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P2X7 receptor induces microglia polarization
to the M1 phenotype in cancer-induced bone
pain rat models

Ping Wu1, Guohua Zhou2, Xiaoqi Wu2, Run Lv3, Jiaqi Yao1, and Qingping Wen1

Abstract

Background: The transition from pro-inflammatory M1 phenotype to anti-inflammatory M2 phenotype presents a novel
therapeutic strategy for chronic pain.

Objective: We investigated the role of microglia polarization in cancer-induced bone pain (CIBP), as well as the role of the
P2X7 receptor in modulating M1 to M2 polarization.

Methods: Walker-256 breast cancer cells were administered into tibias of female rats to induce bone cancer–associated
cancer.

Results: During bone cancer development, the P2X7 receptor and M1 microglia markers were upregulated. In contrast,
inhibition of the P2X7 receptor by BBG, a blood-brain barrier-permeable P2X7R-specific antagonist, alleviated the pain and
promoted microglia polarization toward the M2 phenotype, while suppressing the M1 phenotype in vivo and in vitro.

Conclusion: P2X7 receptor-mediated spinal microglia polarization is involved in alleviation of CIBP. Therefore, P2X7R is a
potential option for CIBP treatment.
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Introduction

Cancer-induced bone pain (CIBP) is a severe form of cancer
pain that is often managed poorly, thereby significantly
compromising the quality of life for patients.1 Effective pain
control is not only important for comprehensive treatment of
cancer, but is associated with prolonged patient survival
outcomes.2 However, the current treatment options for bone
pain are limited by their ineffective analgesic properties or
inevitable side effects.3 Therefore, there is a need to inves-
tigate the pathomechanisms of CIBP, which would form the
basis for the development of effective treatment strategies.

Animal models have been used to investigate CIBP
pathogenesis as well as to assess the efficacies of potential
drugs.4 In CIBP models, pain sensation is detected at the

affected hind paw, rather than at the tumor infiltration area.5

This is based on the dependence of CIBP to central sensi-
tization.6 Microglia is a central resident macrophage that
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modulates neuronal sensitization.7 In response to stimuli, mi-
croglia adopts distinctive phenotypes, the alternative M2 and
classical M1 phenotypes. Microglia of the M1 phenotype ex-
hibit elevated levels of CD86 and inducible NO synthase
(iNOS).8 The shift ofmicroglia to theM1 phenotype initiates the
synthesis and secretion of various inflammation-promoting
cytokines, including, tumor necrosis factor-α (TNF-α) and in-
terleukin (IL)-18 which activate neighboring neurons, resulting
in sensitization and pain persistence.9 Besides, theM2microglia
is characterized by increased expression levels of arginase-1
(Arg-1) and CD163, and they secrete inflammation-inhibiting
cytokines, such as IL-4 and IL-10. Anti-inflammatory cytokines
suppress inflammatory responses and mediate restoration of
immune homeostasis.10 Stimulation of polarization to the M1
phenotype by processes such as intrathecal injection of LPS can
cause hypersensitive pain reactions.11 Inhibition of microglial
polarization to the M1 state can significantly suppress pain.12

The P2X7 receptor (P2X7R) modulates microglial
activation.13–15 Following CIPB, this receptor is predominantly
found in microglia and in the spinal cords.16 Deletion of the
P2RX7 gene was shown to significantly reduce pain hyper-
sensitivity in response to peripheral nerve damage in mice.17 In
ischemia-induced painmodels, Higashi et al.18 found that P2X7R
promoted microglial differentiation toward the M1 phenotype,
while its inhibition suppressed this differentiation, thereby re-
lieving pain. However, the role of P2X7R inM1/M2 polarization
in CIBP has not been clearly elucidated. In this study, we used
Walker 256 breast cancer-induced bone pain female rat models to
investigate the role of microglial polarization in CIBP. Moreover,
we evaluated whether suppression of P2X7R activities can al-
leviate CIBP by modulating M1 to M2 polarization.

