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Abstract
Bone cancer pain (BCP) seriously affects the quality of life; however, due to its complex mechanism, the clinical treatment was
unsatisfactory. Recent studies have showed several Rac-specific guanine nucleotide exchange factors (GEFs) that affect de-
velopment and structure of neuronal processes play a vital role in the regulation of chronic pain. P-Rex2 is one of GEFs that
regulate spine density, and the present study was performed to examine the effect of P-Rex2 on the development of BCP.
Tumor cells implantation induced the mechanical hyperalgesia, which was accompanied by an increase in spinal protein P-Rex2,
phosphorylated Rac1 (p-Rac1) and phosphorylated GluR1 (p-GluR1), and number of spines. Intrathecal injection a P-Rex2-
targeting RNAi lentivirus relieved BCP and reduced the expression of P-Rex2, p-Rac1, p-GluR1, and number of spines in the
BCP mice. Meanwhile, P-Rex2 knockdown reversed BCP-enhanced AMPA receptor (AMPAR)-induced current in dorsal horn
neurons. In summary, this study suggested that P-Rex2 regulated GluR1-containing AMPAR trafficking and spine morphology via
Rac1/pGluR1 pathway is a fundamental pathogenesis of BCP. Our findings provide a better understanding of the function of P-
Rex2 as a possible therapeutic target for relieving BCP.
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Introduction

Approximately 70% of patients with advanced stage cancer
are estimated to suffer varying degrees of bone cancer pain
(BCP).1 BCP substantially aggravates suppressed emotion,
impairs social functioning, and reduces quality of life, leading
to increased morbidity and mortality.2 Despite the availability
of bisphosphonates, nonsteroidal anti-inflammatory drugs
and analgesics, Over 50% of patients with BCP report limited
pain relief and adverse side effects due to lack of deeper
insights into molecular mechanisms of BCP.3

Mechanisms of BCP are complex, including both in-
flammation and neuropathic components involving var-
ious interactions among tumor cells, bone cells,
inflammatory cells, and neurons.4,5 These complex pro-
cesses are modified at the level of peripheral tissues and
nerves, as well as at higher levels of the nervous system
such as the spinal cord and brain.6–8 Recent work has
recognized that synaptic plasticity of excitatory synapses
is function as a prime mechanism underlying BCP.9–11

α-Amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
receptor (AMPAR) is glutamate-gated ion channels which
is implicated in fast excitatory synaptic transmission in
the central nervous system.12 The alterations of properties
and postsynaptic abundance of AMPAR—their number,
composition, and translocation to synapses play a pivotal
role in various forms of synaptic plasticity.13–15 Several
studies have showed that bone cancer triggered AMPAR
membrane trafficking at synapses of spinal dorsal horn

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE

and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

1Department of Anesthesiology, Beijing Tiantan Hospital, Capital Medical
University, Beijing, People Republic of China
2Institute of Anesthesiology & Pain (IAP), Department of Anesthesiology,
Taihe Hospital, Hubei University of Medicine, Shiyan, Hubei, China

Corresponding Author:
YanqiongWu,Department of Anesthesiology, Institute of Anesthesiology &Pain,
Taihe Hospital, Hubei University of Medicine, Shiyan, 442000, China.
Email: 370958160@qq.com

https://us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/17448069221076460
https://journals.sagepub.com/home/mpx
https://orcid.org/0000-0002-3001-0061
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
mailto:370958160@qq.com


neurons and induced BCP.9,16 However, specific molec-
ular modulation of AMPAR after BCP is unknown.

The modification of spine structure and function plays a
role in underlying synaptic and behavioral plasticity.17 Since
the development and structural remodeling of dendrites and
spines depends on actin cytoskeletal reorganization, it is
possible that AMPAR regulates dendritic growth and spine
morphogenesis by modulating the activity of the actin
cytoskeleton.18–20 The Rho family of small GTPases is
critically involved in the regulation of the spine actin cyto-
skeleton, notably Rac1.21,22 Activation of Rac1 promotes
actin polymerization, resulting in the addition and stabili-
zation of dendritic branches as well as the development and
maintenance of spines.23 P-Rex2 is a Rac-specific guanine
nucleotide exchange factor (GEF), which expressed remains
high in adult brain regions undergoing synaptic remodeling.24

P-Rex2 is required for spine and synapse development and it
has been shown that a decrease in P-Rex2 expression results
in reduced spine density.25 However, the overall link among
P-Rex2 and AMPAR in BCP has not been reported.

