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R E S E A R C H A R T I C L E

Rab8a/SNARE complex activation promotes vesicle
anchoring and transport in spinal astrocytes to drive
neuropathic pain
Yunqiao Xiao 1,2#, Gengyi Wang 2#, Guiqiong He 2, Wanxiang Qin 3, and Ying Shi 4∗

Neuropathic pain (NPP) remains a clinically challenging condition, driven by the activation of spinal astrocytes and the complex release
of inflammatory mediators. This study aimed to examine the roles of Rab8a and SNARE complex proteins in activated astrocytes to
uncover the underlying mechanisms of NPP. The research was conducted using a rat model with chronic constriction injury (CCI) of the
sciatic nerve and primary astrocytes treated with lipopolysaccharide (LPS). Enhanced expression of Rab8a was noted specifically in
spinal dorsal horn astrocytes through immunofluorescence (IF). Electron microscopy (EM) observations showed increased vesicular
transport and exocytic activity in activated astrocytes, which was corroborated by elevated levels of inflammatory cytokines, such as
interleukin (IL)-1β and tumor necrosis factor (TNF)-α detected through quantitative PCR. Western blot analyses confirmed significant
upregulation of Rab8a, VAMP2, and Syntaxin16 in these cells. Furthermore, the application of botulinum neurotoxin type A (BONT/A)
reduced the levels of vesicle transport-associated proteins, inhibiting vesicular transport in activated astrocytes. These findings
suggest that the Rab8a/SNARE pathway in astrocytes enhances vesicle transport and anchoring, increasing the secretion of bioactive
molecules that may play a crucial role in the pathophysiology of NPP. Inhibiting this pathway with BONT/A offers a novel therapeutic
target for managing NPP, highlighting its potential utility in clinical interventions.
Keywords: Neuropathic pain (NPP), astrocytes, Rab8a, vesicular transport, SNARE proteins.

Introduction
Neuropathic pain (NPP) represents a global therapeutic
challenge characterized by complex pathophysiological
mechanisms and a lack of effective clinical analgesics [1–5]. The
functional specificity of cortical networks and their projection
targets in the pain process occurs at least on four interconnected
levels: dynamic activity states within the cortical network;
functionally distinct subdomains; specific circuit connections
that distinguish pain from other functions; and co-active cell
assemblies [6]. Among these, intercellular communication and
molecular signaling pathways within specific circuit connec-
tions play a pivotal role in the sensitization and regulation of
nociceptive pathways in the sensory nervous system and the
pathological process of NPP [7–10].

Astrocytes, distinguishable by their expression of glial fib-
rillary acidic protein (GFAP) across all major branches and
processes, dynamically modulate in response to injury through
gap junction protein complexes that physically couple adja-
cent cells, allowing free exchange of ions and cytoplasmic
components [11]. Inhibition of astrocyte activation can signifi-
cantly alleviate pain caused by peripheral nerve damage in the
early stages of NPP [12–14]. Astrocytes mediate intercellular

communication within the nervous system through the pro-
duction and secretion of neuroactive substances [15–17]. Injury
signals drive phenotypic transformation of astrocytes and the
release of inflammatory mediators, playing roles in central and
peripheral sensitization and participating in the progression
of NPP. An important characteristic of their activation is the
increased release of bioactive molecules such as inflammatory
factors, ATP, and glutamate [18–24].

Furthermore, astrocytes contain vesicles that store and
release bioactive molecules in an activity-dependent manner,
a principal mechanism in the pathophysiology of neurodegen-
erative diseases [25–31]. However, the specific mechanisms by
which astrocytes in NPP increase the secretion of bioactive
molecules remain unclear [32], complicating the identification
of targets for intervention.

Rab proteins, acting as molecular switches in vesicle trans-
port, interact with upstream regulators and downstream effec-
tors, playing a critical role in vesicle movement, docking,
and fusion [33, 34]. In their active GTP-bound form, Rab pro-
teins activate downstream effector proteins, recruit cytoplas-
mic adhesion factors, and regulate vesicle dynamics [35–42].
The fusion of vesicles with the cell membrane also relies on
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a set of transmembrane proteins known as the soluble N-
ethylmaleimide-Sensitive factor attachment protein receptor
(SNARE) complex, which provides the molecular basis for
directed vesicle transport, targeting, docking, and membrane
fusion [43–45]. Currently, the role of Rab8a in vesicle release
processes in spinal astrocytes has not been reported. Thus, this
study aims to examine the modification of Rab8a in activated
astrocytes using a rat model with sciatic nerve ligation and
lipopolysaccharide (LPS)-treated primary astrocytes to inves-
tigate its role in SNARE complex formation and vesicle trans-
port and to explore the impact of the Rab8a/SNARE signaling
pathway on NPP and its mechanisms. By revealing the role of
this signaling pathway in regulating astrocyte vesicle transport
and secretion functions, we aim to provide a new perspective on
the molecular mechanisms of NPP and lay the groundwork for
developing targeted therapeutic strategies, which hold signifi-
cant scientific and clinical relevance.

Materials and methods
Experimental animal models
Male Sprague–Dawley (SD) rats, aged 7–8 weeks (200–230 g),
were obtained from the Experimental Animal Research Insti-
tute of the Army Medical University. These rats were housed
in a controlled environment at 25 °C with a 12-h light/dark
cycle, with free access to food and water. The animal experi-
mental processes were approved by the Ethnic Committee of
The First Affiliated Hospital of Chongqing Medical University
(AMUWEC20210719) and conducted in strict accordance with
the standard of the Guide for the Care and Use of Laboratory
Animals published by the Ministry of Science and Technology
of the People’s Republic of China in 2006.

Induction of NPP through chronic constriction injury (CCI)
Ten SD rats (aged 7–8 weeks, weighing 200–230 g) were
utilized. The sample size calculation was based on setting
the range of acceptable degrees of freedom (DF) for analysis
of variance (ANOVA) between 10 and 20. Let N represents
the total number of subjects, k represents the number of
groups, and n represents the number of subjects per group,
calculated as n = DF/k + 1. Hence, the minimum total sample
size N(min) was determined to be 6, and the maximum total
sample size N(max) was 11 [46]. The ten rats were randomly
divided into two groups: a normal group (control group, n = 5)
and a chronic constriction injury (CCI) group (ligation group,
n = 5). Each group underwent specific procedures: the normal
group received a sham operation without ligation; the CCI
group was subjected to a procedure established in previous
studies [47]. Briefly, a blunt dissection was performed in the
biceps femoris, exposing the common sciatic nerve at the
mid-thigh level. Approximately 1 cm of the nerve was freed
from the surrounding connective tissue near its trifurcation,
and three loops of 4.0 non-absorbable surgical suture (Shanghai
Fosun) were loosely tied around it at 1 mm intervals. Under
30× magnification, these ties did not significantly compress the
nerve’s diameter but did induce slight and transient twitches in
the muscles innervated by the sciatic nerve. The test animals
were subsequently maintained for 14 days.

