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Summary

Chemotherapy-induced neuropathic pain (CNP) is the major
dose-limiting factor in cancer chemotherapy. However, the
mechanisms underlying CNP remain elusive. In the present
study, CNP was induced by repeated intraperitoneal injection of
vincristine (VCR) into male C57BL/6] mice. VCR administration
caused significant activation of Wnt/B-catenin signaling, which
led to the activation of astrocytes, microglia, the release of
inflammatory cytokines tumor necrosis factor (TNF)-a, monocyte
chemoattractant protein-1 (MCP-1) and the activation of
subsequent mitogen-activated protein kinase
(MAPK)/extracellular kinase (ERK)
signaling pathway in CNP mice. Blocking Wnt/B-catenin signaling

signal-regulated protein

by intrathecal administration of the inhibitors of Wnt response
(IWR) effectively attenuated VCR-induced neuropathic pain.
Furthermore, IWR inhibited the activation of astrocytes,
microglia, TNF-a, MCP-1 and MAPK/ERK signaling in the spinal
cord, which was triggered by VCR-induced Wnt/B-catenin
signaling upregulation. These results suggest that Wnt/B-catenin
signaling plays a critical role in VCR-induced neuropathic pain
and provides evidence for potential interfering with
Whnt/B-catenin signaling to ameliorate VCR-induced neuropathic

pain.
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Introduction

Vincristine (VCR) is a used

chemotherapeutic drug. Peripheral neuropathy is the

widely

major dose-limiting adverse effect of VCR and can lead
to dose reduction or even discontinuation of treatment,
thus impacting the quality of life of patients with cancer
(Dougherty et al. 2007). However, the mechanisms
underlying the pathophysiology of neuropathic pain are
unknown, and an effective therapeutic strategy to control
this pain disorder is not available at present.

Wnts are secreted glycoproteins that play
important roles in the development of the central nervous
system (CNS), including neural induction and patterning,
cell proliferation, cell fate specification, cell polarization,
cell migration, axon guidance and synaptogenesis (Park
and Shen 2012, Ciani and Salinas 2005). In addition, Wnt
adult

regeneration and homeostasis in several organs as well as

signaling in organisms modulates tissue

plasticity and disease pathophysiology in the adult CNS
(Grigoryan et al. 2008, MacDonald et al. 2009). There
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are three well-known Wnt signaling pathways, namely,
the canonical Wnt/B-catenin pathway, the non-canonical
planar cell polarity pathway and the Wnt/Ca®" pathway
(Speese and Budnik 2007). The Wnt/B-catenin signaling
pathway has been reported to play crucial roles in the
types
peripheral nerve injury-induced pain, multiple sclerosis-

pathogenesis of various of pain, including
associated chronic pain, HIV-associated chronic pain,
bone cancer pain and diabetic peripheral neuropathy
(Itokazu et al. 2014, Tang et al. 2018, Yuan et al. 2012,
Shi et al. 2013, Zhang et al. 2013, Resham and Sharma
2019). However, whether it participates in chemotherapy-
induced neuropathic pain (CNP) is unknown.

The present study aimed to elucidate the impact
of the Wnt/B-catenin signaling pathway in CNP and
investigate the ameliorating effect of a Wnt-signaling
inhibitor in CNP. The results indicated that the spinal
activation of Wnt/B-catenin signaling induced by VCR
triggered glial cell and MAPK/ERK signaling activation,
as well as the stimulation and release of the inflammatory
factors TNF-a. and MCP-1. Thus, the pharmacological
inhibition of Wnt/B-catenin signaling may be useful to

treat CNP.

Methods

Animals

Male SPF C57BL/6J mice (7-8 weeks old,
20-25g) were obtained from Guangdong Medical
Laboratory Animal Center. All animals were housed
under standard conditions in a room on a 12-h light/dark
cycle with access to food and water ad [libitum. All
animal studies were conducted in accordance with the
principles and procedures outlined in the Guide for the
Care and Use of Laboratory Animals, and the protocols
were approved by the Laboratory Animal Ethics
Committee  of Medical

(4408030012616).

