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Background: Microglia participate in mediating neuroinflammation in which P2X7R triggered by adenosine triphosphate has
a critical effect after spinal cord injury. However, how the P2X7R of microglia regulate neuroinflammation af-
ter spinal cord injury is still unclear.

The aim of this study was to explore the mechanism by which the P2X7 receptor of microglia regulates neuro-
inflammation after spinal cord injury in NLRP3 inflammasome-dependent inflammation.

Material/Methods: Sixt rats were divided into 5 groups: a sham group, a model group, a BzATP group, an A-438079 group, and a
BzATP+CY-09 group. Rats in the sham group were only subjected to laminectomy and rats in the other groups
were subjected to spinal cord injury followed by treatment with physiological saline, BzATP, A-438079, and
BzATP following CY-09, separately. Real-time polymerase chain reaction, Western blot, immunofluorescence
staining, and enzyme-linked immunosorbent assay were used to analyze the scientific hypothesis.

Results: (i) P2X7R of microglia was upregulated and downregulated by BzATP, and A-438079 was upregulated after spi-
nal cord injury. (i) Upregulation of P2X7R on microglia is coincident with increase of neuroinflammation after
spinal cord injury. (i) P2X7R of microglia participates in spinal cord-mediated neuroinflammation via regulat-
ing NLRP3 inflammasome-dependent inflammation.

Conclusions: P2X7R of microglia in spinal cord mediates neuroinflammation by regulating NLRP3 inflammasome-dependent
inflammation after spinal cord injury.
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Background

Spinal cord injury (SCI) is a central nervous system injury caused
by trauma and violence to the spine. Fractures and dislocations
of the spine injure the spinal cord and cauda equina nerve,
resulting in motor, sensory, nerve reflex, and sphincter dys-
function of the limbs below the injury plane. According to stud-
ies [1,2], the incidence of spinal cord injury is about 27-83 cas-
es per million people in the United States and 10-30 cases per
million people in Europe. More than 2 million people worldwide
have sequelae after SCI, including motor dysfunction, sensory
dysfunction, neurogenic bladder, and gastrointestinal dysfunc-
tion, which brings enormous losses and heavy burden to pa-
tients, families, and society. Better understanding of the path-
ological mechanism of SCI will improve SCI sequelae therapy.

After SCI, there is a series of complex pathological responses,
including neuroinflammation, edema, ion imbalance, spinal
cord ischemia, electrolyte disorder, and excitatory amino acid
poisoning, leading to neuron necrosis and apoptosis, myelin
sheath rupture, deletion and demyelination changes, Wallerian
degeneration, myelin sheath cavity, and glial scar forma-
tion [3]. Among these responses, neuroinflammation plays an
important role in repair of the nervous system [4,5]. However,
although neuroinflammation can help clear necrotic cells and
tissue fragments, excessive neuroinflammation can further
aggravate central nervous system injury, leading to failure of
nerve repair after SCI [6].

Microglia (MG) are the innate immune cells in the central ner-
vous system; they are immediately activated after SCI and
play a key role in neuroinflammation [7]. When the body is in
a normal state, microglia support, nourish, and protect neu-
rons. When the central nervous system is damaged, microglia
are activated and immediately proliferate to mediate neuro-
inflammation. During the neuroinflammation, the purinergic
P2X7 receptor (P2X7R) — a subtype of ligand-gated ion channel
receptors that conveys the ionotropic actions of extracellular
ATP widely existing on different types of cell surfaces, including
MG - regulates the expression of several cytokines and inflam-
mation mediators like IL-1f and IL-18 to participant in mediat-
ing neuroinflammation [8]. In addition, P2X7R has the highest
threshold for ATP-induced activation, triggering downstream
mechanisms only when extracellular ATP reaches pathological
concentrations. This makes P2X7R stand out among other pu-
rine receptors and it plays a central role in several pathological
conditions, including inflammatory diseases and neuropathic
pain [9]. However, how the P2X7R on MG mediates neuroin-
flammation by regulating the expression and secretion of cy-
tokines and inflammation mediators after SCl is still unclear.