Astrocyte culture
Primary astrocytes were prepared from one-day-old SD rats,
following the procedure described by Schildge et al. [48]. These
cells were isolated from the cerebral cortex and subsequently
cultured in 25 cm2 flasks precoated with 50 μg/mL poly-D-
lysine. The culture medium used was DMEM (Gibco, New York,
USA) supplemented with 10% heat-inactivated fetal bovine
serum and 1% penicillin–streptomycin (Beyotime, Shanghai,
China). The cultures were maintained under conditions of 5%
CO2 at 37 °C. The medium was replaced the day following the
initial culture and thereafter every two days. On the seventh
day, the cultures were placed on a rotating shaker at 37 °C for 6 h
(240 rpm) to detach microglial and oligodendrocyte precursor
cells. Following this, the medium was discarded, and the astro-
cytes were cultured at a final density of 1.2 × 106 cells per well
in 6-well plates and 4 × 104 cells per well in 96-well plates for
subsequent cell counting kit-8 (CCK8) assay.

In the drug treatment groups, astrocytes were co-incubated
with LPS (100 ng/mL) and botulinum toxin A (BONT/A)
(0.1 U/mL) for 1 h [49–52]. In this study, LPS was used as a
cell activator and BONT/A as a vesicular secretion inhibitor.
Immunofluorescence (IF) staining with GFAP (an astrocyte
marker, BM-0055, Bioss, Wuhan, China) was performed to
identify the astrocytes. A high-purity population of astrocytes
(over 95% GFAP-positive) was obtained [53]. To ensure cell
culture quality, high-quality fetal bovine serum and culture
medium, along with sterile plastic products designed specifi-
cally for tissue culture, were used. To prevent microbial con-
tamination, 100 U/mL penicillin–streptomycin (Bi Yun Tian,
C0222) was employed to protect against cellular contamination.
Mycoplasma testing was performed prior to experiments to
exclude mycoplasma infections.

Cell viability assay
Cell viability was assessed using CCK-8 (Bioss, Beijing, China).
Astrocytes were cultured in 96-well plates for 24 h. Following
treatment with LPS (100 ng/mL) for 24 h, CCK-8 solution was
added to each well and incubated at 37 °C for 2 h. Absorbance
was measured at 450 nm using a microplate reader.

Immunohistochemistry (IHC)
Spinal cord tissues from CCI rats were collected on day
14 post-sciatic nerve ligation. Rats were deeply anesthetized
with isoflurane (2%–2.5%, airflow 500–700 mL/min) and then
perfused intracardially with 4% paraformaldehyde (Sigma)
pre-cooled to 4 °C. The spinal cord was quickly removed and
immersed in 4% paraformaldehyde at 4 °C overnight. After fix-
ation, the spinal cord was dehydrated, and the lumbar enlarge-
ment region was sectioned into 16-μm thick slices. Endogenous
peroxidase activity was blocked using 3% H2O2 for 20 min.
Sections were incubated with 10% normal goat serum and anti-
Rab8a antibody (1:150; LifeSpan Biosciences) at 37 °C for 1 h,
followed by overnight incubation at 4 °C. After PBS rinsing,
sections were incubated at 37 °C for 1 h and visualized using an
enhanced nickel-DAB staining reagent for 5 min. IHC images
were captured using a microscope (Leica). Five random spinal
cord sections were selected by two experienced pathologists in a
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blinded manner, and the average optical density of all positively
stained astrocytes in the selected fields was measured and ana-
lyzed using Image-Pro Plus 6.0.

Immunofluorescence (IF) staining
For double-labeling IF experiments on spinal cord sections,
prepared slices were treated with 3% H2O2 for 20 min to sup-
press endogenous peroxidase activity. The sections were then
incubated at 37 °C for 1 h, followed by overnight treatment at
4 °C with 10% normal goat serum. Subsequently, the slices were
incubated with anti-GFAP monoclonal antibody (1:250, Bioss) at
37 °C for 1 h, followed by co-incubation with anti-Rab8a poly-
clonal antibody (1:150, LifeSpan Biosciences) at 37 °C for 1 h, and
then overnight at 4 °C. FITC-conjugated goat anti-mouse anti-
body (1:500, Abcam, UK) and Cy3-conjugated goat anti-rabbit
antibody (1:600, Jackson ImmunoResearch, USA) were added
and incubated at 37 °C for 1 h. Finally, nuclei were stained
with 4′,6-diamidino-2-phenylindole (DAPI) (Sigma, USA) and
analyzed by two experienced pathologists in a blinded manner
using a laser scanning confocal microscope (Olympus, Japan).

For IF staining experiments detecting GFAP in astrocytes,
astrocytes grown on microscope slides were fixed in 4%
paraformaldehyde at 37 °C for 30 min, followed by incubation
in 5% BSA at 37 °C for 1 h and then overnight incubated with
anti-GFAP monoclonal antibody (1:250, Bioss) at 4 °C. The cells
were then incubated at 37 °C for 1 h with FITC-conjugated goat
anti-mouse antibody (1:500, Abcam, UK). Nuclei were visual-
ized with DAPI staining (Bioss, Beijing, China), and images were
captured using a microscope (Leica).

In the double-labeling, IF experiments, astrocytes grown on
microscope slides were fixed with 4% paraformaldehyde at 37 °C
for 30 min, then incubated in 5% BSA at 37 °C for 1 h, fol-
lowed by overnight incubation with anti-Rab8a polyclonal anti-
body (1:250, LifeSpan Biosciences) at 4 °C. FITC-conjugated goat
anti-mouse antibody (1:500, Abcam, UK) and Cy3-conjugated
goat anti-rabbit antibody (1:600, Jackson ImmunoResearch,
USA) were added and incubated at 37 °C for 1 h. Nuclei were
stained with DAPI (Cat# D9542-5MG, Sigma, USA) and analyzed
using a laser scanning confocal microscope (Leica).

Western blot (WB) assay
Cell lysates were collected from primary astrocyte cultures in
RIPA buffer containing a protease inhibitor cocktail for Western
blot analysis 1-h post-LPS stimulation. The reaction mixtures
were centrifuged at 12,000 × g for 15 min at 4 °C. Samples
containing 2 μg of protein were heated at 100 °C for 5 min
in a loading buffer (5× Loading Buffer, Beyotime, Shanghai,
China). Separation was conducted using polyacrylamide gels
(10%–12.5%, Epizyme, Beijing, China). Following membrane
transfer, the membranes were incubated overnight at 4 °C with
anti-GFAP monoclonal antibody (1:1000, Bioss), anti-Rab8a
polyclonal antibody (1:1000, LifeSpan), anti-VAMP2 polyclonal
antibody (1:1000, Cell Signaling), anti-Syntaxin16 polyclonal
antibody (1:1000, Cell Signaling), and anti-β-actin (1:1000, Pro-
teintech). The membranes were then incubated for 1 h with
horseradish peroxidase-conjugated secondary antibodies and
visualized using ECL solution (Biosharp, Shanghai, China).