Guangdong University

Induction of neuropathic pain by VCR

VCR (Guangdong Lingnan Pharmaceutical Co.,
Ltd.) was dissolved in normal saline and injected at
0.1 mg/kg/day intraperitoneally (i.p.) for two 5-day
cycles with a 2-day pause between the cycles (days 0-4
and 7-11). The dose of VCR was selected according to
a previous report (Kiguchi et al. 2008). Mice receiving
VCR were considered as the VCR group. Control mice
were injected with normal saline according to the same
schedule.

Intrathecal administration

Animals were i.p. anesthetized with 50 mg/kg
sodium pentobarbital. A polyethylene (PE)-10 tube (BD,
Biosciences) was inserted into the lumbar subarachnoid
space between the L4-L5 vertebrae as previously
described (Wu et al. 2004). To verify whether the
intrathecal catheter implantation was correct, 2 %
lidocaine (10 pl) was injected intrathecally. Those mice
exhibiting complete hind limb paralysis were used for the
following experiments. At the end of each experiment,
the position of the PE tube in the intrathecal space at the
lumbar enlargement was visually verified by exposing the
lumbar spinal cord. IWR-1-endo (IWR), an effective
inhibitor of the Wnt/B-catenin signaling pathway, was
purchased from Santa Cruz Biotechnology, Inc. IWR was
dissolved in 2 % dimethyl sulfoxide (DMSO)/PBS. VCR
mice were administered with IWR once a day between
days 11 and 17 (IWR group). VCR mice were treated
with vehicle (10 pl 2 % DMSO/PBS) daily from dayl1 to

17 (Vehicle group).

Experimental design

CNP mice model was made by intraperitoneal
injection of VCR. To clarify whether Wnt/B-catenin
signaling pathway participates in the pathogenesis of
CNP and potential molecular mechanisms of Wnt/B-
catenin signaling in CNP, we checked expression of
Whnt/B-catenin signaling related molecules, glia cells,
of MAPK
signaling pathway, such as ERK1/2, which are controlled

inflammatory factors and components
by Wnt signaling at d11. To further exemplify the effects
of Wnt/B-catenin signaling in CNP, the Wnt/B-catenin
pathway inhibitor IWR was intrathecally administrated
for 7 days from day 11 to day 17. At d18, the second day
of the last administration of IWR, the related experiments
were performed. Moreover, behavioral tests were carried
out from 9 to 11 a.m. on certain day in general. Mice
were usually euthanized from 2:30 to 5:30 p.m. on certain
day for different experiments.

In our experiments, mice were divided into
Control group, VCR group, Vehicle group and IWR
group (n=18 in each group). In the first series of
experiments, mice in Control group were sacrificed at day
11, whereas mice in VCR group were sacrificed on 11d
and 18d. Then the spinal cords were rapidly harvested
and preserved for Western blot analysis of Wnt3a and
B-catenin (n=3 in Control group, n=3/d in VCR group).

In the second series of experiments, the baseline
measurements of pain behavior were made prior to drug
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treatment. Pain behavioral tests were performed at days -1,
4,7, 11, 15, 18, 21, 24 after VCR treatment (in the four
groups, n=10 before day 15; n=6~7 after day 11 just as some
mice have been sacrificed for certain study at day 11).

In the third
immunofluorescence of GFAP and IBA-1 was performed

series of  experiments,
at day 11 in the spinal cord sections of Control and VCR
group, whereas which was carried out at day 18 in the
spinal cord sections of Vehicle and IWR group (n=3 in
each group).

In the fourth series of experiments, the spinal
cords of mice were harvested for detection of content of
TNF-0 and MCP-1 on 11d in Control and VCR group
(n=4). Mice of VCR group were intrathecally
administered with IWR or vehicle from 11d to 17d. Then
ELISA of TNF-a and MCP-1was carried out in the spinal
cords of Vehicle and IWR mice on 18d (n=4).