In the present study, we first implanted carcinoma cells
into the femur of mice to establish a model of BCP. In vivo
and in vitro experiments were performed to examine the
effects of P-Rex2 on the BCP and the relevant mechanisms.

Materials and methods

Animals

Adult male C57BL/6 mice (22 ± 2g) were provided by the
Institute of Laboratory Animal Science, Hubei University of
Medicine were housed in private cages at room temperature
(RT; 20°C) with a 12 h/12 h light/dark cycle and with food
and water available ad libitum. The experimental procedures
and protocols were approved by the Animal Care and Use
Committee of Hubei University of Medicine (Hubei, China)
and were in accordance with the guidelines for pain research
on laboratory animals.

Cell cultures

Mouse Lewis lung cancer (LLC) cells were cultured in RPMI
1640 medium. The cell culture medium contained fetal bovine
serum (10%, FBS, Gibco), penicillin (50 U/mL), and strepto-
mycin (50 μg/mL). The LLC cells were cultured in a sterile cell
incubator, and the RPMI 1640 medium was replaced every 3
days.

BCP model

BCP model was established by inoculating LLC cells into the
intramedullary space of adult C57BL/6 male according to
previous study.26 Mice were anesthetized with isoflurane (3%
induction and 2% maintenance) and placed on an operating
table covered with insulation blanket. After shaving and

sterilization, an arthrotomy was applied to expose the right
condyles of the distal femur. Then a 30-gauge needle was
inserted into the mice’ femur, and a 5 μL suspension of tumor
cells (5 μL, 1×105 cells) or boiled tumor cells was slowly
injected into the intramedullary space. The injection site was
sealed by bone wax to prevent leakage of tumor cells.

Lentivirus construction and intrathecal injection

Lentiviral vectors with a green fluorescent protein (GFP) were
constructed to stably knockdown the expression of P-Rex2.
The vectors GV493 (hU6-MCS-CBh-gcGFP) and P-Rex2
gene (GenBank accession number NM_109,294) were re-
combined by the Genechem Company (Genechem, Shanghai,
China) and were named as sh P-Rex2. The same vector
frameworks carrying no gene sequence were used as the
negative control lentivirus, named shctrl. The viral titer of the
lentivirus was 8.0×108 TU/ml. The virus was injected intra-
thecally 3 days before the establishment of BCP model. In-
trathecal injection was performed as previously described.27 A
10-mm-long 30-gauge disposable needle with 5 μL LV was
inserted at the midspinal line above the ileac crest. A suc-
cessfully dural puncture was indicated by a reflexive tail flick.

Behavior alanalysis

The behavioral of the mice was tested followed the blind prin-
ciple.Mechanical hyperalgesia of themicewas assessed using the
paw withdrawal mechanical threshold (PWMT) with von Frey
filaments (Stoelting, Wood Dale, IL). Behavioral assays were
carried out on the day before cell implantation (baseline) and then
on days 3, 5, 7, 10, 14, 17, and 21 days after BCP surgery. The
mice were placed individually on metal mesh platforms in the
plexiglass compartments (10 cm×10 cm×15 cm) and habituated
for 30 min to allow acclimatization to the new environment.
During each measurement, von Frey filaments (0.02–2.0 g
bending force) were applied vertically to the ipsilateral hind paw
of the mice, and the force (g) was increased until the paw was
withdrawn or flinched. The 50% PWMTwas defined according
to the up-down method.

Immunofluorescence analysis

For immunofluorescence, spinal cord sections were pre-
treated in 1% Triton X-100 in PBS for 30 min; the slices were
blocked with 5% normal donkey serum in PBS for 10 min at
RT and incubated with primary antibodies overnight at 4°C.
The following primary antibodies were used: rabbit anti- P-
Rex2 antibody (HPA015234, 1:200; Sigma, Munich, Ger-
many), rat anti-NeuN antibody (ab279297, 1:200; Abcam,
Cambridge, United Kingdom), and mouse anti-PSD95 an-
tibody (ab13552, 1:200; Abcam, Cambridge, United King-
dom). After removing primary antibody, the slices were
washed with PBS and incubated with fluorescent conjugated
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secondary antibodies for 1–1.5 h at 37°C. The sections were
examined with a confocal laser microscope (Leica, Germany)

Golgi staining

Mice were deeply anaesthetized with 3% sevoflurane. As
described previously,28the L4–L6 spinal cord segments were
quickly harvested and incubated in the Golgi–Cox solution
(FD Neurotechnologies, Rapid Golgi Kit) for 2 weeks at
room temperature. The Golgi solution was changed 6 h after
the immersion. The fresh brain was then immersed in another
Golgi solution for 1 week in the dark. The spinal cord was
sectioned at 100 μm thickness in a vibrating microtome
and color developed following the instructions from the

manufacturer. The images were acquired with an Olympus
eclipse 80i microscope (Olympus, Japan).