Immunocomplexes were detected using the Bio-Rad system,
and relative immunoreactivity levels were quantified using
Image Lab software.

Quantitative real-time polymerase chain reaction (qPCR)
Total RNA from astrocytes was isolated using the RNAeasy™
animal RNA isolation kit with the spin column, following the
manufacturer’s instructions (Beyotime, Shanghai, China). RNA
sample transcription was repeated using the PrimeScript™ RT
reagent kit with gDNA Eraser (Takara, Japan), according to the
manufacturer’s instructions. Real-time qPCR was conducted
using SYBR Premix Ex Taq II (Takara). The thermal cycling
program included a 10-min pre-incubation at 95 °C, followed by
45 cycles of 10 s at 95 °C, 30 s at 60 °C, and 60 s at 65 °C. The
specificity of the PCR products was verified through melt curve
analysis.

Electron microscopy (EM)
Astrocytes were co-incubated with LPS (100 ng/mL) or LPS
(100 ng/mL) and BONT/A (0.1 U/mL) for 24 h. Cells were then
detached using a 0.025% trypsin-EDTA solution and fixed with
2.5% glutaraldehyde at 4 °C for 12 h. The prepared cells were
further fixed with 1% osmium tetroxide at 4 °C for 1 h. After gra-
dient dehydration, the cells were embedded in resin. Embedded
cell sections were then observed under a transmission EM.

Ethical statement
The animal experimental processes were approved by the
Ethics Committee of Third Military Medical university
(AMUWEC20210719) and conducted in strict accordance with
the standard of the Guide for the Care and Use of Laboratory
Animals published by the Ministry of Science and Technology
of the People’s Republic of China in 2006.

Statistical analysis
All statistical analyses were conducted using version 4.2.1 of
R (R Foundation for Statistical Computing). Quantitative data
in this study were analyzed using GraphPad Prism version
9.5.0. Data were presented as mean ± standard deviation. Ini-
tially, tests for normality and homogeneity of variance were
performed. If the data were normally distributed and the vari-
ances were homogeneous, unpaired t-tests were used to com-
pare differences between the two groups. One-way ANOVA
was employed to compare differences among multiple groups,
followed by Tukey’s post-hoc test for pairwise comparisons.
A P < 0.05 was considered statistically significant, while a
P < 0.01 was considered highly significant.

Results
Activation of astrocytes and increased Rab8a expression in the
spinal dorsal horn of CCI rats
In our study of the sciatic nerve ligation model in rats, we
conducted IHC and IF staining to investigate the potential mech-
anisms related to astrocytes in NPP. IHC analysis revealed a sig-
nificant increase in Rab8a expression in the spinal dorsal horn
of rats subjected to sciatic nerve ligation compared to controls
(Figure 1A and 1B, P < 0.01).
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Figure 1. Activation of astrocytes and Rab8a expression in the spinal dorsal horn of CCI rats. (A) IHC staining of Rab8a in the spinal dorsal horn of CCI
rats; (B) Quantitative analysis of Rab8a protein in the spinal dorsal horn of CCI rats; (C) IF staining in the spinal dorsal horn of CCI rats, showing GFAP-positive
cells (green fluorescence) and the distribution of Rab8a (red fluorescence). **P < 0.01. CCI: Chronic constriction injury; IHC: Immunohistochemistry; GFAP:
Glial fibrillary acidic protein.

IF staining further explored the distribution of Rab8a in
the spinal dorsal horn. GFAP (green fluorescence), a marker of
astrocytes, showed a notable increase in the NPP model, indicat-
ing the activation of astrocytes. Rab8a (red fluorescence) stain-
ing was observed in various cell types within the spinal dorsal
horn, but a significant increase in Rab8a expression was evident
in activated astrocytes (Figure 1C). These findings highlight the
association between Rab8a expression and astrocyte activation,
suggesting its potential importance in the pathophysiology of
NPP.

Upregulation of cytokine expression in LPS-induced activated
astrocytes
LPS is commonly utilized to simulate inflammatory responses,
prompting a series of experiments to investigate its effects on
astrocytes. Initially, we assessed the viability of astrocytes to
gauge the activating effect of LPS. The results demonstrated a
significant increase in the survival rate of astrocytes cultured
with LPS compared to the control group (Figure 2A, P < 0.05).

IF and Western blot analyses revealed a significant increase
in the expression of the GFAP protein in cells treated with
LPS (Figure 2B, P < 0.05). Moreover, compared to the control
group, cells in the LPS group exhibited increased cell volume
and shorter, thicker processes (Figure 2C). This phenomenon

likely reflects the morphological changes of astrocytes under
LPS treatment, further supporting their activated state.

Further analysis through qPCR was conducted to measure
the mRNA levels of pro-inflammatory cytokines, including
TNF-α and IL-1β, in activated astrocytes. The results showed
significant upregulation of TNF-α and IL-1β mRNA levels in
activated astrocytes (Figure 3A and 3B, P < 0.001).

In summary, our findings reveal the activating effects of
LPS on astrocytes, including increased cell viability, elevated
expression of GFAP protein, morphological changes, and the
upregulation of pro-inflammatory cytokines TNF-α and IL-1β
mRNA levels in activated astrocytes.

Increased vesicular transport in LPS-induced activated
astrocytes
To investigate changes in vesicular transport within activated
astrocytes, EM was employed to examine vesicular transport.
In the LPS-treated group, the Golgi apparatus was increased and
enlarged, with more Golgi vesicles around the trans-Golgi net-
work (TGN). Mitochondrial numbers were increased, showing
swollen, spherical forms with reduced cristae. The quantity of
vesicles in activated astrocytes was higher in the LPS group,
with vesicles accumulating near the cell membrane (Figure 4A
and 4B).
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Figure 2. The effects of LPS on astrocytes. (A) The survival rate of astrocytes post-LPS treatment; (B) GFAP protein expression in astrocytes post-LPS
treatment detected by Western blot; (C) IF staining of astrocytes post-LPS treatment, showing GFAP-positive cells (green fluorescence) and morphological
changes. *P < 0.05. GFAP: Glial fibrillary acidic protein; LPS: Lipopolysaccharide; IF: Immunofluorescence.
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Figure 3. Expression of cytokines in activated astrocytes. (A) qPCR detection of TNF-α mRNA levels in astrocytes post-LPS treatment; (B) qPCR detection
of IL-1β mRNA levels in astrocytes post-LPS treatment. ***P < 0.001. LPS: Lipopolysaccharide; qPCR: Quantitative real-time polymerase chain reaction.

Given the molecular basis of vesicle and plasma mem-
brane fusion established by the SNARE complex [44], the
co-expression of Rab8a and VAMP2 in activated astrocytes was
further investigated through IF experiments. It was observed
that the positive IF staining of Rab8a and VAMP2 was more
aggregated in activated astrocytes. Additionally, astrocytes
activated by LPS also exhibited co-localization of Rab8a and
VAMP2 expression, with these proteins displaying a relatively
uniform distribution across various cell types (Figure 5A).