In the fifth series of experiments, mice in
Control and VCR group were sacrificed on 11d and the
spinal cords were harvested and preserved for Western
blot analysis of p-ERK1/2 (n=3). The detection of spinal
content of p-ERK1/2 in Vehicle and IWR mice was
performed on 18d (n=3).

Mechanical paw withdrawal test

Mice were accustomed to the test environment
daily for 2 days before baseline testing. The room
temperature and humidity was maintained stable during
the experiment. To assess mechanical sensitivity, mice
were placed in boxes on a wire mesh for 30 min prior to
testing. Von Frey filaments (0.02-2.56 g; Stoelting, Co.)
were applied to the plantar surface of each hind paw. The
50 % paw withdrawal threshold (PWT) was calculated by
the up-down method (Chaplan et al. 1994).

Western blot analysis

Western blotting was performed according to
our previous study (Hu et al. 2014). Simply, mice were
deeply anesthetized with sodium pentobarbital (50 mg/kg,
i.p.) and then rapidly sacrificed by decapitation. The
L4-L6 spinal cord was removed immediately on an
ice-cold plate, frozen, and stored at -80 °C until used.
Samples were homogenized in an SDS sample buffer
containing a mixture of proteinase and phosphatase
inhibitors (Sigma-Aldrich; Merck KGaA). The protein
concentration was examined by the bicinchoninic acid
method. Proteins (30 pg/sample) were separated by 10 %
SDS-PAGE and transferred to nitrocellulose membranes.
The membranes were then blocked in 10 % skimmed

milk for 1 h at room temperature and probed with the
following primary antibodies overnight at 4 °C: Rabbit
anti-Wnt3a (1:2,000; Cat. no. ABDI124; Chemicon
International; Thermo Fisher Scientific, Inc.), mouse anti-
B-catenin (1:1,000; cat. no. BD 610153; BD Biosciences),
rabbit anti-phosphorylated (p)-ERK (1:1,000; cat. no.
3192; Cell Signaling Technology, Inc.) and mouse anti-f3-
actin (1:3,000; cat. no. A1978; Sigma-Aldrich; Merck
KGaA). Membranes were further incubated with an HRP
conjugated secondary antibody for 1 h at room
temperature and rinsed 3 times (10 min each) with TBS.
The  bands

chemiluminescence detection. The densities of the protein

were  visualized by  enhanced
blots were analyzed using Image] software. Target
protein densitometry values were adjusted to B-tubulin
intensity and normalized to the expression level of the

control sample.

Immunofluorescence

Mice were terminally anesthetized with sodium
pentobarbital (50 mg/kg, i.p.) and perfused transcardially
with PBS followed by 4 % paraformaldehyde (PFA). The
segments of spinal cord (L4-L5) were harvested, post-
fixed overnight in 4 % PFA and dehydrated in 30 %
sucrose at 4°C. Spinal cord sections (20 pum in thickness)
were prepared with a cryostat (Leica). The sections were
blocked for 2 h at room temperature with 10 % horse
serum in 0.3 % Triton X-100 and incubated overnight at
4°C with the indicated primary antibodies: mouse anti-
GFAP (1:600; cat. no. MAB360; EMD Millipore) and
rabbit anti-IBA-1 (1:300; cat. no. 019-19741; Wako, Pure
Chemical Industries, Ltd.). The sections were incubated
with FITC-conjugated secondary antibodies (1:1,000;
Jackson ImmunoResearch Laboratories, Inc.) for 2 h at
room temperature. Fluorescence images were obtained

with a Leica fluorescence microscope (Leica
Microsystems,  Inc.). To  obtain  quantitative
measurements, the immunofluorescence intensity of

GFAP and IBA-1, 12 spinal cord sections from each
group (n=3 mice) were evaluated and photographed
under equal exposure time to obtain the raw data. The
fluorescence images were transformed into 8-bit grey
images and subsequently inverted to black (GFAP,
IBA-1") and white images. After background subtraction,
the mean density of each section was measured by
ImagelJ software (National Institutes of Health).