Materials and methods

Experimental animals

Female Sprague-Dawley (SD) rats weighing 180–220 g were
purchased from the Institute of Genome Engineered Animal
Models for Human Diseases (Dalian, China). Animals were
kept in sterile plastic cages under an SPF grade environment
at the Dalian Medical University. They were maintained at
room temperature (22 ± 1°C) with a 12 h dark/light cycle,
provided with sufficient clean water and food. Animal ex-
periments were permitted by the Ethical Committee on
Animal Research of Dalian Medical University.

Cell culture

Culture of cell lines. Walker 256 mammary gland carcinoma
cells (donated by Prof. Changsheng Dong (Shanghai Re-
search Institute of Traditional Chinese Medicine, China) were
cultured in RPMI 1640 medium enriched with 2% penicillin/
streptomycin, 10% fetal bovine serum (FBS), and 1%
L-glutamine. Cells were separated from culture flasks using
0.25% trypsin, centrifuged, and reconstituted in PBS.

BV2 Cells. Mouse BV2 cells were bought from Procell Life
Science & Technology Co, Ltd (Wuhan, China) and pas-
saged in DMEM:F12 (1:1) medium containing Glutamax,
100 U/mL penicillin and 10% FBS in a humidified atmo-
sphere (37°C, 5% CO2). At intervals of 2–3 days, the medium
was replaced.

CIBP model

We established a CIBP rat model according to a previously
described protocol.1 Briefly, rats were intraperitoneally in-
jected with pentobarbital sodium (50 mg/kg). The CIBP
group was administered with 10 μL of walker 256 breast
cancer cells (about 5 × 105) in PBS at intramedullary cavity of
the left tibia, while the sham group was administered with 10
μL PBS. To prevent cancer cell leakage along the injection
track, the syringe was maintained in place for 2 min before
removal. The injection was sealed with bone wax while the
injection hole was closed in layers and covered with
penicillin.

Experimental design

Experiment 1: The CIBP models were evaluated at 7, 14, and
21 days post-implantation of Walker 256 cells. Rats were
randomized into Sham group (sacrificed 21 days after PBS
injection); CIBP 7 d group (sacrificed 7 days post-
implantation of tumor cells); CIBP 14 d group (sacrificed
14 days post-implantation of tumor cells), and CIBP 21 d
group (sacrificed 21 days post-implantation of tumor cells).
Besides, PawWithdrawal Thresholds (PWTs) and Number of
Spontaneous Flinches (NSFs) were examined, and then,
tissues were harvested accordingly (Figure 1(a)).

Experiment 2: The role of P2X7R in CIBP was evaluated
by treatment with Brilliant Blue G (BBG), a P2X7R-specific
antagonist. Rats were randomized into Sham + NS group,
Sham + BBG group, CIBP + NS group, or CIBP + BBG
group. Rats in the Sham + BBG and CIBP + BBG groups
were intraperitoneally administered with BBG, (APExBIO,
C5579) 50 mg/kg from day 7 to day 21, once daily. The
dosage was determined from previous literature and sub-
jected to preliminary evaluation.19 Rats in the Sham + NS
and CIBP + NS groups were administered with the same
volume of saline solution (Figure 1(b)).

Experiment 3: The BV2 cells were selected as alternatives
for investigating microglia in vitro. Three different siRNAs
targeting mouse P2RX7 gene and a non-targeting siRNAwere
prepared by Genepharma Co, Ltd (Shanghai, China)
(Supplementary File 1). siRNAs targeting P2X7R mRNA and a
non-targeting siRNA control were infected using Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA). Western blot was used
to screen siRNAs with the highest silencing efficiency. Then,
BV2 cells were assigned into: Control+NCsiRNA group, Con-
trol+P2X7RsiRNA group, LPS+BzATP +NCsiRNA group, or
LPS+ BzATP +P2X7RsiRNA group (Figure 1(c)).
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Behavioral assays

Rats were acclimatized to the testing room for 30 min.
Spontaneous (flinching guarding and mechanical allodynia)
pain features were assessed using PWTs and NSF, respec-
tively. PWTs, following von Frey filament stimulation, were
measured as previously described.1 For the NSF test, rats
were left in plexiglass cages and the number of spontaneous
withdrawals of the hindlimb on the operated side of the rat
within 2 min recorded, which indicated nociceptive behav-
iors. Each rat was tested 5 times at an interval of 10 min and
the average value taken as the final NSF result. These tests
were performed 1 day before the operation, and on days 4, 7,
11, 14, 17, and 21 after operation.