Furthermore, co-localization of Rab8a and Syntaxin16
expression was also observed in astrocytes activated by LPS.
However, the distribution of the positive IF staining for Rab8a
and Syntaxin16 was not entirely consistent across different
activated astrocytes (Figure 5B).

Western blot analysis further examined the expression lev-
els of vesicular transport-related proteins (Rab8a, VAMP2, and
Syntaxin16). The results indicated that, following LPS treat-
ment, the levels of Rab8a, VAMP2, and Syntaxin16 proteins
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Figure 4. Changes in vesicular transport in activated astrocytes. (A) EM observation of vesicular transport in astrocytes post-LPS treatment;
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Figure 5. Levels of vesicular transport-related proteins in activated astrocytes. (A and B) IF staining of VAMP2 and Syntaxin16 in astrocytes post-LPS
treatment; (C–E) Western blot detection of Rab8a and SNARE proteins (VAMP2 and Syntaxin16) levels in astrocytes post-LPS treatment. *P < 0.05,
**P < 0.01. IF: Immunofluorescence; VAMP2: Vesicle-associated membrane protein; SNARE: Soluble N-ethylmaleimide-sensitive factor attachment protein
receptor; LPS: Lipopolysaccharide.

were significantly higher in astrocytes compared to the control
group (Figure 5C–5E, P < 0.05).

These findings reveal increased vesicular transport in
LPS-induced activated astrocytes, accompanied by upregula-
tion of protein levels of Rab8a and SNARE.

BONT/A inhibits vesicular transport in LPS-induced activated
astrocytes
To assess the impact of the vesicular secretion inhibitor
BONT/A on vesicular transport, we conducted Western blot
experiments to detect changes in proteins related to vesicular
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Vesicle-associated membrane protein; BTX: Botulinum toxin.
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transport (Rab8a, VAMP2, and Syntaxin16) in astrocytes acti-
vated by LPS treatment following BONT/A administration. The
results indicated a significant reduction in the expression levels
of Rab8a, VAMP2, and Syntaxin16 proteins in astrocytes treated
with BONT/A (BTX group) compared to those treated with LPS
alone (LPS group) (Figure 6A–6D).

To gain a comprehensive understanding of BONT/A’s effect,
EM was used to evaluate changes in vesicular transport. The
findings demonstrated that vesicular transport within astro-
cytes activated by LPS was significantly inhibited following
BONT/A treatment, evidenced by a decrease in the number of
intracellular vesicles and a marked reduction in vesicle accu-
mulation near the cell membrane (Figure 7A and 7B).

These results reveal the inhibitory effect of BONT/A on
vesicular transport in astrocytes activated by LPS induction.

Discussion
Our research demonstrates that injury signals drive the trans-
formation and activation of astrocytes, leading to increased
release of pain-associated bioactive molecules, such as inflam-
matory factors, ATP, and glutamate. These molecules play
roles in central and peripheral sensitization and contribute
to the progression of NPP [18, 19]. Astrocyte activation is a
heterogeneous process involving multiple molecular, cellu-
lar, and functional changes, including alterations in vesicu-
lar secretion [25, 54–56]. However, the specific mechanisms
underlying vesicle and inflammatory mediator release remain
unclear [32]. Rab8a protein and the SNARE complex are
involved in vesicle-directed transport, targeting docking, and
fusion with the cell membrane [43–45], but their mechanisms
in NPP have yet to be confirmed.
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Figure 8. Activated Rab8a/SNARE complex drives the molecular mechanism of NPP by promoting vesicle anchoring and transportation in
spinal astrocytes. NPP: Neuropathic pain; GTP: Guanosine triphosphate; VAMP2: Vesicle-associated membrane protein; V-SNARE: Vesicle soluble
N-ethylmaleimide-sensitive factor attachment protein receptor; t-SNARE: Target soluble N-ethylmaleimide-sensitive factor attachment protein receptor.

In our study using a CCI rat model, Rab8a was highly
expressed in astrocytes within the spinal dorsal horn following
neural injury, suggesting increased vesicle docking and trans-
port activity, a possible manifestation of astrocyte activation.
EM revealed a significant increase in internal vesicle number
and transport activity toward the plasma membrane, resulting
in heightened exocytic activity. Quantitative PCR, IF, and West-
ern blot results showed significant increases in the expression
of cytokines, such as TNF-α and IL-1β, as well as Rab8a, VAMP2,
and Syntaxin16 in activated astrocytes. Treatment with BON-
T/A significantly reduced the levels of Rab8a, VAMP2, and
Syntaxin16 proteins in astrocytes. Collectively, these findings
suggest that the activation of the Rab8a/SNARE complex path-
way is crucial for vesicular transport and bioactive molecule
release in astrocytes and represents an important component in
the pathogenesis of NPP.

Rab8a, a small GTPase, is essential for vesicle transport in
various cell types and is involved in cilia formation [57, 58].
Rab8a can interact with effectors or directly with SNARE to
recognize t-SNARE on target membranes, promoting v-SNARE
and t-SNARE pairing, thus guiding vesicle-directed transport
and targeted docking [59–64]. The control of vesicle trans-
port by Rab8a may facilitate the formation of different mem-
brane protrusions, while VAMP2 and Syntaxin16, components
of the SNARE complex, are critical proteins in vesicle dock-
ing. Our results, combined with previous studies [65, 66],
suggest that Rab8a-mediated enhanced transport of vesicles
from the TGN to the plasma membrane may underpin the

molecular basis for astrocyte release of bioactive molecules
involved in the onset and maintenance of NPP. Enhanced vesic-
ular transport in LPS-activated astrocyte models likely rep-
resents a crucial mechanism for the secretion of bioactive
molecules by activated astrocytes, with activated pathways
for cytokine synthesis and secretion contributing to disease
progression.

Furthermore, the application of BONT/A suggests that tar-
geting components of the SNARE complex can effectively
reduce vesicular transport in astrocytes. Preclinical and clin-
ical studies have reported the efficacy of BONT/A in treat-
ing central NPP. BONT/A inhibits the secretion of substance
P and calcitonin gene-related peptide (CGRP) in DRG, sup-
presses the expression of TRPV1 and P2X3, and exerts central
effects through retrograde axonal transport [67–70]. BONT/A
not only cleaves SNAP-25 at presynaptic terminals but also
cleaves SNARE proteins retrogradely in growth cones and the
central brain, inhibiting the exocytosis of vesicles containing
norepinephrine, glutamate, substance P, and CGRP, as well as
the expression of vanilloid receptors.