ELISA
The left dorsal horns of the L4-L5 spinal
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segments of mice in different groups were split in
accordance with the same method used for Western blot
analysis. The amounts of TNF-a and MCP-1 was
measured by ELISA kits for mouse protein according to
the manufacturer’s instructions (MTAOOB for TNF-a and
MIJEOO for MCP-1; both from R&D Systems, Inc.).
Values were expressed as pictogram per mg protein.

Statistical analysis

Data are presented as means + standard error of
the mean. Behavioral data were analyzed by two-way
repeated measures analysis of variance (ANOVA).
One-way ANOVA followed by Bonferroni test was used
to evaluate the significant differences in the group data in
experiments of Western blot, immunofluorescence and
ELISA. All statistical analyses were performed using
SPSS 13.0 (SPSS, Inc.). P<0.05 was considered to
indicate a statistically significant difference.

Results

VCR injection activates Wnt/p-catenin signaling in the
spinal cord

To clarify whether Wnt/B-catenin signaling
of VCR-induced
neuropathic pain, the present study first detected the

participates in the pathogenesis

protein expression of Wnt3a, a well-characterized
activator of the Wnt/B-catenin signaling pathway, by
Western blotting. As shown in Figure 1, the Wnt3a
protein level was significantly increased in the lumbar
spinal cord. Compared with that in the Control group,
Wnt3a expression was enhanced by 1.72+0.16-fold and
1.91+0.12-fold at days 11 and 18, respectively, in
VCR-treated mice. Next, the
expression of B-catenin, a key downstream effector in the
Wnt/B-catenin
evaluated. The results revealed a marked upregulation of

lumbar spinal cord

canonical signaling pathway, was
B-catenin expression at days 11 and 18 in the spinal cord
of the VCR-treated mice in contrast to that observed in
the control animals. Our analysis indicated that the
Wnt/B-catenin signaling pathway was activated by VCR
injection in the spinal cord.

Whnt/B-catenin signaling contributes to the maintenance
of VCR-induced neuropathic pain

These
Wnt/B-catenin signaling may participate in the maintenance
of VCR-induced neuropathic pain. To clarify this, the
classical Wnt/B-catenin signaling pathway inhibitor IWR

preliminary  results  suggest  that

(Zhang et al. 2013) was administered intrathecally to the
mice for 7 days, from day 11 to 17. IWR generated long-
lasting inhibitory effects on the existed mechanical allodynia
(Fig. 2). These findings indicated that the activation of
Whnt/B-catenin signaling in the spinal cord contributed to the
maintenance of VCR-induced neuropathic pain.
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Fig. 1. VCR administration activated spinal Wnt/B-catenin
signaling. Western blotting demonstrated an increase in Wnt3a
and B-catenin protein at days 11 and 18 in mouse spinal cord
after VCR treatment (*P<0.05 versus Control group; one-way
ANOVA with Bonferroni test; n=3). VCR, vincristine.
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Fig. 2. Inhibition of Wnt/B-catenin signaling alleviated mechanical
allodynia induced by VCR. Hind paw withdrawal threshold for
mechanical stimulation by von Frey filaments was measured at days -
1,4, 7, 11, 15, 18, 21, 24 after VCR treatment (in the four groups,
n=10 before day 15; n=6~7 after day 11 just as some mice have
been sacrificed for certain study at day 11). After VCR injection, mice
showed prominently reduced paw withdrawal thresholds, indicating
the presence of tactile allodynia. IWR-1 reversed VCR-induced
mechanical allodynia (#P<0.05 versus Control group, *P<0.05
versus Vehicle group; two-way ANOVA).
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Wnt/B-catenin inhibition