A trained specialist, who was blinded to treatment groups,
performed all tests.

Radiology

After intraperitoneal anesthetization of rats using sodium pen-
tobarbital, rats were placed in front of an X-ray source (Ray-
Nova Pet DR) for imaging the tibia on the operated side. The
extent of bone destruction was assessed by two radiologists.

Pathology

HE staining. Rats in the CIBP and Sham groups were eu-
thanized 21 days after modeling, after which their tibias were
obtained. After demineralization in 10% EDTA decalcifica-
tion solution for 2 weeks, tissues were paraffin-embedded and
sliced into 4 μm sections. Slices were kept floating in warm
water at 40°C to flatten them, after which they were baked at
60°C in an oven. The degree of tumor invasion was observed
in tissues stained with hematoxylin and eosin reagents.

Immunofluorescence assays. Spinal cord specimens were ex-
cised from sacrificed rats, fixed in 4% paraformaldehyde for
12–24 h, and embedded in paraffin. Paraffin-embedded
samples were sliced into 8 μm sections for immunofluores-
cence staining. Briefly, sections were deparaffinized two
times in xylene, 15–20 min each, and dehydrated by exposure
to pure ethanol at intervals of 10 min after which they were
dehydrated in gradient ethanol; 95%, 90%, 80%, and 70%
ethanol, for 5 min each. Then, tissues were subjected to
antigen retrieval procedures and exposed to 10% donkey
serum to block sections at room temperature (RT) for 1 h.
This was followed by incubation in the presence of primary
antibodies, anti-P2X7R, anti-Iba1, anti-GFAP, and anti-NeuN
for 12 h at 4°C. Thereafter, sections were incubated for
50 min in the presence of secondary antibodies at RT in
darkness. Finally, they were incubated with anti-DAPI for
10 min at RT in the dark. Spinal cord images were obtained
by fluorescence microscopy (NIKON Eclipse Ci, Japan).
Antibodies used in this study are shown in Supplementary
Table 1.

Western blot analysis

Spinal cord tissues from L4–L6 segments were homogenized
to isolate BV2 cells using a lysis buffer containing a protease
inhibitor (#R0010, Solarbio, Beijing, CHN). The BCA assay
was used to quantify extracted proteins, after which equal
amounts of protein were loaded and separated by SDS-PAGE
gel electrophoresis. Proteins were electro-transferred to a
PVDF membrane and treated with 5% blocking solution at
RT for 1 h. Then, the blot was incubated overnight with dilute
primary antibodies at 4°C, washed three times in TBST and
incubated with a horseradish peroxidase (HRP)-conjugated

Figure 1. The design of experiment. (a) Experiment 1: Implantation ofWalker-256 tumor cells to establish CIBP rat model; (b) Experiment 2:
The treatment of CIBP rat model with BBG; (c) Experiment 3: P2X7RsiRNA administration in cultured BV2 cells.
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secondary antibody for 2 h at RT. Protein bands were detected
using ECL reagents (K-12045-D50, Advansta, USA) and
evaluated by the ImageJ software. Antibodies used in this
experiment are shown in Supplementary Table 1.

qRT-PCR analysis of mRNA expression levels

Total RNA were extracted from BV2 cells using the Trizol
reagent and used to synthesize cDNA using a cDNA Syn-
thesis SuperMix (TransGen Biotech) according to the man-
ufacturer’s instructions. Subsequently, a SYBR Select Master
Mix (Life Technology) was used to perform q-PCR with
corresponding primers (Supplementary Table 2). The ΔΔCt
method was used to calculate relative fold changes of the
expressions of each messenger RNA (mRNA) relative to
expressions of GAPDH.

Statistical analysis

Data analyses were performed using GraphPad Prism 8
(GraphPad Software Inc., La Jolla, CA). Normally distributed

data were presented as mean ± SD Comparisons of means for
two groups were compared using the Student’s unpaired t test.
Statistical significance was set at p ≤ .05.

