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Background: The aim of this study was to investigate the role of chemokine (C-X-C motif) ligand 13 (CXCL13) in morphine
tolerance in rats with cancer-induced bone pain (CIBP).
Material/Methods: We established a rat CIBP model and a rat CIBP-morphine tolerance (BM) model. BM rats were intrathecally
administered rmCXCL13, neutralizing anti-CXCL13, and normal saline, while the control group rats underwent
a sham operation and were injected with normal saline. The morphine analgesia was assessed by measuring
mechanical withdrawal threshold (MWT) and mechanical withdrawal duration (MWD) at various time points.
The co-expressions of CXCL13 and NeuN were measured by immunofluorescence double-staining. CXCL13 pro-
tein and mRNA expressions were detected by Western blot and quantitative real-time polymerase chain reac-
tion (RT-gPCR), respectively.

Results: Compared to the sham-operation (S) group, the BM group showed obviously decreased MWT and increased
MWD on Day 9 after CIBP, but obviously increased MWT and decreased MWD on Day 3 after morphine admin-
istration; subsequently, the MWT was decreased and MWD was increased (all P<0.05). In comparison with the
S+saline group, increased MWT and decreased MWD were observed in BM rats on Day 3 after anti-CXCL13 ad-
ministration, and obviously decreased MWT and increased MWD were found in BM rats on Day 3 after rmCX-
CL13 administration (all P<0.05).

Conclusions: Up-regulated CXCL13 has a negative role in morphine analgesia in relief of CIBP, which may provide a new tar-
get for the management of CIBP.
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Background

Pain is the most common symptom in cancer patients. About
75-90% of patients with metastatic or advanced-stage cancer
will suffer metastatic cancer-induced bone pain (CIBP), and the
severity of CIBP is closely correlated with the extent of bone
destruction [1-3]. CIBP is commonly induced by primary bone
cancer or secondary bone metastasis from other malignancies,
such as breast, prostate, and lung cancer, which may produce
excruciating bone pain [4-6]. Generally, the primary treatment
of CIBP is utilization of opioids and other adjuvants, such as
morphine, nonsteroidal anti-inflammatory drugs, and cannabi-
noids [7]. Morphine relieves chronic and acute pain by binding
the p opioid receptor (MOR) on the sensory neurons in cen-
tral and peripheral nervous systems, but adequate analgesia
may not be achieved due to drug tolerance [8]. Tolerance to
analgesia caused by repeated usage of morphine, the atten-
uation of analgesic efficacy, and the shortened analgesic du-
ration may limit the long-term therapy of cancer patients [9].
Previous studies hypothesized several different mechanisms of
morphine tolerance, such as content alterations in neurotrans-
mitters, functional changes in receptors, and down-regulation
of opioids receptors [10,11], but the exact underlying mecha-
nisms of morphine tolerance are still unclear.

Recently, some chemokines, including C-X-C motif chemokine
10 (CXCL10), C-C motif ligand 2 (CCL2), CX3C chemokine re-
ceptor 1 (CX3CR1), and C-C motif ligand 5 (CCL5), have been
studied in the spinal cord and may be involved in CIBP devel-
opment [12-14]. CXCL13 is a kind of homeostatic chemokine
that is constitutively secreted by stromal cells in the B cell
areas of secondary lymphoid tissues [15]. Increased CXCL13
expression was found in systemic lupus erythematosus and
correlated with disease activity, which might be a readily avail-
able surrogate marker to monitor the extent of aberrant B cell
function [16]. CXCL13 may mediate B cell trafficking by inter-
acting with C-X-C chemokine receptor type 5 (CXCR5) and is
increased proportionately to disease activity in many anti-
body-mediated syndromes [17,18]. Commonly expressed in an-
gio-immunoblastic T cell lymphoma, CXCL13 expression may
be associated with the attraction of human metastatic neu-
roblastoma cells to bone marrow via mediating CXCR5 [19].
Chemokines and chemokine receptors have been reported to
be involved in neuroinflammation at different anatomical lo-
cations and may contribute to chronic pain processing [20,21].
Inflammatory responses are frequently combined with the de-
velopment of neuropathic pain, and chemokines have been re-
ported to be crucial in integrating the occurrence of pain and
inflammation [22-24]. NeuN is a neuronal nuclear antigen that
is commonly used as a biomarker for neurons, and increased
pINK levels were co-expressed with NeuN (a neuron marker)
in spinal cord and participated in CIBP in rats [25,26]. In ad-
dition, CXCL13 mRNA was colocalized with neuronal marker,
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suggesting that CXCL13 is induced by neurons but not with
markers of astrocytes or microglia, and neuronally produced
CXCL13 activates astrocytes via CXCR5 to facilitate neuro-
pathic pain [27]. The exact relationship between the expres-
sion of CXCL13 and NeuN in CIBP has not be clearly defined.
In addition, chemokines and opioids are important regulators
of immune, inflammatory, and neuronal responses in periph-
eral and central pain pathways [28]. However, it is not clear
whether CXCL13 is involved in the mechanisms of tolerance
to analgesic drugs, including morphine tolerance, in the man-
agement of cancer pain.