It is well known that nucleotide-binding oligomerization do-
main (NOD)-like receptor protein 3 (NLRP3) is an important
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member of the NOD-like receptor family, with a function of
regulating innate immunity [10-12]. NLRP3 and other intra-
cellular proteins oligomerize by protein—protein interactions
to form a complex inflammasome to activate pro-caspasel,
which cleaves the inactive IL-1B precursor to mediate inflam-
mation [13,14]. P2X7R has been shown to be a sensor of cell
injury and a trigger of the NLRP3 inflammasome, and the
NLRP3/P2X7R interaction occurs at restricted subplasma mem-
brane sites in microglia and macrophages [15]. However, most
of these studies focussed on neurodegenerative diseases, liver
fibrosis, and auto-immune diseases, including multiple sclerosis,
Alzheimer disease, systemic lupus erythematosus, rheumatoid
arthritis, inflammatory bowel disease, and multiple sclerosis.
No study has specifically explored the NLRP3/P2X7R interac-
tion in neuroinflammation after SCI [15,16]. It is important to
know that the role that P2X7R exhibits depends both on the
degree of ATP activation (depending on the concentration and
duration of stimulation) and on the expression of the receptor
itself, which may vary between different cells [17]. Therefore,
in this study, we set out to assess whether spinal cord P2X7R
on MG regulates NLRP3 inflammasome to mediate neuroin-
flammation after SCI.

Material and Methods

Animals

Sixty Sprague-Dawley rats (30 females, 30 males) weighing
200-220 g were purchased from Shanghai SLAC Laboratory
Animal Co. and were housed at room temperature and 12/12-
hour light/dark cycle and free to access the water and food.
Before the experiment, the rats that were divided into 5 groups,
with 12 rats randomly picked in each group, including a sham
group, a model group, an A-438079 group, a BzATP group, and
a BzATP+CY-09 group, then they were allowed to acclimate to
the housing facilities and environment for 7 days.

Intervention of each group

The rats in the sham group were subjected to laminectomy
without spinal cord injury and administered physiological sa-
line by intraperitoneal injection. The rats in the model group
were subjected to spinal cord injury and administered physi-
ological saline by intraperitoneal injection. The rats in the in-
hibitor group were subjected to spinal cord injury and admin-
istered P2X7 receptor antagonist A-438079 (HY-15488, MCE,
New Jersey, USA) at a dose of 35 pg/rat [18] by intraperitoneal
injection. The rats in the BzATP group were subjected to spinal
cord injury and administered 3’-O-(4-benzoylbenzoyl) adenosine
5’-triphosphate (BzATP) (ab120444, Abcam, Shanghai, China),
a P2X7 receptor agonist, at a dose of 0.5pg/d [18] by intra-
peritoneal injection. The rats in the BzATP+CY-09 group were
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subjected to spinal cord injury and administered CY-09 (HY-
103666, MCE, New Jersey, USA), a NLRP3 antagonist, at a dose
of 10 mg/kg 1 h before administration of BzATP (ab120444,
Abcam, Shanghai, China) at a dose of 0.5pg/d. All rats were
killed on the third day after the intervention. The protocol for
use of rats was approved by the Animal Care Committee of
Qingdao Municipal Hospital.

Spinal cord contusion injury establishment

Rat spinal cord contusion injury was established according
to previous studies [19,20]. Briefly, rats were anesthetized by
1% pentobarbital solution (P-010, Sigma-Aldrich, Shanghai,
China) at a dose of 40 mg/kg and fixed on the operating ta-
ble in prone position. After depilation and sterilization, an ap-
proximately 4-cm incision was made along the T9 to T11
midline and paravertebral muscles were dissected bilaterally.
Then, after exposing the spinal cord by laminectomy of to-
tal T9 to T11, the intact T10 spinal cord was contused using
a MASCIS impactor device (Impactor M-Ill, W.M. Keck Center
for Collaborative Neuroscience, New Jersey, USA), setting the
parameter as 12.5 mm height and 10 g weight. After surgery,
all rats were kept warm, housed singly, and defecated man-
ually twice a day.