Results

Experimental design

Establishment and assessment of bone metastasis of breast cancer
in rat models. Bone metastasis rat models were established
by administering Walker 256 mammary gland carcinoma
cells directly into the tibia. X-rays and HE staining were
used to confirm successful tumor cell implantation. Tibia X-
rays obtained on day 21 after intratibial surgery revealed the
occurrence of bone destruction and tumor cell infiltration in
the CIBP group and complete infiltration of cancer cells into
the bone marrow cavity as well as severe damage of the tibia
(Figure 2(a)). HE staining showed complete infiltration of
tumor cells into the bone marrow cavity of the tibia in the
CIBP group and severe damage of bone structures, in-
cluding to the trabeculae and cortical bone. X-rays and HE

Figure 2. The establishment of breast cancer-induced bone metastasis model in rats. (a) Radiographs of tibia 21 days after Walker 256 cells
inoculation. The red frame circled the damage of the proximal cortical bone. (b) 21 days after cancer cells inoculation, hematoxylin-eosin
(HE) staining of the proximal cortical bones. The bonemarrow spaces are full of malignant tumor cells. (c) Pawwithdrawal thresholds (PWTs)
were examined on baseline (1 day before surgery) and postoperative days (POD) 4, 7, 11, 14, 17, 21. Data were presented as mean ± SD (n = 8
per group). ****p < .0001 versus baseline; ####p < .0001 versus Sham group. (d) Number of Spontaneous Flinches (NSF) was examined on
baseline (1 day before surgery) and POD 4, 7, 11, 14, 17, and 21. Data were presented as mean ± SD (n = 8 per group). ****p < .0001 versus
baseline; ####p < .0001 versus Sham group.
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results did not however, reveal tibial destruction in the sham
group (Figure 2(b)). Animal behavioral hypersensitivities
were evaluated from two perspectives. Allodynia in re-
sponse to mechanical stimulate, which was expressed as
PWTs, was significantly decreased on days 7, 11, 14, 17, and
21 after surgery (p < .05) in the ipsilateral hind paw of the
disease model group, compared to the sham group (Figure
2(c)). Besides, in the Sham group, spontaneous pain be-
haviors indicated by NSF were transiently increased on day
four (p < .0001) but subsequently returned to baseline.
Moreover, unlike in the sham group, NSF continuously
increased from day 4 to day 21 in the CIBP group (p < .0001;
Figure 2(d)).

Microglia in CIBP models were polarized toward the
M1 type

Microglia is resident macrophages in the CNS and is involved
in CIBP development.20 The dorsal horn of the spinal cord
has been shown to be the main site of central sensitization. To
determine whether microglial cells in the L4–6 segment of the
spinal cord were polarized toward the M1 type, we used
Western blot analysis to assess markers of M1 and M2 types
(Figure 3(a) and (d)). On day 21, M1-type markers, CD86 and
iNOS, were significantly elevated in CIBP14, while M2-type
markers, CD163 and Arg-1, were significantly suppressed (p
< .05; Figure 3(b), (c), (e), (f)). Therefore, microglia in the
CIBP group was polarized toward the M1 type.

P2X7R expressions in the microglia of spinal dorsal
horn were upregulated after tumor inoculation

Next, we evaluated various factors that are involved in mi-
croglial polarization. First, we assessed the location of
P2X7R by double-immunofluorescence staining for P2X7R
and Iba-1 (microglial biomarkers), GFAP (astrocyte bio-
marker), or NeuN (neuron biomarker) on day 14 after surgery.
Imaging showed that most P2X7R were co-expressed with
Iba-1 positive cells in the ipsilateral spinal dorsal horn, but not
with GFAP or NeuN positive cells (Figure 4(a)). Then, we
investigated the expression and distribution of P2X7R in the
spinal dorsal horn after tumor inoculation by immunofluo-
rescence and Western blot. The levels of P2X7R in the CIBP
group were upregulated over time when compared to the
Sham group (Figure 4(b) to (e)).