In the present study we examined the expression levels of
CXCL13 protein and mRNA in spinal cord using a well-estab-
lished rat model of CIBP, and investigated the role of CXCL13
in the occurrence and maintenance of CIBP. We also estab-
lished a morphine tolerance model in CIBP rats to explore
whether CXCL13 is involved in the development of morphine
tolerance in CIBP rats, to provide a new target for cancer pain
management.

Material and Methods

Animals and establishment of animal models

Experiments were performed on 100 specific pathogen-
free (SPF) adult female Sprague-Dawley (SD) rats, weighing
180-200 g, from the Shanghai Experimental Animal Center
(Shanghai, China; Certificate number: SCXK (Hu) 2013-002).
Under a temperature-controlled condition (20-25°C), the rats
were acclimatized in a clean-grade animal house with 40—
70% humidity (aiming for 50%) with a 12/12 h light/dark cy-
cle. All SD rats were acclimated to local vivarium conditions
with appropriate airflow (indoor wind speed: 0.1-0.2 m/s) with-
out draftiness. All studies were approved by the Institutional
Animal Care and Academic Committee on the Ethics of Animal
Experiments of Linyi People’s Hospital and were performed in
strict compliance with the Ethical Issues of the International
Association for the Study of Pain. Efforts were exerted to reduce
the number of animals used and to minimize their suffering.

Model of bone cancer pain

A rat model of bone cancer pain was established by the intra-
thecal injections of Walker 256 mammary gland carcinoma cells
(10 pl, 4x10° cells/mL, purchased from Shanghai Institutes for
Biological Sciences) into the intramedullary space of the right
proximal tibia in rats, as previously described [29]. Bone de-
struction was diagnosed by X-ray examination. Thirty rats were
randomly separated into 3 groups: (1) healthy control group
(C group, n=10) rats were subjected to no treatment; (2) sh-
am-operation group (S group, n=10) rats underwent surgery,
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but only exposed the right proximal tibia of rats; and (3) CIBP
group (n=10) rats were used to establish the tibial cancer pain
model. The mechanical withdrawal threshold (MWT) and me-
chanical withdrawal duration (MWD) of rats were measured on
preoperative Day 1 (T) and on Days 3 (T), 6 (T,), 9 (T,), 12 (T),
15 (T,), and 18 (T,) after CIBP modeling. On Day 18, all rats in
the 3 groups were decapitated. The co-expressions of CXCL13
and NeuN in neurons were measured by immunofluorescence
double-staining and the expression levels of CXCL13 protein
and mRNA were measured by Western blot and quantitative
real-time polymerase chain reaction (RT-qPCR), respectively.