VCR-induced astrocytic

signaling suppresses
and microglial activation
in the dorsal horn

It was hypothesized that a correlation existed
between Wnt
neuroinflammation under the pathological condition of
neuropathic IWR ameliorated pain through
inhibiting spinal glial activation (Itokazu et al. 2014,
Marchetti and Pluchino 2013, Shen et al. 2015). The
present study evaluated the expression of the astrocytic
GFAP in the after VCR
amdinistration. Immunofluorescence that,
compared with that of the Control group, GFAP staining
was markedly enhanced in the spinal cord of the VCR

signaling and glia-mediated

pain.
cord

marker spinal

revealed

group at day 11 post-VCR administration. Compared

GFAP

with that observed in the Vehicle group, IWR inhibited
the VCR-induced increase in GFAP immunoreactivity in
the dorsal horn at day 18 following VCR administration
(Fig. 3A-E). Our results indicated that inhibition of
Wnt/B-catenin VCR-induced
astrocytic activation in the spinal cord. Furthermore, the

signaling  decreased
activation of microglia in the spinal cord was examined.
As shown in Figure 3A’-E’, the staining of IBA-1
increased by ~ 3-fold at day 11 after VCR administration.
Similarly, the intensity of IBA-1 immunoreactivity was
also considerably declined by IWR. Our findings
suggested that IWR reduced
microglial activation, which was induced by VCR, in the

administration also

dorsal horn.
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Fig. 3. IWR attenuated the activation of astrocytes and microglia induced by VCR. (A-B; A’-B"): Compared with the Control group, GFAP
and IBA-1 staining was enhanced in the spinal cord at day 11 in VCR-treated mice. (C-D; C’-D’): GFAP and IBA-1 immunoreactivity was
reduced after IWR treatment at day 18. Scale bar: 200 um. (E, E’): Quantitative determination of the GFAP and IBA-1 immunostaining
shown in (A-D) and (A’-D’) respectively (*P<0.05 versus Control group, #P<0.05 versus Vehicle group; one-way ANOVA with
Bonferroni test; n=3). VCR, vincristine; IWR, the inhibitors of Wnt response.
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Fig. 4. Blocking Wnt/B-catenin signaling suppressed VCR-induced cytokine release. (A): ELISA showed that the protein levels of TNF-a
and MCP-1 were increased at day 11 after VCR treatment (*P<0.05, versus Control group; one-way ANOVA with Bonferroni test; n=4).
(B): TNF-a and MCP-1 protein levels declined after IWR administration at 18 days (*P<0.05 versus Vehicle group; one-way ANOVA with
Bonferroni test; n=4). TNF-a, tumor necrosis factor-a; MCP-1, monocyte chemoattractant protein-1; IWR, the inhibitors of Wnt

response.

Wnt/B-catenin  signaling  activation  controls  the
production of TNF-o. and MCP-1 in the spinal cord

It has been shown that glial cells release
numerous inflammatory cytokines and chemokines that
are crucial for chronic pain (Gao and Ji 2010, Watkins
et al. 2003). The present study examined the expression
of the inflammatory cytokines TNF-a and MCP-1. The
ELISA results confirmed that VCR markedly increased
the expression of both TNF-a and MCP-1 in the spinal
cord at day 11 after VCR administration (Fig. 4).
Repetitive administration of IWR significantly inhibited
VCR-induced upregulation of TNF-a and MCP-1 at day
18 after VCR injection. These data
that Wnt/B-catenin signaling activation
VCR-induced neuropathic pain possibly through regu-

suggested
mediated

lating the inflammatory cytokines TNF-a. and MCP-1.