P2X7R inhibition relieved cancer-induced bone pain
and promoted microglial polarization toward the
M2 type

Through pharmacologic approaches, we evaluated the effects
of P2X7R on CIBP pathogenesis. We injected BBG, a
P2X7R-specific antagonist with nice blood-brain barrier-
permeability, i.p. (50 mg/kg). BBG treatment significantly
elevated PWTs and suppressed NSF, implying that BBG can
effectively alleviate mechanical allodynia and spontaneous
pain (Figure 5(a) and (b)). In addition, Western blot assays

Figure 3. The microglia in the CIBP group polarized toward M1 type. (a), (b), (c) Representative Western blotting bands and quantitative
analysis showed that the expression levels of CD86 and iNOS protein in the Sham group and CIBP group on POD 7, 14, 21. β-actin was used
as an internal control. Data were presented as mean ± SD (n = 4 per group). *p < .05 versus Sham group; #p < .05 versus CIBP group on POD
14; ***p < .001 versus Sham group; ###p < .001 versus CIBP group on POD 14. (d), (e), (f) Representative Western blotting bands and
quantitative analysis showed that the expression levels of CD163 and Arg-1 proteins in Sham group and CIBP group on POD 7, 14, and 21.
β-actin was used as an internal control. Data were presented as mean ± SD (n = 4 per group). ***p < .001 versus Sham group.
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were performed to test the effects of BBG treatment on
microglial polarization. Analysis showed that compared to
NS, BBG significantly suppressed microglial polarization
toward the M1 type in the CIBP group (Figure 5(c), (e), (f),
(g), (h)). Besides, M2 type markers, CD163, Arg-1, IL-4, and
IL-10 were significantly elevated in the CIBP+BBG group
when compared to the CIBP+NS group (Figure 5(d), (i), (j),
(k), (l)).

P2X7R siRNA inhibited BzATP-induced microglial
polarization toward the M1 type and promoted
microglial polarization toward the M2 type in BV2
cell lines

The BV-2 cells have a similar response to LPS stimulation as
primary microglia and have been used in in vitro assays.21

Western blotting analysis was performed to determine the

Figure 4. The expression of P2X7R have elevated in the CIBP group. (a) and (c) Co-immunostaining of P2X7R (green) and Iba-1 (microglial-
specific marker, red) in the spinal dorsal horn of Sham rats and CIBP rats and the percentage of co-expressed in each cell type. **p < .01
versus Iba-1. (b) and (d) Representative immunofluorescence image and quantitative data for analysis showed the P2X7R intensity in the Sham
group and CIBP group on POD 7, 14, 21. Data were presented as mean ± SD (n = 4 per group). ***p < .001 versus Sham group. (e) and (f)
Representative Western blotting bands and quantitative data for analysis showed the protein expression levels of P2X7R in the Sham group
and CIBP group on POD 7, 14, 21. β-actin was used as an internal control. Data were presented as mean ± SD (n = 4 per group). ***p < .001
versus Sham group.
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efficiency of transfection, then, P2X7siRNA3, which showed the
highest silencing efficiency was selected (Supplementary File 2).
BzATP, a synthetic agonist of ATP that binds the P2X receptor,
revealed a higher potency relative to ATP in activating P2X7R.22

The experimental groups were stimulated for 30 min using 1ug/
ml LPS, and the culture medium was discarded. Cells were then
cultured in fresh medium supplemented with BzATP (300μM, #
112988-15-4, Sigma-Aldrich, Mo, USA) to establish a cell
model ofmicroglial activation.The activationmodel of BV2 cells
and the timing of administration were derived from references..23

Then, we investigated the impact of P2X7RsiRNA on activated
BV2 cells. BzATP exposure significantly elevated the expression
of M1 phenotypic markers, iNOS and CD86 as well as M1-type
related inflammation-promoting factors, TNF-αand IL-18
(Figure 6(a), (b), (c), (g), (h)). However, expression levels of
M2 phenotypic markers (CD163 and Arg-1) as well as M2-type
related cytokines (IL-10 and IL-4) were suppressed (Figure 6(d),
(e), (f), (i), (j)). Pretreatment with P2X7R siRNA reversed
BzATP-induced changes in protein levels of CD86, iNOS,

CD163, Arg-1, while regulating TNF-α, IL-18, IL-4, and IL-10
mRNA expressions (p < .05). These findings imply that
P2X7RsiRNA can suppress BzATP-induced microglial polari-
zation toward the M1 type.