Although this study provides important insights into the
role of the Rab8a/SNARE complex in NPP, it has limitations.
Firstly, the study is primarily based on animal models and cell
experiments, and its results need further validation in humans.
Secondly, although BONT/A can inhibit vesicular transport in
astrocytes, its specific mechanisms of action and long-term
effects require further investigation. Additionally, this study
did not fully resolve all potential molecular mechanisms
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of the Rab8a/SNARE complex pathway in the pathogene-
sis of NPP, necessitating further research to elucidate these
mechanisms.

Conclusion
In summary, our study reveals that the activation of the
Rab8a/SNARE complex pathway and subsequent enhanced
vesicle transport activity in the spinal dorsal horn following
neural injury are likely critical components in the cytokine
cascade reaction mechanisms of NPP (Figure 8). By elucidating
the role of the Rab8a/SNARE complex in the development of
NPP, this study provides important insights for understanding
the molecular basis of NPP and developing new therapeutic
strategies. Given the persistent activation of astrocytes under
chronic pain conditions and their recognized role in NPP,
directing therapeutic interventions toward reactive astrocytes
holds significant potential. Our research demonstrates the
critical role of these proteins in astrocytes and emphasizes
the importance of vesicle transport in regulating NPP, offer-
ing new potential targets for NPP treatment. Targeting the
Rab8a/SNARE complex pathway could be an effective strat-
egy for alleviating or treating NPP. Based on our current
understanding of astrocyte-mediated NPP, considering target-
ing related signaling pathways, hemichannels, or purinergic
receptors to inhibit the release of neuroglial mediators, such
as by inhibiting the expression or function of Rab8a to reduce
the release of inflammatory mediators, could provide valuable
directions for developing novel NPP therapeutic drugs. Addi-
tionally, targeting downstream mediators released by astro-
cytes, such as chemokines and cytokine signaling, is a viable
treatment strategy. Given that astrocyte dysregulation is a com-
mon feature of nearly all chronic pain pathologies, and the acti-
vation of astrocytes remains strong throughout persistent pain
conditions, whether targeting the activation of astrocytes or
preventing their transition to a pro-inflammatory state without
affecting their normal homeostatic functions remains a signifi-
cant challenge.

Future research should focus on several key areas. Firstly,
the findings of this study need to be validated in a broader
range of biological models and explored through clinical
studies to assess their potential application in human NPP
treatment. Secondly, specific intervention methods target-
ing the Rab8a/SNARE complex pathway, including small
molecule inhibitors, and RNA interference techniques, should
be explored to develop new treatment strategies. Addition-
ally, investigating the role of the Rab8a/SNARE complex in
other cell types beyond astrocytes, such as neurons and
microglia, may reveal more complex pathological mechanisms
of NPP.
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Boadas-Vaello P. Activation of astrocytes and microglial cells and
CCL2/CCR2 upregulation in the dorsolateral and ventrolateral nuclei
of periaqueductal gray and rostral ventromedial medulla following
different types of sciatic nerve injury. Front CellNeurosci 2018;12:40.
https://doi.org/10.3389/fncel.2018.00040.

[14] Xie KY, WangQ,Cao DJ, Liu J, Xie XF. Spinal astrocytic FGFR3 acti-
vation leads to mechanical hypersensitivity by increased TNF-α in
spared nerve injury. Int J Clin Exp Pathol 2019;12(8):2898–908. PMID:
31934126. PMCID: PMC6949693

[15] Wei J, Su W, Zhao Y, Wei Z, Hua Y, Xue P, et al. Maresin 1 promotes
nerve regeneration and alleviates neuropathic pain after nerve injury.
J Neuroinflammat 2022;19(1):32. https://doi.org/10.1186/s12974-022-
02405-1.

[16] Li J, Tian M, Hua T, Wang H, Yang M, Li W, et al. Combination of
autophagy and NFE2L2/NRF2 activation as a treatment approach for
neuropathic pain. Autophagy 2021;17(12):4062–82. https://doi.org/10.
1080/15548627.2021.1900498.

[17] Wang K, Wang S, Chen Y, Wu D, Hu X, Lu Y, et al. Single-cell transcrip-
tomic analysis of somatosensory neurons uncovers temporal develop-
ment of neuropathic pain. Cell Res 2021;31(8):904–18. https://doi.org/
10.1038/s41422-021-00479-9.

[18] Li NQ, Peng Z, Xu WW, An K, Wan L. Bone mesenchymal stem cells
attenuate resiniferatoxin-induced neuralgia via inhibiting TRPA1-
PKCδ-P38/MAPK-p-P65 pathway in mice. Brain Res Bull 2021;174:92–
102. https://doi.org/10.1016/j.brainresbull.2021.06.004.

Xiao et al.
Astrocytic Rab8a/SNARE in NPP 1298 www.biomolbiomed.com

https://www.biomolbiomed.com
https://doi.org/10.1586/17512433.2014.928587
https://doi.org/10.1586/17512433.2014.928587
https://doi.org/10.1007/s00415-017-8641-6
https://doi.org/10.1007/s00415-017-8641-6
https://doi.org/10.1016/j.neurol.2021.07.004
https://doi.org/10.1016/S0140-6736(21)00794-7
https://doi.org/10.1016/S0140-6736(21)00794-7
https://doi.org/10.1007/s40263-021-00879-w
https://doi.org/10.1007/s40263-021-00879-w
https://doi.org/10.1038/s41583-021-00468-2
https://doi.org/10.1038/s41583-021-00468-2
https://doi.org/10.1016/j.expneurol.2015.03.020
https://doi.org/10.1016/j.expneurol.2015.03.020
https://doi.org/10.1016/j.neures.2017.10.004
https://doi.org/10.1016/j.neures.2017.10.004
https://doi.org/10.3389/fnsyn.2023.1138577
https://doi.org/10.1016/j.ynpai.2023.100119
https://doi.org/10.1016/j.ynpai.2023.100119
https://doi.org/10.1038/s41583-019-0218-1
https://doi.org/10.1038/s41583-019-0218-1
https://doi.org/10.1097/j.pain.0000000000001316
https://doi.org/10.1097/j.pain.0000000000001316
https://doi.org/10.3389/fncel.2018.00040
https://doi.org/10.1186/s12974-022-02405-1
https://doi.org/10.1186/s12974-022-02405-1
https://doi.org/10.1080/15548627.2021.1900498
https://doi.org/10.1080/15548627.2021.1900498
https://doi.org/10.1038/s41422-021-00479-9
https://doi.org/10.1038/s41422-021-00479-9
https://doi.org/10.1016/j.brainresbull.2021.06.004
https://www.biomolbiomed.com


[19] Zhou B, Zuo YX, Jiang RT. Astrocyte morphology: diversity, plasticity,
and role in neurological diseases. CNS Neurosci Ther 2019;25(6):665–
73. https://doi.org/10.1111/cns.13123.

[20] Vay SU, Olschewski DN, Petereit H, Lange F, Nazarzadeh N, Gross E,
et al. Osteopontin regulates proliferation, migration, and survival of
astrocytes depending on their activation phenotype. J Neurosci Res
2021;99(11):2822–43. https://doi.org/10.1002/jnr.24954.