Spinal cord slice preparation and
patch-clamp recordings

The L4 – L6 spinal cord segments were aseptically removed from
the mice under 3.0% sevoflurane anesthesia. The spinal segments
were then sliced into transverse slices (350 μm) and incubated at
22–25°C in preoxygenated artificial cerebrospinal fluid solution
(ACSF). ACSF contained (in mM): NaCl 126,MgCl2 2, KCl 3.5,
NaH2PO4 1.25, NaHCO3 26, CaCl2 2, and D-glucose 10. Lamina
II in lumbar segments was identified as a translucent band by
a television monitor connected to a low light-sensitive charge-

Figure 1. Elevation of P-Rex2 in the spinal dorsal horn initiated by tumor cells implantation. (a) Real-time PCR analysis of P-Rex2 mRNA
expression levels in the ipsilateral spinal cord of BCP mice at the indicated time points. Values were expressed as the mean ±SEM, n = 6 per
group, *p < .05 compared with the sham group. (b)Western blotting analysis of P-Rex2 protein expression levels in the ipsilateral spinal cord
of BCP mice at the indicated time points. Values were expressed as the mean ± SEM, n = 6 per group, *p < .05 compared with the sham group.
(c) Quantification of P-Rex2, NeuN and PSD95 co-localization puncta. Values were expressed as the mean ± SEM, n = 6 per group, *p < .05
compared with the sham group. (d) Representative triple staining images of NeuN (green), P-Rex2 (purple), and excitatory postsynaptic
marker PSD95 (yellow) in the superficial laminae of the spinal dorsal horn of the mice.
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coupled device camera (710M;DVC,USA).29Whole-cell voltage
clamp recordings were made from lamina II neurons using patch
microelectrodes with the tip openings of 1–2 μm and a series
resistance of 3–5 mV. The microelectrodes solution contained (in
mM): KCl 130, CaCl2 0.5, HEPES 10, MgCl2 2, EGTA 10, Mg-
ATP 2, and Na-GTP 0.3. The recording data were analyzed using
Clampfit 9.0 (Axon Instruments, USA). AMPAR-mediated
sEPSC currents were pharmacologically isolated by blocking
excitatory N-methyl-daspartate (NMDA) and inhibitory GABAA
and glycine receptors with d, l-2-amino-5-phosphonopentanoic
acid (AP-5) (50 M), bicuculline (10 M), and strychnine 1 M,
respectively. The sIPSC currents were recorded at 0 mV. The
recording data were analyzed using Clampfit 9.0 (Axon Instru-
ments, USA).

Quantitative real-time polymerase chain reaction

For the quantitative real-time polymerase chain reaction (q-
pcr) analysis, all the mice were deeply anaesthetized with 3%
sevoflurane, and the L4–L6 spinal cord was quickly removed
and stored at �80°C for analysis P-Rex2 mRNA. Total RNA
was extracted from the spinal cord using the Trizol reagent
and reverse transcribed following the previous study.10 The
mRNA primer sequences for mouse P-Rex2 were listed as
follows: GAPDH: F: 50-TGTGTCCGTCGTGGATCTGA-30,
R: 50- CCTGCTTCACCACCTTCTTGA-30; P-Rex2: F: 50-
GCTGCTTGGAGGTCGGAAGAATAC-30, R: 50-CCAT-
CACTGCTGTGTAGTCACTATGTC-30. The expression of
the targeted mRNA was analyzed using the formula 2-(Ct
target gene - Ct reference gene).