Discussion

CIBP is a complex state that is characterized by high neu-
ropathic and inflammation-related pain as well as cancer-
associated pain.24 The specific mechanisms of CIBP have not
been clearly elucidated. We inoculated Walker 256 rat breast
cancer cells into the tibial cavity, thereby triggering me-
chanical allodynia, pathologic fracture, and osteolysis. These
findings are consistent with those of previous studies.25 This
confirmed the accurate establishment of BCP rat models.

Inhibition of microglial polarization toward the M1 phe-
notype, or promotion of microglial polarization toward the M2
phenotype can relieve pain. Li et al.26 reported that PPARγ
inhibits neuropathic pain by down-regulating CX3CR1 and

Figure 5. The P2X7R-specific inhibitor BBG can effectively alleviate CIBP and reduce the polarization of microglia to M1 type. (a) PWT in the
Sham +NS, Sham+ BBG, CIBP +NS, and CIBP + BBG group were examined on baseline (1 day before surgery) and POD 4, 7, 11, 14, 17, 21.
Data were presented as mean ± SD (n = 8 per group). ****p < .0001 versus CIBP+NS group. (B) NSF in the Sham + NS, Sham + BBG,
CIBP+NS, and CIBP+BBG group were examined on baseline (1 day before surgery) and POD 4, 7, 11, 14, 17, 21. Data were presented as mean
± SD (n = 8 per group). ****p < .0001 versus CIBP+NS group. (c), (e), (f), (g), (h) Representative Western blotting bands and quantitative
analysis showed the protein expression levels of CD86, iNOS, TNF-α, and IL-18 in the Sham+NS, Sham+ BBG, CIBP+NS, and CIBP+BBG
group. β-actin was used as an internal control. Data were presented as mean ± SD (n = 4 per group). **p < .01 versus Sham+NS group; ***p <
.001 versus Sham+NS group; #p < .05 versus CIBP+NS group; ###p < .001 versus CIBP+NS group. (d), (i), (j), (k), (l) Representative
Western blotting bands and quantitative analysis showed the protein expression levels of CD163, Arg-1, IL-4, and IL-10 in the Sham+NS,
Sham+ BBG, CIBP+NS, and CIBP+BBG group. β-actin was used as an internal control. Data were presented as mean ± SD (n = 4 per group).
**p < .01 versus Sham+NS group; ***p < .001 versus Sham+NS group; ##p < .01 versus CIBP+NS group; ###p < .001 versus CIBP+NS group.
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suppressing M1 polarization of spinal microglia in rats. Jin
et al.27 showed that M2 polarization of microglia can improve
Alzheimer’s disease–associated neuropathic pain. We found
that microglia is polarized toward the M1 phenotype in the
spinal cords of CIBP rat models.

Besides, P2X7R has been shown to induce and maintain
chronic pain.28 Hu et al.29 reported that intra-amygdala mi-
croinfusion of a P2X7R antagonist inhibits the activation of
astrocytes andmicroglia and relieves neuropathic pain. Li et al.30

reported that treatment with MiR-187-3p mimics alleviated pain
hypersensitivity associated with ischemia-reperfusion-induced
by suppressing P2X7R and reducing IL-1β generation in the
spinal cords of mice. However, the role of P2X7R in CIBP has
not been explored. We found that P2X7R is highly expressed in
the microglia, and the occurrence of CIBP reflects upregulation
of P2X7R activation. Consistent with a previous study, our
analysis demonstrated that a P2X7R-specific inhibitor, BBG,
can effectively alleviate CIBP. 31