[21] Falsig J, Pörzgen P, Lund S, Schrattenholz A, Leist M. The inflammatory
transcriptome of reactive murine astrocytes and implications for their
innate immune function. J Neurochem 2006;96(3):893–907. https://
doi.org/10.1111/j.1471-4159.2005.03622.x.

[22] Ye Y, Salvo E, Romero-Reyes M, Akerman S, Shimizu E, Kobayashi Y,
et al. Glia and orofacial pain: progress and future directions. Int J Mol
Sci 2021;22(10):5345. https://doi.org/10.3390/ijms22105345.

[23] Wang H, Xu C. A novel progress: glial cells and inflammatory
Pain. ACS Chem Neurosci 2022;13(3):288–95. https://doi.org/10.1021/
acschemneuro.1c00607.

[24] Higinio-Rodríguez F, Rivera-Villaseñor A, Calero-Vargas I, López-
Hidalgo M, et al. From nociception to pain perception, possible impli-
cations of astrocytes. Front Cell Neurosci 2022;16:972827. https://doi.
org/10.3389/fncel.2022.972827.

[25] Sil S, Singh S, Chemparathy DT, Chivero ET, Gordon L, Buch S.
Astrocytes & astrocyte derived extracellular vesicles in morphine
induced amyloidopathy: implications for cognitive deficits in opiate
abusers. Aging Dis 2021;12(6):1389–408. https://doi.org/10.14336/AD.
2021.0406

[26] Datta Chaudhuri A, Dasgheyb RM, DeVine LR, Bi H, Cole RN,
Haughey NJ. Stimulus-dependent modifications in astrocyte-derived
extracellular vesicle cargo regulate neuronal excitability. Glia
2020;68(1):128–44. https://doi.org/10.1002/glia.23708.

[27] Frühbeis C, Fröhlich D, Kuo WP, Amphornrat J, Thilemann S,
Saab AS, et al. Neurotransmitter-triggered transfer of exosomes
mediates oligodendrocyte-neuron communication. PLoS Biol
2013;11(7):e1001604. https://doi.org/10.1371/journal.pbio.1001604.

[28] Upadhya R, Zingg W, Shetty S, Shetty AK. Astrocyte-derived extracel-
lular vesicles: neuroreparative properties and role in the pathogenesis
of neurodegenerative disorders. J Controlled Rel Soc 2020;323:225–39.
https://doi.org/10.1016/j.jconrel.2020.04.017.

[29] Deng Z, Wang J, Xiao Y, Li F, Niu L, Liu X, et al. Ultrasound-mediated
augmented exosome release from astrocytes alleviates amyloid-β-
induced neurotoxicity. Theranostics 2021;11(9):4351–62. https://doi.
org/10.7150/thno.52436.

[30] Liu R, Wang J, Chen Y, Collier JM, Capuk O, Jin S, et al. NOX activa-
tion in reactive astrocytes regulates astrocytic LCN2 expression and
neurodegeneration. Cell Death Dis 2022;13(4):371. https://doi.org/10.
1038/s41419-022-04831-8.

[31] Abjean L, Ben Haim L, Riquelme-Perez M, Gipchtein P, Derbois C,
Palomares MA, et al. Reactive astrocytes promote proteostasis in Hunt-
ington’s disease through the JAK2-STAT3 pathway. Brain J Neurol
2023;146(1):149–66. https://doi.org/10.1093/brain/awac068.

[32] Wang M, Pan W, Xu Y, Zhang J, Wan J, Jiang H. Microglia-mediated
neuroinflammation: a potential target for the treatment of cardiovas-
cular diseases. J Inflammat Res 2022;15:3083–94. https://doi.org/10.
2147/JIR.S350109.

[33] Soldati T, Shapiro AD, Svejstrup AB, Pfeffer SR. Membrane targeting of
the small GTPase Rab9 is accompanied by nucleotide exchange. Nature
1994;369(6475):76–8. https://doi.org/10.1038/369076a0.

[34] Langemeyer L, Fröhlich F, Ungermann C. Rab GTPase function in endo-
some and lysosome biogenesis. Trends Cell Biol 2018;28(11):957–70.
https://doi.org/10.1016/j.tcb.2018.06.007.

[35] Hattula K, Furuhjelm J, Tikkanen J, Tanhuanpää K, Laakkonen P, Perä-
nen J. Characterization of the Rab8-specific membrane traffic route
linked to protrusion formation. J Cell Sci 2006;119(Pt 23):4866–77.
https://doi.org/10.1242/jcs.03275.

[36] Peränen J. Rab8 GTPase as a regulator of cell shape. Cytoskele-
ton (Hoboken, N.J.) 2011;68(10):527–39. https://doi.org/10.1002/cm.
20529.

[37] Vaibhava V, Nagabhushana A, Chalasani ML, Sudhakar C, Kumari A,
Swarup G. Optineurin mediates a negative regulation of Rab8 by the
GTPase-activating protein TBC1D17. J Cell Sci 2012;125(Pt 21):5026–39.
https://doi.org/10.1242/jcs.102327.

[38] Kim MJ, Deng HX, Wong YC, Siddique T, Krainc D. The Parkin-
son’s disease-linked protein TMEM230 is required for Rab8a-mediated
secretory vesicle trafficking and retromer trafficking. Human Mol
Genet 2017;26(4):729–41. https://doi.org/10.1093/hmg/ddw413.

[39] Grigoriev I, Yu KL, Martinez-Sanchez E, Serra-Marques A, Smal I,
Meijering E, et al. Rab6, Rab8, and MICAL3 cooperate in controlling
docking and fusion of exocytotic carriers. Curr Biol 2011;21(11):967–74.
https://doi.org/10.1016/j.cub.2011.04.030.

[40] Zhao YG, Codogno P, Zhang H. Machinery, regulation and
pathophysiological implications of autophagosome maturation. Nat
RevMol Cell Biol 2021;22(11):733–50. https://doi.org/10.1038/s41580-
021-00392-4.

[41] Usmani A, Shavarebi F, Hiniker A. The cell biology of LRRK2 in Parkin-
son’s disease. Mol Cell Biol 2021;41(5):e00660–20. https://doi.org/10.
1128/MCB.00660-20.

[42] Moreno-Layseca P, Jäntti NZ, Godbole R, Sommer C, Jacquemet
G, Al-Akhrass H, et al. Cargo-specific recruitment in clathrin- and
dynamin-independent endocytosis. Nat Cell Biol 2021;23(10):1073–84.
https://doi.org/10.1038/s41556-021-00767-x.

[43] Sundaresan S, Philosoph-Hadas S, Riov J, Salim S, Meir S. Expression
kinetics of regulatory genes involved in the vesicle trafficking pro-
cesses operating in tomato flower abscission zone cells during pedicel
abscission. Life (Basel, Switzerland) 2020;10(11):273. https://doi.org/
10.3390/life10110273.