Western blot analysis

After being deeply anaesthetized, the L4–L6 spinal cord was
removed and transferred quickly to ice-chilled radio-
immunoprecipitation assay (RIPA) lysis buffer. The

homogenates were centrifuged at 10,000× g for 15 min at 4°C to
separate the total protein from the precipitate. A membrane
compartment protein extraction kit (BioChain Institute, Inc.,
USA) was used to extract the membrane fraction of the dorsal
horn. The concentration of the total protein was measured by the
BCA protein assay kit. The following primary antibodies were
used: rabbit anti- P-Rex2 antibody (1:1000; Sigma), rabbit anti-
Rac1 antibody (1:1000, Abcam), rabbit anti-phospho Rac1 plus
Cdc42 (1:200, Santa Cruz, USA), rabbit anti- GluR1 antibody
(1:1000, Abcam), and rabbit anti-pGluR1 antibody (1:1000,
Abcam). Western blot assay was performed as previously
described.11

Statistical data analysis

All data were analyzed using SPSS 22.0 software, and results
are expressed as means ±standard error of the mean (SEM).
For the behavioral data, 2-tailed Student’s t test (2 groups),
one-way ANOVA, or two-way ANOVA followed by post hoc
Bonferroni’s test. For the other data, comparisons between
two groups were performed using two-tailed unpaired Stu-
dent t-tests; comparisons among various groups were per-
formed using one-way analysis of variance with Tukey post
hoc test. The p < .05 was considered statistically significant.

Results

1. Elevation of P-Rex2 in the spinal dorsal horn
initiated by tumor cells implantation

To detect whether P-Rex2 increased in the development of
BCP, we first examined the expression of P-Rex2 in the lumbar
(L4 –L6) spinal dorsal horn. The result of q-pcr andwestern blot
showed that P-Rex2 mRNA and protein of BCP mice increased
significantly in a time-dependent manner, starting from day 7
after modeling and maintained for day 21, whereas the levels
remained low in sham mice (p < 0.05) (Figures 1(a) and (b)).

We then identify the cellular localization of activated P-Rex2 in
the spinal cord. Triple-label immunofluorescence staining of P-
Rex2 was performed with neurons neuronal nuclei (NeuN) and
PSD95 (an excitatory postsynaptic marker), suggesting that when
compared with sham group, the upregulation of P-Rex2 of BCP
mice mainly occurs in dorsal horn neurons and was colocalized
with PSD95 (p < .05) (Figures 1(c) and (d)). Our data showed that
P-Rex2 upregulated in spinal dorsal horn in BCP mice, which
might play a role in synaptic regulation.

2. P-Rex2 deficiency attenuated the
behavioral hyperalgesia

To further investigate the role of P-Rex2 in BCP, recombinant
RNAi lentivirus-targeting P-Rex2 (shP-Rex2) or the control
lentivirus (shctrl) was intrathecally injected in BCP mice. As
shown in Figure 2, compared with the basic PWMT, injection
of LLC cells into the mice femur induced mechanical

Figure 2. P-Rex2 deficiency attenuated the behavioral
hyperalgesia. Changes in PMWT of the ipsilateral paw in the sham,
BCP, BCP+shP-Rex2, and BCP+shctrl groups in response to von
Frey filaments at the indicated time points. Values were expressed as
the mean ±SEM, n = 8 per group. *p < .05 compared with the
sham group; #p < .05 compared with the BCP+shctrl group. BCP:
bone cancer pain; PMWT: paw withdrawal mechanical threshold.
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hyperalgesia. Treatment with shP-Rex2 but not the shctrl
prevented the reduction of PWMT compared with the BCP
mice (p < .05) (Figure 2). These results suggest that the
upregulation of P-Rex2 promoted the development of BCP.

3. P-Rex2 controls the formation and enlargement of
dendritic spine in the spinal dorsal horn

Since plasticity of synaptic structure and function plays an
essential role in the development of BCP, we then detected

whether P-Rex2 could control the formation and enlarge-
ment of dendritic spine in the spinal dorsal horn. Golgi
staining analysis showed that BCP mice exhibited post-
operative spine formation (p < .05) and enlargement (p <
.05) in the dorsal horn when compared with the sham group
mice (Figure 3(a), (b) and (c)). As expected, shP-Rex2
reduced spine formation (p < .05) and enlargement (p <
.05) (Figure 3(a), (b) and (c)). Together, these results suggest
that P-Rex2 could induce BCP by regulating the remodeling
of synaptic structure.

Figure 3. P-Rex2 controls the formation and enlargement of dendritic spine in the spinal dorsal horn of BCP mice. (a) Representative
photomicrographs of spine morphology in the dorsal horn in the sham, BCP, BCP+shP-Rex2, BCP+shctrl groups 14-day postsurgery. The
spine density (b) and length (c) were assessed. The results were expressed as the mean ±SEM, n = 6 per group. *p < .05 compared with the
sham group; #p < .05 compared with the BCP+shctrl group.