Whnt/p-catenin signaling inhibition ameliorates VCR-

induced neuropathic pain through the MAPK/ERK
signaling pathway

Spinal glial cells express MAPKs, which are
of VCR-induced

neuropathic pain (Shen et al. 2015). Components of the

associated with the regulation
MAPK signaling pathway, such as ERK, are controlled
by Wnt signaling (Yun et al. 2005, Bikkavilli and
Malbon 2009). Thus, it was assumed that suppression of
Wnt/B-catenin
VCR-induced neuropathic pain via MAPK signaling. Our
Western blot results showed that VCR enhanced the
expression of p-ERK1/2, which suggested that VCR

signaling by IWR could ameliorate

activated the MAPK/ERK  signaling pathway.
Furthermore, IWR blocked the VCR-induced p-ERK1/2
increase (Fig. 5).
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Fig. 5. IWR reduced VCR-induced ERK activation. (A): VCR
accelerated the increase in p-ERK in the spinal cord after VCR
treatment (*P<0.05 versus Control group; one-way ANOVA with
Bonferroni test; n=3). (B): IWR administration suppressed the
enhancement of p-ERK that was induced by VCR (*P<0.05
versus Vehicle group; one-way ANOVA with Bonferroni test;
n=3). VCR, vincristine; p, phosphorylated; IWR, the inhibitors of
Wnt response.

Discussion

Accumulating evidence confirms the presence of
aberrant Wnt signaling in certain diseases. For example,
Wnt signaling is upregulated in the brains of patients with
schizophrenia (Ftouh et al. 2005) and downregulated in
the brains of patients with Alzheimer’s disease
(Nishimura et al. 1999, Caricasole et al. 2004). Wnt3a is
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a well-known activator of different Wnt signaling
pathways, and has been extensively examined in the
context of development and regeneration of nervous
systems (Packard et al. 2002, Fuerer et al. 2008, Liu et al.
2008). The present results indicated that VCR injection
augmented Wnt3a expression in the spinal cord.
VCR-activated binding of Wnts to Frizzled receptors
then
activation of the canonical Wnt/B-catenin signaling
Wnt/B-catenin
pathway inhibitor attenuated VCR-induced neuropathic
This Whnt/B-catenin

signaling may play critical roles in the pathogenesis of

caused [-catenin activation and subsequent

pathway. Furthermore, a signaling

pain. suggests that canonical
neuropathic pain induced by VCR. To the best of our
knowledge, this study is the first to delineate the
involvement of Wnt/B-catenin signaling in VCR-induced
neuropathic pain. However, further studies are required to
examine whether the non-canonical pathway is also
deregulated in CNP.

Neuropathic pain may be caused by undue
inflammation in both the peripheral nervous system and
CNS, which may contribute to the initiation and
maintenance of persistent pain (Ellis and Bennett 2013).
The resultant neuroinflammatory environment induces
glial activation in the spinal cord, which may be
important in nociception. As peripheral nociception is
activated by tissue inflammation and nerve injury,
microglial cells activate and release inflammatory
cytokines such as IL-6, TNF-a and IL-1PB, which initiate
the process of pain. Microglial cells recruit other
microglial cells to propagate the neuroinflammation,
which ultimately activates adjacent astrocytes, thus
extending the inflammatory boundary and resulting in
chronic neuropathic pain (Vallejo et al. 2010). In this
study, expression changes of inflammatory mediators
such as TNF-a and MCP-1 were examined and used to
determine astrocyte and microglial activation, as it is well
known that glial cells release increased amounts of
inflammatory mediators when they are activated (Jha and
Suk, 2014). Our data showed that VCR induced the
activation of microglia, astrocytes, TNF-a and MCP-1 in
the spinal cord of mice. However, the Wnt/B-catenin
signaling inhibitor IWR inhibited the activation of
astrocytes and microglia induced by VCR, as well as the
release of the inflammatory mediators MCP-1 and TNF-a
in the spinal cord. Inhibition of the Wnt/B-catenin
signaling pathway also prominently alleviates the
pathological activation of microglia initiated by partial
sciatic nerve ligation, and inhibits chronic constriction