Model of bone cancer pain morphine tolerance (BM model)

After the rat model of bone cancer pain was successfully es-
tablished for 9 days as previously described, the rats were in-
trathecally given morphine (20 pg/kg, diluted with the phys-
iological saline up to 100 pl) twice daily (at 10: 00 am and 8:
00 pm) from Day 9 to Day 18, to establish the rat model of
morphine tolerance. Thirty adult female SD rats were random-
ly divided into 3 groups: (1) sham-operation group (S group,
n=10) rats were underwent surgery, but only exposed the right
proximal tibia of rats; (2) morphine group (M group, n=10) the
rats were intrathecally administered morphine 20 pg/kg (di-
luted with physiological saline up to 100 pl) twice daily from
Day 9 to Day 18 after 10 pl of heat-inactivated Walker 256
cells were injected into tibial marrow cavity; and (3) bone can-
cer pain-morphine tolerance (BM group) rats were intrathecal-
ly administered 20 pg/kg morphine (diluted with the physio-
logical saline up to 100 pl) twice daily from Day 9 to Day 18
after CIBP models were well-established by Walker256 carci-
noma cells. The MWT and MWD of the rats were determined
on pre-operative Day 1 (T,), on Day 3 (T)), 6 (T,) and 9 (T,) af-
ter CIBP modeling, and on Day 3 (T,), 6 (T,) and 9 (T,) after in-
trathecally administering morphine. On Day 18, all rats in the
3 groups were decapitated. The expression levels of CXCL13
protein and mRNA were measured by Western blot and RT-
gPCR, respectively.

Forty adult female SD rats were randomized into 4 groups. Rats
in the S+saline group (n = 10) received sham operation of tib-
ia and on Day 6 were intrathecally injected with 100 ng saline
for 3 days. The remaining 30 rats had the BM model success-
fully established. Then, the rats were divided into 3 groups:
(1) BM+rmCXCL13 group (n=10) rats were intrathecally in-
jected with 30 ng rmCXCL13 for 3 days from Day 6 after the
BM model was successfully established; (2) BM+anti-CXCL13
group (n=10) rats were intrathecally injected with 100 ng an-
ti-CXCL13 neutralizing antibody for 3 days from Day 6 after
the BM model was successfully established; and (3) BM+saline
group (n=10) rats were intrathecally injected with 100 ng sa-
line for 3 days from Day 6 after the BM model was success-
fully established. The MWT and MWD of the rats were used to
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evaluate their behaviors on pre-operative Day 1 (T); on Days 3
(T), 6 (T,), and 9 (T,) after CIBP modeling; on Days 3 (T,) and
6 (T,) after intrathecally administering morphine; and on Day
3 (T,) after intrathecally administering drugs (rmCXCL13, an-
ti-CXCL13, and saline). Rats were decapitated after intrathe-
cally administering drugs for 3 days. The expression levels of
CXCL13 protein and mRNA were measured by Western blot
and RT-qPCR, respectively.

Behavioral measurements
Determination of MWT

Rats were placed in plexiglas cages (10x10x15 ¢m) and ac-
climated for 15 min. All rats were tested for their withdrawal
threshold of the plantar surface using Von Frey filaments stim-
ulation. Von Frey filaments, with bending forces at 0.4, 0.6, 1.0,
2.0, 4.0, 6.0, 8.0, and 15.0 g, were used to stimulate the plan-
tar surface in a progressively increasing manner for a continu-
ous period of 3-5 s. Withdrawal of a hind paw upon the stimu-
lus was defined as a positive response. In this study, filaments
with 2.0 g bending force were used to stimulate the plantar
surface. If the rat showed positive reaction, we reduced the
bending force; but if the rat showed a negative reaction, we
increased the bending force of Von Frey filaments. Each stimu-
lus was repeated 5 times with 10-min intervals, and the mean
was defined as MWT for this measurement. The data were cal-
culated by the formula: 50%MWT=10%*/10000 (X defined as
the last bending force; k defined as the coefficient; ¢ defined
as the mean interval between the bending forces, 6=0.224).

Determination of MWD

Rats were also placed in plexiglas cages as previously de-
scribed. A pin prick was used to stimulate the lateral part of
the plantar surface of the paw in C group rats at an intensity
sufficient to indent but not penetrate the skin. A stopwatch
was used to record the duration of paw withdrawal, with an
arbitrary minimal time of 0.5 s (for the brief normal response)
and a maximal cut-off of 10 s.