Figure 4. P-Rex2 promoted the phosphorylation level of spinal AMPAR in BCPmice. (a) Double immunostain with p-GluR1 (red) and PSD95
(green) in the superficial laminae of the spinal dorsal horn of the rats. The white arrow points to co-localization puncta. Scale bar: 10 μm.
Quantification of p-GluR1 positive puncta (b) and co-localization puncta (c) in the sham, BCP, BCP+shP-Rex2, and BCP+shctrl groups. Values
were expressed as the mean ±SEM, n=6 per group. *p < .05 compared with the sham group; #p < .05 compared with the BCP+shctrl group. (d)
Western blot analysis of Rac1 and p Rac1 in the sham, BCP, BCP+shP-Rex2, BCP+shctrl groups 14-day postsurgery. Values were expressed
as the mean ±SEM, n = 6 per group. *p < .05 compared with the sham group; #p < .05 compared with the BCP+shctrl group. (e)Western blot
analysis of GluR1and pGluR1 in the sham, BCP, BCP+shP-Rex2, BCP+shctrl groups 14-day postsurgery. Values were expressed as the mean
±SEM, n=6 per group. *p < .05 compared with the sham group; #p < .05 compared with the BCP+shctrl group.
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4. P-Rex2 promoted the phosphorylation level of
spinal AMPAR in BCP mice

To study the molecular mechanism of P-Rex2 on the regu-
lation of spinal excitatory synapses we then measured the
expression and activity of Rac1 and GluR1 activity in BCP

mice. Our data showed that P-GluR1 was colocalized with
PSD95 in the superficial laminae of the dorsal horn (Figure
4(a), (b) and (c)). There was no change in the total protein
expression level of Rac1 and GluR1 between the BCP mice
and sham group mice (p > .05) (Figures 4(d) and (e)).
However, the phosphorylated form of both Rac1 (p-Rac1)

Figure 5. P-Rex2 modulated the electrophysiologic function of spinal AMPA Receptor in BCP. (a) Representative traces of sEPSC in the
dorsal horn neurons of spinal cord slices in the sham, BCP, BCP+shPRex2, BCP+shctrl groups 14-day postsurgery. (b) The amplitude, area,
rise time, decay time, and frequency of sEPSC in the spinal dorsal horn neurons under different conditions were evaluated. The results were
expressed as the mean ± SEM, n = 10 per group. *p < .05 compared with the sham group; #p < .05 compared with the BCP+shctrl group. (c)
Representative traces of sIPSC in the dorsal horn neurons of spinal cord slices in the sham, BCP, BCP+shP-Rex2, BCP+shctrl groups 14-day
postsurgery. (d) The amplitude, area, rise time, decay time, and frequency of sIPSC in the spinal dorsal horn neurons under different
conditions were evaluated. The results were expressed as the mean ± SEM, n = 10 per group.
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and GluR1 (p-GluR1) was significantly increased in the BCP
group than in the sham group (p < .05) (Figures 4(d) and (e)).
Treatment with shP-Rex2 significantly decreased the ex-
pression of p-Rac1 and pGluR1 in the BCP mice, compared
with the BCP+shctrl group (p < .05), and had no effect on the
level of total Rac1 and GluR1. Taken together, these results
suggested that P-Rex2 could contribute to the development of
BCP by regulating the phosphorylation of AMPAR GluR1
trafficking, which was critical in nociceptive synaptic
plasticity.

5. P-Rex2 modulated the electrophysiologic function
of spinal AMPAR in BCP

P-Rex2 could increase the expression of AMPAR p-GluR1 in
BCP mice; however, its effect on AMPAR electrophysiologic
function was still unclear. Thus, the whole-cell patch-clamp
recordings were used to find the functional regulation of
AMPAR by P-Rex2 in BCPmice. The representative traces of
sEPSC in spinal cord dorsal horn neurons after different
interventions are shown in Figure 5a. Compared with the
sham group, the frequency of AMPAR current was decreased
(p < .05), whereas the rise time, amplitude, area, and decay
time of AMPAR current were increased (p < .05) in the BCP
group (Figure 5b). Intriguingly, shP-Rex2 application ap-
parently downregulated the increased the rise time, ampli-
tude, area, and decay time of AMPAR current in BCP mice
((p < .05) (Figure 5b). We then measured the effect of P-Rex2
on sIPSC in spinal cord dorsal horn neurons after different
interventions (Figure 5c). Compared with the sham group, the
frequency, rise time, amplitude, area, and decay time of IPSC
have not changed (p > .05) in the BCP group, BCP+shP-
Rex2, and BCP+shctrl groups (Figure 5d). Together, these
results suggest that P-Rex2 could upregulate the amplitude of
the AMPAR mediated sEPSC, that is, synaptic function re-
modeling and finally contributed to BCP.