[44] Margiotta A. Role of SNAREs in neurodegenerative diseases. Cells
2021;10(5):991. https://doi.org/10.3390/cells10050991.

[45] Cupertino RB, Kappel DB, Bandeira CE, Schuch JB, da Silva BS,
Müller D, et al. SNARE complex in developmental psychiatry:
neurotransmitter exocytosis and beyond. J Neural Transm
(Vienna, Austria) 2016;123(8):867–83. https://doi.org/10.1007/
s00702-016-1514-9.

[46] Ce C, Lingmei L, Mingjie Z. Methods for determining sample size
in animal experiments in medical research. Chin J ComparatMed
2023;33(2):99–105. https://doi.org/10.3969/j.issn.1671-7856.2023.02.
013.

[47] Charlson ME, Carrozzino D, Guidi J, Patierno C. Charlson comorbidity
index: a critical review of clinimetric properties. Psychother Psycho-
somat 2022;91(1):8–35. https://doi.org/10.1159/000521288.

[48] Schildge S, Bohrer C, Beck K, Schachtrup C. Isolation and culture of
mouse cortical astrocytes. J Vis Exp 2013;71:50079. https://doi.org/10.
3791/50079.

[49] Han J, Cho HJ, Park D, Han S. DICAM in the extracellular vesicles
from astrocytes attenuates microglia activation and neuroinflamma-
tion. Cells 2022;11(19):2977. https://doi.org/10.3390/cells11192977.

[50] Przanowski P, Dabrowski M, Ellert-Miklaszewska A, Kloss M,
Mieczkowski J, Kaza B, et al. The signal transducers Stat1 and Stat3
and their novel target Jmjd3 drive the expression of inflammatory
genes in microglia. J Mol Med (Berlin, Germany) 2014;92(3):239–54.
https://doi.org/10.1007/s00109-013-1090-5.

[51] Popiolek-Barczyk K, Kolosowska N, Piotrowska A, Makuch W, Rojew-
ska E, Jurga A, et al. Parthenolide relieves pain and promotes
m2 microglia/macrophage polarization in rat model of neuropa-
thy. Neural Plasticity 2015;2015:676473. https://doi.org/10.1155/2015/
676473.

[52] Piotrowska A, Popiolek-Barczyk K, Pavone F, Mika J. Comparison of
the expression changes after botulinum toxin type a and minocycline
administration in lipopolysaccharide-stimulated rat microglial and
astroglial cultures. Front Cell Infect Microbiol 2017;7:141. https://doi.
org/10.3389/fcimb.2017.00141.

[53] Zawadzka M, Kaminska B. A novel mechanism of FK506-mediated
neuroprotection: downregulation of cytokine expression in glial cells.
Glia 2005;49(1):36–51. https://doi.org/10.1002/glia.20092.

[54] Rolls A, Shechter R, Schwartz M. The bright side of the glial scar in CNS
repair. Nat Rev Neurosci 2009;10(3):235–41. https://doi.org/10.1038/
nrn2591.

[55] Bal-Price A, Brown GC. Inflammatory neurodegeneration mediated by
nitric oxide from activated glia-inhibiting neuronal respiration, caus-
ing glutamate release and excitotoxicity. J Neurosci 2001;21(17):6480–
91. https://doi.org/10.1523/JNEUROSCI.21-17-06480.2001.

[56] Linnerbauer M, Wheeler MA, Quintana FJ. Astrocyte crosstalk in CNS
Inflammation. Neuron 2020;108(4):608–22. https://doi.org/10.1016/j.
neuron.2020.08.012.

[57] Waschbüsch D, Purlyte E, Khan AR. Dual arginine recognition of
LRRK2 phosphorylated Rab GTPases. Biophys J 2021;120(9):1846–55.
https://doi.org/10.1016/j.bpj.2021.03.030.

[58] Dhekne HS, Yanatori I, Vides EG, Sobu Y, Diez F, Tonelli F, et al. LRRK2-
phosphorylated Rab10 sequesters Myosin Va with RILPL2 during cili-
ogenesis blockade. Life Sci Alliance 2021;4(5):e202101050. https://doi.
org/10.26508/lsa.202101050.

Xiao et al.
Astrocytic Rab8a/SNARE in NPP 1299 www.biomolbiomed.com

https://www.biomolbiomed.com
https://doi.org/10.1111/cns.13123
https://doi.org/10.1002/jnr.24954
https://doi.org/10.1111/j.1471-4159.2005.03622.x
https://doi.org/10.1111/j.1471-4159.2005.03622.x
https://doi.org/10.3390/ijms22105345
https://doi.org/10.1021/acschemneuro.1c00607
https://doi.org/10.1021/acschemneuro.1c00607
https://doi.org/10.3389/fncel.2022.972827
https://doi.org/10.3389/fncel.2022.972827
https://doi.org/10.14336/AD.2021.0406
https://doi.org/10.14336/AD.2021.0406
https://doi.org/10.1002/glia.23708
https://doi.org/10.1371/journal.pbio.1001604
https://doi.org/10.1016/j.jconrel.2020.04.017
https://doi.org/10.7150/thno.52436
https://doi.org/10.7150/thno.52436
https://doi.org/10.1038/s41419-022-04831-8
https://doi.org/10.1038/s41419-022-04831-8
https://doi.org/10.1093/brain/awac068
https://doi.org/10.2147/JIR.S350109
https://doi.org/10.2147/JIR.S350109
https://doi.org/10.1038/369076a0
https://doi.org/10.1016/j.tcb.2018.06.007
https://doi.org/10.1242/jcs.03275
https://doi.org/10.1002/cm.20529
https://doi.org/10.1002/cm.20529
https://doi.org/10.1242/jcs.102327
https://doi.org/10.1093/hmg/ddw413
https://doi.org/10.1016/j.cub.2011.04.030
https://doi.org/10.1038/s41580-021-00392-4
https://doi.org/10.1038/s41580-021-00392-4
https://doi.org/10.1128/MCB.00660-20
https://doi.org/10.1128/MCB.00660-20
https://doi.org/10.1038/s41556-021-00767-x
https://doi.org/10.3390/life10110273
https://doi.org/10.3390/life10110273
https://doi.org/10.3390/cells10050991
https://doi.org/10.1007/s00702-016-1514-9
https://doi.org/10.1007/s00702-016-1514-9
https://doi.org/10.3969/j.issn.1671-7856.2023.02.013
https://doi.org/10.3969/j.issn.1671-7856.2023.02.013
https://doi.org/10.1159/000521288
https://doi.org/10.3791/50079
https://doi.org/10.3791/50079
https://doi.org/10.3390/cells11192977
https://doi.org/10.1007/s00109-013-1090-5
https://doi.org/10.1155/2015/676473
https://doi.org/10.1155/2015/676473
https://doi.org/10.3389/fcimb.2017.00141
https://doi.org/10.3389/fcimb.2017.00141
https://doi.org/10.1002/glia.20092
https://doi.org/10.1038/nrn2591
https://doi.org/10.1038/nrn2591
https://doi.org/10.1523/JNEUROSCI.21-17-06480.2001
https://doi.org/10.1016/j.neuron.2020.08.012
https://doi.org/10.1016/j.neuron.2020.08.012
https://doi.org/10.1016/j.bpj.2021.03.030
https://doi.org/10.26508/lsa.202101050
https://doi.org/10.26508/lsa.202101050
https://www.biomolbiomed.com


[59] Yoshimura S, Egerer J, Fuchs E, Haas AK, Barr FA. Functional dissec-
tion of Rab GTPases involved in primary cilium formation. J Cell Biol
2007;178(3):363–9. https://doi.org/10.1083/jcb.200703047.