Immunofluorescence staining

After successful anesthesia, perfusion fixation was performed
transcardially with physiological saline followed by 4% para-
formaldehyde in 6 rats in each group. The T9 to T11 spinal
cord segments were removed immediately and immersed in
4% paraformaldehyde for post-fixation for 48 h at 4°C and
then embedded in paraffin. Tissue blocks were sectioned at
5 pum. Sections were subjected to antigen retrieval with cit-
ric acid buffer, blocked with 10% normal goat serum for 2 h
at room temperature, and incubated with a mixture of rabbit
P2X7R antibody (1: 100, APR-004, Alomone, Jerusalem, Israel)
and goat IBA-1 antibody (1: 200, ab5076, Abcam, Shanghai,
China) at 4°C overnight. Sections were further incubated
with the mixture of donkey anti-goat Alexa Fluor 546 anti-
body (1: 200, A-11057, Thermo Fisher Scientific, Shanghai,
China) and goat anti-rabbit Alexa Fluor 488 antibody (1: 200,
A-11034, Thermo Fisher Scientific, Shanghai, China) at room
temperature for 2 h in the dark and then incubated with DAPI
(1: 1000, ab228549, Abcam, Shanghai, China) at room tem-
perature for 3 min. Sections were observed under a confocal
laser scanning microscope (710, CARL ZEISS, Germany) with
wavelengths of 488 mm and 546 mm.

Western blot analysis

The T9 to T11 spinal cord segments from 6 rats in each group
were removed immediately after surgery and washed with
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phosphate-buffered saline (pH 7.4) before extraction of pro-
teins using the Protein Extraction Kit (89842, Thermo Fisher
Scientific, Shanghai, China). BCA assay method was used to
analyze the protein concentrations. Sodium dodecyl-polyacryl
gradient gel electrophoresis with 10% Tris-Glycine gels at 80 V
was used to separate proteins with 50 micrograms of protein
per lane. Proteins were electrophoretically transferred onto
polyvinylidene fluoride membranes. The membranes were incu-
bated with rabbit P2X7R antibody (1: 1000, APR-004, Alomone,
Jerusalem, Israel), goat NLRP3 antibody (1: 2000, ab214185,
Abcam, Shanghai, China), rabbit cleaved-Caspase-1 (P20) anti-
body (BA2220, BOSTER, Wuhan, China), and B-actin antibody
(1: 4000, ab8227, Abcam, Shanghai, China) at 4°C overnight,
and then incubated with horseradish peroxidase-conjugat-
ed anti-rabbit or anti-goat antibody (1: 2000, ab6721, and
ab6741, Abcam, Shanghai, China), respectively, at room tem-
perature for 2 h. The chemiluminescence method (ECL sys-
tem, GE Healthcare, Chalfont St. Giles, UK) was used to visu-
alize the blots. Image J software (Bio-Rad, USA) was applied
to analyze the immune activity. The specific bands were nor-
malized against the loading control (B-actin).

Enzyme-linked immunosorbent assay (ELISA)

The T9 to T11 spinal cord segments from 6 rats in each group
were removed immediately after surgery and washed with phos-
phate-buffered saline (pH 7.4). The spinal cord segments were
ground to homogenate and centrifuged at 10 000 g for 10 min.
The rat IL-1f ELISA kit (EK3711, BOSTER, Wuhan, China) and
IL-18 ELISA kit (EK0592, BOSTER, Wuhan, China) were used to
detect contents of IL-1p and IL-18 in the spinal cord segments
according to the manufacturer’s instructions.