Immunofluorescence double-staining

Rats were sacrificed after the measurement of withdrawal
threshold. The rats were post-fixed in 4% paraformaldehyde
through the left ventricle, the abdominal cavity was opened
downward from the cartilago ensiformis, surrounding tissues
and blood vessels were separated to expose the spine, the 4t
spinal canal corresponding to the 12t rib was removed to ob-
tain spinal cord from the L4-L6 segments, and the obtained
spinal cord from the L4-L6 segments were immediately placed
in liquid nitrogen for preservation and for further detection.
The spinal cord from the L4-L6 segments were successively
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soaked in 10% and 30% sucrose and dehydrated at 4°C un-
til the tissues sank. Serial sections (30-pum-thick) of the spi-
nal cord from the L4-L6 segments were made with a freezing
microtome. The sections were washed in phosphate-buff-
ered saline (PBS) and blocked with bovine serum albumin
(BSA) for 30 min. After washing 3 times with PBS, the sec-
tions were incubated with the primary antibodies — goat an-
ti-rat CXCL13 polyclonal antiserum (1:100; Santa Cruz, USA)
and rabbit anti-rat NeuN (1:200; Chemicon, USA) — overnight
at 4°C. Subsequently, sections were washed 3 times with PBS
and incubated with secondary antibodies: Cy3-labeled anti-
goat antibody (1:200; Jackson, USA) and FITC-labeled anti-rab-
bit 1gG (1:200; Jackson, USA). After 2 h of incubation at room
temperature, the sections were washed 3 times with PBS and
blocked with 50% glycerin. Laser-scanning confocal microsco-
py (Eppendorf, Germany) was used to photograph the co-ex-
pression of CXCL13 and NeuN. The expression of CXCL13 and
NeuN respectively appeared as red fluorescence and green
fluorescence, and the co-expression of CXCL13 and NeuN ap-
peared as yellow fluorescence.

Detection of the CXCL13 mRNA expression by RT-qPCR

The detection of CLCX13 mRNA expression was by RT-gPCR
(Thermo, USA), and GAPDH was used as an endogenous ref-
erence for CLCX13. Total mRNA was extracted from the spinal
cord from the L4-L6 segments using TRIzol reagent (Invitrogen)
following the manufacturer’s instructions. After the concentra-
tion of the purified mRNA was verified, we conducted reverse
transcription. The reverse transcription reaction mix contained
2.5 pl buffer (supplemented with Mg), 0.5 pl dNTP, 0.4 pl Tap,
1 pl CXCL13 forward primers, 1 ul CXCL13 reverse primers, 2
ul template DNA, and 12.6 pl H,0. The forward primers and re-
verse primers of CXCL13 were 5-CTGCTCGGAATCTTAGTGT-3’ and
5‘-GGTAATGCGTCTGCTTCT-3’, respectively. The forward prim-
ers and reverse primers of glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) were 5‘-GGCACAGTCAAGGCTGAATG-3’ and
5‘-ATGGTGGTGAAGACGCCAGTA-3’, respectively. The PCR reac-
tion conditions were initial denaturation at 95°C for 30 s and
40 cycles of denaturation at 95°C for 8 s and annealing/exten-
sion at 60°C for 32 s. The cycle number at threshold (Ct value)
was used to calculate the relative amount of CXCL13 mRNA
molecules. The results are presented as fold-change, calculat-
ed using the 224" method [30].

Western blot for CXCL13 protein expression

Western blot analysis was used to detect CXCL13 protein lev-
el. The spinal cord from the L4-L6 segments were lysed in pro-
tein extraction buffer and the protein concentration was deter-
mined by bicinchoninic acid (BCA) assay and denaturation at
95°C for 10 min. Total 50 pg protein (20ul) was separated by
5% sodium dodecyl sulfate-polyacrylamide gel electrophoresis
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(SDS-PAGE) using constant 80 V voltage, and then the 12%
separating gel were electrophoresed with constant 100 V volt-
age for 3 h and transferred to polyvinylidene difluoride filter
membranes at room temperature for 2 h using a wet trans-
fer system under a constant 295 mA current. After blocking
with 5% non-fat dry milk at room temperature for 1 h in Tris-
buffered saline containing 0.1% Tween-20 (TBST; washed 3
times), membranes were incubated with primary antibod-
ies: goat anti-rat CXCL13 polyclonal antiserum (1:100; Santa
Cruz, USA) and mouse anti-rat B-actin (1:2000; CST, USA) at
4°C overnight. Following primary antibody incubations, mem-
branes were washed 3 times with TBST and incubated with
secondary antibodies: rabbit anti-goat IgG (1:5000; Jackson,
USA) and rabbit anti-rat 1gG (1:5000; Jackson, USA) for 2 h at
room temperature, and visualized by a standard chemical lu-
minescence method. The Gel Documentation System was used
to identify the integral optical density of the bands in the gels.
The integral optical density of each band was calculated, and
the relative expression of CXCL13 was the ratio of the inte-
gral optical density of CXCL13 and B-actin.