Discussion

Cumulative evidence manifests that rapid structural modifi-
cations of central excitatory synapses and altered synaptic
functional plasticity in neurodevelopmental and psychiatric
disorders are tightly correlated.30–32 The dendritic spine
structure is critical for synapse function.33 P-Rex2, GEF that
specifically activates Rac small GTPases, is expressed by
neurons in the peripheral and central nervous systems.25 The
present study was applied to determine the role of P-Rex2 in
the development of the BCP. Our data have showed that P-
Rex2 was upregulated in the spinal dorsal horn of the BCP
mice. Compared with mice from the sham group, tumor cells
implantation induced BCP from the seventh day. Knockdown
of P-Rex2 expression in the dorsal horn by shP-Rex2 alle-
viated the mechanical hyperalgesia in BCP mice. These re-
sults indicated that P-Rex2 participates in the induction and
maintenance of BCP.

The immunofluorescence in the spinal cord showed that P-
Rex2 was colocalized with NeuN and PSD95 which indicated
P-Rex2 mainly expressed in excitatory postsynaptic sites.
Since more than 90% of excitatory synaptic transmission
occurs at dendritic spines,34,35 we then detected the change of
dendritic spines in the spinal dorsal horn. Interestingly, our
data showed that P-Rex2 knockdown decreased the density
and the number of dendritic spine in the spinal dorsal horn of
BCPmice, which was also consistent with previous study that
the decrease of neuronal P-Rex2 leads to abnormalities of
neurite outgrowth and finally result in impaired synaptic
plasticity.36 These results suggested that P-Rex2 participated
in the regulation of excitatory synapses. It was already well
documented that the formation of excitatory synapses could
induce spinal central sensitization and contributes to
BCP.10,11 Thus, we thought P-Rex2 might contribute to BCP
by regulating excitatory synapse in mice.

P-Rex2 is best known for its roles in cancer, although a
vital role in nervous system is emerging.37,38 P-Rex2 can
regulate actin cytoskeleton remodeling by activating Rac
GTPases. In the nervous system, Rac1 activity is essential for
neurite outgrowth, dendrite branching, and axon pathfind-
ing.39 Rac1 can increase available anchoring sites in the actin
cytoskeleton and induce the clustering of AMPAR in
spines.40,41 Several lines of evidence have showed that the
surface trafficking of GluR1 AMPAR from cytosol to post-
synaptic membrane lead to nociceptive synaptic plasticity and
central sensitization.42 GluR1 is mainly expressed in su-
perficial layer of spinal dorsal horn and funtion as an initial
part of the signal related to the transmission and regulation of
pain.43 In this study, our result showed that the phosphory-
lated form of both Rac1 (p-Rac1) and GluR1 (p-GluR1) was
significantly increased in the BCP group than in the sham
group. Treatment with shP-Rex2 significantly inhibited the
upregulation of p-Rac1 and pGluR1 in the BCP group. These
results suggested that spinal P-Rex2/Rac1/GluR1 activation
promoted BCP development. GluR1 AMPAR is highly
permeable to Ca2+, which can induce the Ca2+ influx and
participate in the regulation of synapses transmission and
neuronal excitability.44 Our data showed that, compared with
the sham group, the rise time, amplitude, area, and decay time
of AMPAR current was increased in BCP group, whereas the
frequency of AMPAR current was decreased. We speculate
that the whole-cell voltage clamp recordings were detected in
vitro, and the loss of peripheral noxious stimulation of the
spinal cord slices might lead to a decrease in AMPAR current
frequency. However, further studies should be needed to
explore the specific mechanism. Intriguingly, shP-Rex2 ap-
plication apparently downregulated the increased rise time,
amplitude, area, and decay time of AMPAR current in BCP
mice. These results suggested that spinal P-Rex2 can regulate
synaptic plasticity through postsynaptic mechanism and ul-
timately mediate BCP.

In summary, the expression level of P-Rex2 was markedly
increased in the spinal dorsal horn of BCP mice. Knockdown
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of P-Rex2 expression in the spinal dorsal horn could attenuate
the mechanical hyperalgesia in the BCP mice. P-Rex2 me-
diated excitatory synaptic transmission by regulating Rac1/
pGluR1 pathway and reducing the clustering and trafficking
of pGluR1 to postsynaptic membranes. These findings
suggest that P-Rex2 might be a potential therapeutic target for
alleviating BCP.
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