Quantitative real-time polymerase chain reaction (qPCR)

The Quick-RNA™ MiniPrep kit was used to isolate the total
RNA of the T9 to T11 spinal cord segments according to the
manufacturer’s instructions (R223-01, Vazyme, Nanjing, China)
and Thermo Nano Drop 2000 (2000, Thermo Fisher Scientific,
Massachusetts, USA) was used to analyze the purity and con-
centration of the extracted RNA. To convert the complementa-
ry DNA (cDNA), the High-Capacity cDNA Reverse Transcription
kit (Q111-02/03, Vazyme, Nanjing, China) was used to per-
form the reverse transcription. Primers of were designed as
P2X7R forward primer 5’-AATGAGTCCCTGTTCCCTGGCTAC-3’,
reverse primer 5’-CAGTTCCAAGAAGTCCGTCTGG-3’;

IL-1B forward primer 5’-CTCTGACAGGCAACCACTTAC-3’,
reverse primer 5’-GATGTGCTTGTGCTTCATTCATAA-3’ and

IL-18 forward primer 5’-TGTGAAGGATGGAAGGATGTCTA-3’,
reverse primer 5’-AGTAGGTTATCATAAGGCTCGTGTA-3'.

The Real-Time PCR System (ABI 7500, Applied Biosystems,
Massachusetts, USA) was used to perform qPCR with the cy-
cling parameters set as denaturation at 95°C for 10 s, annealing
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at 60°C for 30 s, and extension at 72°C for 30 s. Each reaction
was repeated 3 times and the relative quantification method
of AACt was used to analyze the data, shown as relative gene
expression levels compared to the control.

Statistical analysis

SPSS 22.0 software (Version 22.0, IBM, New York State, USA)
was used to perform the statistical analysis. The data are ex-
pressed as mean+SEM and tested by normal distribution fol-
lowed by one-way analysis of variance. LSD method was used
if the variance was uniform; otherwise, the Games-Howell
method was used. P<0.05 was considered to indicate a sta-
tistically significant difference and P<0.01 indicated a strong-
ly significant difference.

Results

P2X7R of microglia was upregulated and downregulated
by BzATP, and A-438079 separately was upregulated after
SCI

As the innate immune cell in the central nervous system, microg-
lia marked by IBA-1 play a key role in mediating neuroinflam-
mation after injury. P2X7R, a subtype of purine receptor, is dis-
tributed on various types of cell surfaces, including microglia in
the central nervous system, and has important effects on many
pathological reactions of neuroinflammation [21,22]. To deter-
mine the expression of P2X7R on spinal cord microglia after
SCl, immunofluorescent staining was carried out to examine if
there was P2X7R and IBA-1 double-positivity (P2X7R*/IBA-1*)
cells in the spinal cord after SCI. As showed in the study, there
were some cells stained IBA-1-positive (IBA-1*) but almost
none were stained P2X7R-positive (P2X7R*) in the sham group
(Figure 1A). In contrast, P2X7R*/IBA-1* cells were dramatically
increased in the spinal cord of the model group (Figure 1A, 1B,
** P<0.01), exhibiting activated morphology of microglia and
indicating that there was notable upregulation of P2X7R on
microglia after SCI. In addition, when BzATP, the agonist of
P2X7R, was applied by intraperitoneal injection, the number of
P2X7R*/IBA-1* cells were further increased in comparison with
the model group (Figure 1A, 1B, * P<0.05), demonstrating that
BzATP upregulated the P2X7R on microglia after SCI. We fur-
ther applied A-438079, the antagonist of P2X7R, by intraperito-
neal injection, and found it significantly decreased the number
of P2X7R*/IBA-1* in the spinal cord (Figure 1A, 1B, ** P<0.01).
Compared to the sham group, whose P2X7R-positive microg-
lia percentage was least, the P2X7R-positive microglia percent-
age of the model group, BzATP group, and A-438079 group
were significantly increased (Figure 1C, ** P<0.01). Compared
to the model group, the BzATP group accounted for a signif-
icantly increased proportion (Figure 1C, ** P<0.01) and the
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A-438079 group accounted for a significantly reduced propor-
tion (Figure 1C, ** P<0.01). This result indicates that the most
of microglia overexpressed P2X7R to participate in the patho-
logical reaction as neuroinflammation after SCI, and the ago-
nist BzATP increased the P2X7R-positive microglia proportion,
which was inhibited by the antagonist A-438079.