Figure 6. P2X7RsiRNA can reduce the polarization of microglia to M1 induced by BzATP. (a), (b), (c) RepresentativeWestern blotting bands
and quantitative analysis showed the protein expression levels of CD86 and iNOS in the Control+NCsiRNA, Control+P2X7RsiRNA,
LPS+BzATP+NCsiRNA, and LPS+BzATP+P2X7RsiRNA group. β-actin was used as an internal control. Data were presented as mean ± SD
(n = 4 per group). **p < .01 versus Control+NCsiRNA group; ***p < .001 versus Control+NCsiRNA group; ###p < .001 versus
LPS+BzATP+NCsiRNA group. (D), (E), (F) RepresentativeWestern blotting bands and quantitative analysis showed the protein expression
levels of CD163 and Arg-1 in the Control+NCsiRNA, Control+P2X7RsiRNA, LPS+BzATP+NCsiRNA, and LPS+BzATP+P2X7RsiRNA
group. β-actin was used as an internal control. Data were presented as mean ± SD (n = 4 per group). ***p < .001 versus Control+NCsiRNA
group; ###p < .001 versus LPS+BzATP+NCsiRNA group. (g), (h), (i), (j) Relative mRNA expression levels of IL-18, TNF-α, IL-4, and IL-10 in
the Control+NCsiRNA, Control+P2X7RsiRNA, LPS+BzATP+NCsiRNA, and LPS+BzATP+P2X7RsiRNA group. Data were presented as
mean ± SD (n = 4 per group). *p < 0.05 versus Control+NCsiRNA group; ***p < 0.001 versus Control+NCsiRNA group; #p < 0.05 versus
LPS+BzATP+NCsiRNA group; ##p < 0.01 versus LPS+BzATP+NCsiRNA group; ###p < 0.001 versus LPS+BzATP+NCsiRNA group.
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Spinal microglia is involved in the development of
chronic pain, including cancer-associated pain.32 Imbal-
anced microglial polarization promotes the development of
neuroinflammatory damage.33,34 Recent studies have re-
ported that P2X7R may be involved in microglial polar-
ization. For instance, Gui et al.35 reported that BTX-A
promoted microglial M2 polarization and alleviated CCI-
induced neuropathic pain by inhibiting the P2X7 receptor.
Higashi et al.18 reported that the release of endogenous zinc
was induced by cerebral ischemia-reperfusion, which ac-
tivated microglial polarization toward M1 by activating the
P2X7 receptor, and the release of inflammation-promoting
cytokines, leading to deficits in object recognition memory.
However, the roles of P2X7R in CIBP development have
not been clearly elucidated. We found that elevated P2X7R
levels induced spinal microglial transformation toward the
M1 phenotype, accompanied by secretion of TNF-α and
IL-18. Treatment with BBG, a P2X7R-specific antagonist,
or P2X7RsiRNA, significantly elevated the expression
levels of M2 phenotypic markers (CD163, Arg-1) and anti-
inflammatory cytokines (IL-10, IL-4), while suppressing
the expressions of M1 phenotypic markers (iNOS, CD86)
and pro-inflammatory cytokines (TNF-α, IL-18), in vivo
and in vitro. Systematic antagonism of TNF-α, IL-18

significantly alleviated tactile hypersensitivity and spon-
taneous bone cancer.36 Besides, intrathecal injection of
TNF-α can evoke pain hypersensitization, even in naive
animals.37 Expressions of IL-10 or IL-4 in microglia can
induce mechanical antiallodynia in CIBP.38,39 Therefore,
P2X7R is involved in modulation of microglial polariza-
tion toward the M1/M2 phenotypes.

Conclusion

P2X7R induces microglial polarization toward the M1
phenotype in cancer-induced bone pain rat models. There-
fore, P2X7R is a potential therapeutic target for CIBP.

Supplemental result:

Supplementary Figure 1. Screening of P2X7R siRNA. (A)
and (B) Representative Western blotting bands and quanti-
tative analysis showed the protein expression levels of
P2X7R in the NCsiRNA, P2X7RsiRNA1, P2X7RsiRNA2,
P2X7RsiRNA3group. β-actin was used as an internal control.
Data were presented as mean ± SD (n = 4 per group). **p <
.01 vs NCsiRNA group; ##p < .01 vs P2X7RsiRNA2 group.

Appendix

Notation

CIBP cancer-induced bone pain
P2X7R P2X7 receptor
PWT Paw withdrawal thresholds
NSF Number of spontaneous flinches
BBG Brilliant blue G
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