injury-induced upregulation of TNF-o (Itokazu et al.
2014, Zhang et al. 2013). Since spinal glial cells play
important roles in neuropathic pain (Ji et al. 2013, Zhang
et al. 2012), these results suggests that the antinociceptive
effect of the aforementioned Wnt/B-catenin signaling
inhibitor may be partially mediated by the inhibition of
glia-mediated neuroinflammation in the spinal cord. Thus
Whnt/B-catenin in the

signaling may be involved

pathogenesis of VCR-induced neuropathic pain by
regulating  neuroinflammation.  Another  potential
mechanism by which the Wnt/B-catenin signaling

pathway may contribute to CNP is the regulation of
synaptic plasticity in pain neural circuits. Brain-derived
neurotrophic factor (BDNF) is a main regulator of
BDNF
upregulation induced by synaptic activity of peripheral

synaptic plasticity in nociceptive circuits.
pain depends on Wnt/B-catenin signaling activation
(Zhang et al. 2018). Wnt/B-catenin signaling regulates
BDNF release from
HIV-associated neuropathic pain (Zhou et al. 2020).
MAPKs (including JNK, ERK and p38)

signaling plays vital roles in the development and

spinal microglia to mediate

maintenance of inflammatory and neuropathic pain.
Previous studies have indicated that p-JNK is induced in
spinal astrocytes after spinal nerve injury and
CFA-induced inflammatory pain (Gao et al. 2010).
P-ERK is induced in sequence in neurons, microglia and
astrocytes by spinal nerve ligation and is activated in the
astrocytes of the spinal cord by complete Freund's
adjuvant (CFA) injection (Weyerbacher et al. 2010).
P-p38 is expressed in the microglia of the spinal cord
after nerve injury and acute inflammation (Svensson ef al.
2003). P-p38 and JNK was significantly increased by the
chemotherapy drug bortezomib (BTZ) in the dorsal root
ganglion (Liu er al. 2019). Chemotherapeutic VCR
activates JNK, ERK and p38 in the spinal cord (Shen
et al. 2015). The present study also showed that VCR
induced ERK1/2 activation. In addition, previous studies
show that a crosstalk between Wnt/B-catenin and MAPK
signaling. For example, Wnt3a activates JNK, ERK and
p38, and MAPKs regulatesWnt/B-catenin signaling
(Bikkavilli and Malbon 2009). Since the aforementioned
Whnt/B-catenin signaling pathway inhibitor reduced the
enhancement of VCR-induced upregulation of ERK1/2
and the established mechanical allodynia, our results
indicated that Wnt/B-catenin signaling inhibitors might
alleviate VCR-induced neuropathic
inhibition of MAPK/ERK signaling.

It is well-known that a major obstacle during

pain through
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cancer treatment is the development of resistance against
chemotherapeutic drugs. Previous studies have revealed
that  inhibition of  Wnt
chemoresistance. ~ For example, Wnt

signaling  prevents
inhibition
downregulates the expression of the DNA repair enzyme
(MGMT),

which is usually overexpressed in tumors and is

O6-methylguanine-DNA  methyltransferase

associated with the process of chemoresistance
(Wickstrom et al. 2015).

Whnt/B-catenin signaling pathway leads to downregulation

Suppression of the

of p-glycoprotein and attenuates chemoresistance (Shen
et al. 2013). The present study demonstrated that
of  Wnt/B-catenin
VCR-induced neuropathic pain possibly via suppression
of glia-mediated neuroinflammation and MAPK/ERK
signaling.

inhibition signaling  alleviated

In summary, this study demonstrated that
Whnt/B-catenin signaling in the spinal cord was crucial for
maintaining VCR-induced neuropathic pain and might
pave the way to a better understanding of the
pathogenesis of VCR-induced neuropathic pain. VCR
Wnt/B-catenin

signaling, astrocytes, microglia, TNF-a, MCP-1 and the

administration  markedly  activated
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