To confirm the above results, we further performed gPCR and
Western blotting for quantitative analysis of the expression of
P2X7R in the spinal cord. The results showed remarkable up-
regulation of the expression of protein and mRNA of P2X7R in
the spinal cord after SCI (Figure 2, ** P<0.01), which was pro-
moted by BzATP (Figure 2, * P<0.05) and strongly inhibited by
A-439079 (Figure 2, ** P<0.01), which was consistent with the
results of immunofluorescent staining demonstrating, which
showed upregulation of P2X7R on microglia in the spinal cord
after SCI, regulated by BzATP and A-438079.

Upregulation of P2X7R on Microglia is Coincident with
Increase of Neuroinflammation After SCI

IL-1B and IL-18, which are important inflammation factors,
are regulated by microglia in the spinal cord to mediate neu-
roinflammation after SCI. As the downstream effectors of mi-
croglia mediating neuroinflammation, expression of IL-1f and
IL-18 was detected by ELISA and gPCR, and the results showed
that, compared to the low expression of IL-1p and IL-18 in the
sham group, the expression of IL-1p and IL-18 in the model
group was greatly increased (Figure 3, ** P<0.01), indicating
that there was a higher level of neuroinflammation in the le-
sion after SCI, which agrees with previous studies [23,24]. To
further investigate the effects of P2X7R of microglia in the
spinal cord that were upregulated after SCI on neuroinflam-
mation, we administered A438079, a selective P2X7R antag-
onist, and BzATP, a P2X7R agonist as control, to inhibit and
increase the expression of P2X7R, separately. The results of
ELISA and gPCR showed that compared to the model group,
A438079 significantly decreased the expression of IL- 18 and
IL-18 (Figure 3, ** P<0.01) and BzATP significantly increased
the expression of IL- 1B and IL-18 (Figure 3, ** P<0.01), which
wa inhibited by CY-09 (Figure 3, ** P<0.01), indicating that,
along with the inhibition or activation of P2X7R on microglia
in the spinal cord, the neuroinflammation after SCI was inhib-
ited or promoted, revealing that upregulation of P2X7R on mi-
croglia participated in mediating neuroinflammation after SCI.

P2X7R of microglia in spinal cord mediated
neuroinflammation via regulating NLRP3 inflammasome-
dependent inflammation