[60] Nachury MV, Loktev AV, Zhang Q, Westlake CJ, Peränen J, Merdes A,
et al. A core complex of BBS proteins cooperates with the GTPase
Rab8 to promote ciliary membrane biogenesis. Cell 2007;129(6):1201–
13. https://doi.org/10.1016/j.cell.2007.03.053.

[61] Knödler A, Feng S, Zhang J, Zhang X, Das A, Peränen J, et al.
Coordination of Rab8 and Rab11 in primary ciliogenesis. Proc Nat Acad
Sci USA 2010;107(14):6346–51. https://doi.org/10.1073/pnas.
1002401107.

[62] Westlake CJ, Baye LM, Nachury MV, Wright KJ, Ervin KE, Phu L, et al.
Primary cilia membrane assembly is initiated by Rab11 and transport
protein particle II (TRAPPII) complex-dependent trafficking of Rabin8
to the centrosome. Proc Nat Acad Sci USA 2011;108(7):2759–64. https://
doi.org/10.1073/pnas.1018823108.

[63] Feng S, Knödler A, Ren J, Zhang J, Zhang X, Hong Y, et al. A Rab8 gua-
nine nucleotide exchange factor-effector interaction network regu-
lates primary ciliogenesis. J Biol Chem 2012;287(19):15602–9. https://
doi.org/10.1074/jbc.M111.333245.

[64] Lu Q, Insinna C, Ott C, Stauffer J, Pintado PA, Rahajeng J, et al. Early
steps in primary cilium assembly require EHD1/EHD3-dependent cil-
iary vesicle formation. Nat Cell Biol 2015;17(3):228–40. https://doi.
org/10.1038/ncb3109.

[65] Mirzahosseini G, Ismael S, Ahmed HA, Ishrat T. Manifestation of renin
angiotensin system modulation in traumatic brain injury. Metabolic
Brain Dis 2021;36(6):1079–86. https://doi.org/10.1007/s11011-021-
00728-1.

[66] Pinheiro Campos AC, Martinez RCR, Auada AVV, Lebrun I, Fonoff ET,
Hamani C. Effect of subthalamic stimulation and electrode implan-
tation in the striatal microenvironment in a Parkinson’s disease
rat model. Int J Mol Sci 2022;23(20):12116. https://doi.org/10.3390/
ijms232012116.

[67] Brin MF, Burstein R. Botox (onabotulinumtoxinA) mechanism of
action. Medicine 2023;102(S1):e32372. https://doi.org/10.1097/MD.
0000000000032372.

[68] Park J, Park HJ. Botulinum toxin for the treatment of
neuropathic pain. Toxins 2017;9(9):260. https://doi.org/10.3390/
toxins9090260.

[69] Reyes-Long S, Alfaro-Rodríguez A, Cortes-Altamirano JL, Lara-
Padilla E, Herrera-Maria E, Romero-Morelos P, et al. The mechanisms
of action of botulinum toxin type A in nociceptive and neuropathic
pathways in cancer pain. Curr Med Chem 2021;28(15):2996–3009.
https://doi.org/10.2174/0929867327666200806105024.

[70] Li X, Guo R, Sun Y, Li H, Ma D, Zhang C, et al. Botulinum toxin type A
and gabapentin attenuate postoperative pain and NK1 receptor inter-
nalization in rats. Neurochem Int 2018;116:52–62. https://doi.org/10.
1016/j.neuint.2018.03.010.

Related articles

1. Protocatechuic acid as an inhibitor of the JNK/CXCL1/CXCR2 pathway relieves neuropathic pain in CCI rats

Hong-xia Chang et al., BJBMS, 2022

2. Insight into the emerging role of SARS-CoV-2 nonstructural and accessory proteins in modulation of multiple
mechanisms of host innate defense

Abualgasim Elgaili Abdalla et al., BJBMS, 2021

Xiao et al.
Astrocytic Rab8a/SNARE in NPP 1300 www.biomolbiomed.com

https://www.biomolbiomed.com
https://doi.org/10.1083/jcb.200703047
https://doi.org/10.1016/j.cell.2007.03.053
https://doi.org/10.1073/pnas.1002401107
https://doi.org/10.1073/pnas.1002401107
https://doi.org/10.1073/pnas.1018823108
https://doi.org/10.1073/pnas.1018823108
https://doi.org/10.1074/jbc.M111.333245
https://doi.org/10.1074/jbc.M111.333245
https://doi.org/10.1038/ncb3109
https://doi.org/10.1038/ncb3109
https://doi.org/10.1007/s11011-021-00728-1
https://doi.org/10.1007/s11011-021-00728-1
https://doi.org/10.3390/ijms232012116
https://doi.org/10.3390/ijms232012116
https://doi.org/10.1097/MD.0000000000032372
https://doi.org/10.1097/MD.0000000000032372
https://doi.org/10.3390/toxins9090260
https://doi.org/10.3390/toxins9090260
https://doi.org/10.2174/0929867327666200806105024
https://doi.org/10.1016/j.neuint.2018.03.010
https://doi.org/10.1016/j.neuint.2018.03.010
https://www.bjbms.org/ojs/index.php/bjbms/article/view/5928
https://www.bjbms.org/ojs/index.php/bjbms/article/view/5543
https://www.biomolbiomed.com

	Rab8a/SNARE complex activation promotes vesicle anchoring and transport in spinal astrocytes to drive neuropathic pain
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Related articles



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Helvetica-Condensed-Bold
    /Helvetica-LightOblique
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-Italic
    /HelveticaNeueLightcon-LightCond
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-Roman
    /HelveticaNeue-ThinCond
    /Helvetica-Oblique
    /HelvetisADF-Bold
    /HelvetisADF-BoldItalic
    /HelvetisADFCd-Bold
    /HelvetisADFCd-BoldItalic
    /HelvetisADFCd-Italic
    /HelvetisADFCd-Regular
    /HelvetisADFEx-Bold
    /HelvetisADFEx-BoldItalic
    /HelvetisADFEx-Italic
    /HelvetisADFEx-Regular
    /HelvetisADF-Italic
    /HelvetisADF-Regular
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