The NLRP3 inflammasome is an important pathway regu-
lating neuroinflammation in which the activated NLRP3 in-
flammasome has effects on converting pro-Caspase-1 to
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Figure 1. Immunofluorescence detected P2X7R of microglia in spinal cord. (A) P2X7R (P2X7R+, green) and IBA-1 (IBA-1+, red) co-
expressed as P2X7R of microglia (P2X7R+/IBA-1+, yellow) that were overexpressed after spinal cord injury and BzATP
intervention, and, compared to the morphology of microglia in the sham group, the morphology of activated microglia after
injury changed to large soma and short irregular processes, revealing that many microglia in spinal cord became active after
spinal cord injury. (B) The number of P2X7R of microglia (P2X7R+/IBA-1+) increased notably after spinal cord injury compared
to the sham group (** P<0.01), and, compared to the model group, BzATP increased the number of P2X7R of microglia
(* P<0.05) while A-438079 significantly decreased the number of P2X7R of microglia (** P<0.01). (C) The P2X7R-positive
microglia percentage was clearly increased after spinal cord injury compared to the sham group (** P<0.01), and, compared
to the model group, BzATP accounted for a significantly increased P2X7R-positive microglia proportion (** P<0.01) while
A-438079 accounted for a significantly reduced P2X7R-positive microglia proportion (** P<0.01).
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Figure 2. Western blot and qPCR assay were used to assess the expression of P2X7R protein and P2X7R mRNA in spinal cord.
(A) Western blot assay showed that the expression of P2X7R protein in spinal cord was increased notably after spinal cord
injury compared to the sham group (** P<0.01) and, compared to model group, BzATP increased the expression of P2X7R
protein in spinal cord (* P<0.05) while A-438079 significantly decreased the expression of P2X7R protein in spinal cord
(** P<0.01). (B) gPCR assay showed that the expression of P2X7R mRNA in spinal cord increased notably after spinal cord
injury compared to the sham group (** P<0.01), and compared to the model group, BzATP increased the expression of
P2X7R mRNA in spinal cord (* P<0.05) while A-438079 significantly decreased the expression of P2X7R mRNA in spinal cord
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Figure 3. P2X7R of microglia in spinal cord-mediated neuroinflammation after spinal cord injury. (A) ELISA showed that, compared
to the sham group, the expression of IL-18 and IL-18 in the spinal cord were significantly increased after spinal cord injury
(** P<0.01) and, compared to the model group, A438079 significantly inhibited the expression of IL- 1p and IL-18 (** P<0.01)
and BzATP significantly increased the expression of IL- 1§ and IL-18 (** P<0.01), which was strongly inhibited by CY-09
(** P<0.01). (B) gPCR assay showed that, compared to the sham group, the expression of IL-13 mRNA and IL-18 mRNA in
the spinal cord was significantly increased after spinal cord injury (** P<0.01) and, compared to the model group, A438079
significantly inhibited the expression of IL-13 mRNA and IL-18 mRNA (** P<0.01), and BzATP significantly increased the
expression of IL-1 mRNA and IL-18 mRNA (** P<0.01), which was strongly inhibited by CY-09 (** P<0.01).
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Figure 4. P2X7R of microglia in spinal cord regulated the expression of NLRP3 and cleaved-Caspase-1 (P20). Compared to the sham
group, the expression of NLRP3 and cleaved-Caspase-1 (P20) in the spinal cord significantly increased after spinal cord
injury (** P<0.01) and, compared to the model group, BzATP promoted the expression of NLRP3 and cleaved-Caspase-1 (P20)
(* P<0.05), which was inhibited by CY-09 (* P<0.05), while A-438079 notably reduced the expression of NLRP3 and cleaved-

Caspase-1 (P20) (** P<0.01).

cleaved-Caspase-1 (P20), which can convert inactive precur-
sor of IL-1P and IL-18 to active IL-1p and IL-18 with pro-inflam-
mation [25]. To determine the mechanism of the P2X7R of mi-
croglia in spinal cord mediating neuroinflammation after SCI,
and to determine whether the NLRP3 inflammasome-depen-
dent inflammation is related to neuroinflammation mediated
by P2X7R of microglia after SCI, we performed Western blot
analysis of the expressions of NLRP3 and cleaved-Caspase-1
(P20) and used CY-09, the antagonist of NLRP3, as the control.
The results showed that there was lower expression of NLRP3
and cleaved-Caspase-1 (P20) in the sham group (Figure 4). By
comparison, the expressions of NLRP3 and cleaved-Caspase-1
(P20) were increased prominently in the model group (Figure 4,
** P<0.01), which were coincidence with the expression of IL-1p
and IL-18 indicating that after SCI, NLRP3 inflammasome-depen-
dent inflammation in the lesion was activated. Consistent with
the expressions of IL-1p and IL-18 after SCI, BzATP, the ago-
nist of P2X7R, promoted the expression of NLRP3 and cleaved-
Caspase-1 (P20) (Figure 4, * P<0.05) while A-438079, the an-
tagonist of P2X7R notably reduced the expression of NLRP3
and cleaved-Caspase-1 (P20) (Figure 4, ** P<0.01) compared
to the sham group, revealing that P2X7R of microglia may be
involved in regulating NLRP3 inflammasome-dependent in-
flammation in lesions after SCI. We then used CY-09, the se-
lective and direct NLRP3 inhibitor directly binding to the ATP-
binding motif of NLRP3 NACHT domain and inhibiting NLRP3
ATPase activity [26], resulting in the suppression of NLRP3 in-
flammasome assembly and activation in the study as the con-
trol. The results showed that CY-09 reduced the overexpres-
sion of NLRP3 and cleaved-Caspase-1 (P20) caused by BzATP
(Figure 4, * P<0.05), indicating that the effects of upregulation

of P2X7R of microglia caused by BzATP on promotion of neu-
roinflammation after SCI were inhibited by CY-09, the antag-
onist of NLRP3. Our results show P2X7R of microglia affects
spinal cord-mediated neuroinflammation via regulating NLRP3
inflammasome-dependent inflammation.

Discussion

Neuroinflammation is one of the most important pathology re-
sponses, with a dual effect on the restoration and reconstruc-
tion of the nervous system after SCI. In the initial stage of injury,
neuroinflammation helps to limit tissue damage in response to
pathogens or injury to help the body detect and fight foreign
antigens and restore tissue integrity [27,28]. With the develop-
ment of injury, excessive neuroinflammation aggravates dam-
age to the nervous system, leading to apoptosis and necrosis
of neurons, as well as axonal demyelination, which can help re-
construct and repair the nervous system after SCI. Studies deter-
mined that the content of inflammatory factors, including IL-1B
and IL-18, that were synthesized and secreted quickly to the le-
sion gradually increased to reach a peak at 72 h and then pla-
teau. It is important to maintain and regulate neuroinflamma-
tion at an appropriate level after SCl in the initial stage of injury.
For neuroinflammation, neuroinflammatory responses mediat-
ed by microglia, the resident immune cells in central nervous
system are one of the important sources of neuroinflammation
as the response to injury causing a variety of triggers [29-32].

As a crucial member of the purine receptor family, P2X7R is
an ATP-gated nonselective cation channel regulating Na?, K*,
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and Ca* intracellular and extracellular movement by trigger-
ing of adenosine triphosphate (ATP), which acts as a mediator
of inflammation and immunity. Almost all immune and inflam-
matory cells express the P2X7 receptor, and its expression is
upregulated during inflammation. By far the best-performing
immune cell lineage for P2X7 activity are cells of the mono-
cyte/macrophage axis, including dendritic cells, microglia, and
osteoclasts. This receptor is also expressed by T lymphocytes,
B lymphocytes, mast cells, and natural killer cells. Due to its
well-established role in interleukin (IL)-1p and IL-18 release and
in cell death and proliferation, P2X7R is thought to have an
important role in chronic inflammatory disorders, in metabol-
ic dysfunctions such as type 2 diabetes, in neurodegenerative
diseases, and in cancer [33], especially in various chronic inflam-
matory neurological diseases. Several cell types in the nervous
system express P2X7R, including astrocytes, oligodendrocytes,
microglia, and Schwann cells [34]. A study clearly demonstrat-
ed the expression of P2X7R in myelinated Schwann cells and
non-myelinated Schwann cells. Upregulation of P2X7R expres-
sion in Schwann cells of injured sciatic nerves was associated
with proliferation of Schwann cells [35]. Furthermore, a study
also showed that Schwann cell-specific ERK1/2 activation was
sufficient to induce other responses associated with nerve in-
jury and repair [36]. Enhanced and prolonged activation of as-
trocytes plays a detrimental role in many CNS disorders [37].
This has even led to a “gliocentric” concept of brain patholo-
gies [38]. It is precisely because microglia-mediated neuroin-
flammatory response is one of the important sources of neuro-
inflammation that we conducted the present study to explore
the role of P2X7R in microglia in this process.

After SCI, ATP increased release by endothelial cells during inju-
ry trigger of many cytokine and inflammatory factors released
from inflammatory cells to activate P2X7R, which plays a cen-
tral role in inflammation to aggravate damage and form a vi-
cious circle. The immunofluorescence assay used in the study
showed that, accompanied by activation of microglia, P2X7R-
positive cells were mostly positive to Iba-1 and the number of
P2X7R*/IBA-1* cells was increased notably, indicating that the
overexpression of P2X7R in the microglia in spinal cord sig-
nificantly participates in pathology response after SCI, which
agrees with previous studies [39-41]. Meanwhile, because pu-
rinergic receptors, especially P2X7R, contribute to regulating
inflammation and immune responses, activated P2X7R in mi-
croglia has been thought to have an intimate relationship with
neuroinflammation after SCI. In activated microglia, activation
of P2X7R triggered by ATP after injury upregulated the neuro-
inflammation by promoting the release of inflammatory cyto-
kines, including IL-1B and IL-18 [42-44]. We observed that the
expression of inflammatory cytokines, including IL-1pand IL-18,
around the lesion was greatly increased after SCl and can be
up regulated by P2X7R agonist and downregulated by P2X7R
antagonist, indicating that P2X7R in microglia participate in
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mediating and regulating neuroinflammation after SCI, which
is supported by previous studies [45-47]. However, it is un-
known how the P2X7R in microglia regulates neuroinflamma-
tion in the spinal cord after SCI.

To answer this question, we hypothesized that the NLRP3 in-
flammasome is closely related to inflammation after injury. In
the damaged environment with ATP, cytokine, and inflamma-
tory cytokines, NLRP3 oligomerizes with other intracellular pro-
teins through protein-to-protein interaction to form a complex
called the NLRP3 inflammasome. The assembled components
of the NLRP3 inflammasome initiate the processing of inac-
tive procaspase-1, resulting in formation of active cleaved-cas-
pase-1 (P20), processing the precursor of IL-1B and IL-18 in the
secretory lysosome, resulting in the generation and secretion
of carboxy-terminal mature IL-1B and IL-18 [48-50]. We pro-
pose the scientific hypothesis that, triggered by ATP around
the lesion, P2X7R in microglia in the spinal cord can regulate
neuroinflammation by the NLRP3 inflammasome pathway af-
ter SCI. We observed that the expressions of NLRP3 inflamma-
some and cleaved-caspase-1 (P20) can be upregulated by P2X7R
agonist and downregulated by P2X7R antagonist, accompa-
nied by promotion and inhibition of neuroinflammation after
SCI. However, we also discovered that CY-09, the antagonist
of NLRP3 inflammasome, successfully inhibited the promotion
of BzATP in neuroinflammation after SCI, revealing that P2X7R
in microglia in the spinal cord can regulate neuroinflamma-
tion via the NLRP3 inflammasome pathway after SCI. The ef-
fect of the NLRP3 inflammasome on pro-IL-18 and pro-IL-1
processing places P2X7R at the center of neuroinflammation.
In our opinion, P2X7R triggers the activation of the NLRP3 in-
flammasome, which is the main intracellular complex partic-
ipating in transduction of danger signals and initiation of in-
flammation by ionic imbalance, considering that a large Ca*
can be driven by P2X7R in microglia to influx from the extra-
cellular space to play a role in activating the NLRP3 inflamma-
some after injury [51]. Therefore, it is important to be aware
that P2X7R on microglia in the spinal cord can regulate neuro-
inflammation via NLRP3 inflammasome-dependent inflamma-
tion after SCI. In conclusion, this finding not only strengthens
the understanding of the pathology of spinal cord injury, but
also provides a possible new therapeutic strategy.

Our study has certain limitations: i) we only designed agonist
and antagonist as a control without gene knockout; ii) we pro-
posed a scientific hypothesis by animal trial without using mi-
croglia cells to perform the trial in vitro; iii) changes of ion flux
caused by P2X7R in microglia after SCI were not assayed to
reveal the mechanism by which P2X7R regulates the NLRP3
inflammasome to participate in neuroinflammation after SCI.
Thus, it is essential to further explore the mechanism by which
P2X7R in the microglia in the spinal cord regulates neuroin-
flammation via the NLRP3 inflammasome pathway after SCI.
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Conclusions

The present study demonstrated that P2X7R of microglia me-
diates neuroinflammation by regulating NLRP3 inflammasome-
dependent inflammation after SCI, revealing that P2X7R may
be an effective target for treating SCI.
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