Statistical method

SPSS 21.0 statistical software (SPSS Inc., Chicago, IL) was used
for statistical analysis. The measurement data are expressed
by mean and standard deviation (x+s). Normality test and
variance homogeneity test were used in comparison between
groups. One-way ANOVA analysis was used for multiple group
comparisons. The LSD t test was used in comparison of multi-
ple groups’ averages. Differences of comparisons between dif-
ferent time points were made by repeated measures ANOVA.
P<0.05 was considered statistically significant.

Results

CIBP model was successfully established

The rats in the S group and CIBP group were in basically nor-
mal state of drinking and eating, and the wounds of rats were
well healed and rats were in good vitality state. The mental
state of rats in the CIBP group became worse, with poor ap-
petite and the body weight of rats only had a low increase
from Day 9. Until Day 15, the body weight of rats in the CIBP
group seems to be a downward trend; however, the rats in the
S group were in good condition. Compared with the C group,
the body weight of rats in the S group at each time point had
no significant difference (all P>0.05). In comparison to the S
group and C group, the body weight of rats in the CIBP group
was significantly different at time points T, (all P<0.05).

There were no obvious differences in MWT and MWD of rats
at each time point of preoperative and postoperative periods
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between the C group and S group (all P>0.05). The X-ray re-
sults showed no obvious bone destruction in the S group at
each time point. Compared with the C group and S group, the
MWT and MWD were significantly different in the CIBP group
at time points T,  (all P<0.05) (Table 1). X-ray imaging indicat-
ed that rats in the CIBP group had obvious bone destruction
from Day 9 (T,) after CIBP modeling (Figure 1). The value of
MWT at T, in the CIBP group was obviously decreased, while
the value of MWD at T, in the CIBP group was obviously in-
creased, as compared to the values of MWT and MWD at T
,» respectively. The value of MWT was continuously decreased
and the value of MWD was continuously increased at T, in
the CIBP group (all P<0.05), suggesting that the CIBP model
was successfully established.

The expression levels of CXCL13 protein and mRNA in rats
with CIBP

Immunofluorescence double-staining results showed that
CXCL13 was more highly expressed in the spinal cord neurons
of the CIBP group as compared to the C group and S group, in-
dicating that neuropathic pain may induce the up-regulation
of CXCL13 expression level, and the activation of astrocytes
was inhibited (Figure 2). No significant differences in the ex-
pression levels of CXCL13 protein and mRNA were observed
between the C group and S group (both P>0.05). However, the
expression levels of CXCL13 protein and mRNA in the CIBP
group were obviously increased in comparison to the C group
and S group (both P<0.05) (Figure 3).

BM model was successfully established

The rats in the 3 groups were in good health during the ex-
periments, and the body weight of rats had a low increase,
but no obvious difference in body weight was found between
each time point (all P>0.05). Compared with the S group, the
value of MWT in M group rats declined at time points T, and
T,, while the value of MWD increased (all P<0.05). In the BM
group, the value of MWT of rats declined at the time points
of T, , but the MWD increased compared with the S group (all
P<0.05). Compared to the M group, the values of MWT in the
BM group declined at the time points of T, T, and T, but the
MWD increased (all P<0.05). There were no significant differ-
ences in MWT and MWD in the S group at each time point
during the whole process (both P>0.05). In the BM group, the
value of MWT declined significantly and the MWD increased
obviously at the time point of T,; but at the time point of T,
MWT rose and MWD declined to the values at the time point of
T,. Moreover, at the time points of T, and T, the value of MWT
was obviously reduced, and the value of MWD was obvious-
ly increased (all P<0.05). These results demonstrate that mor-
phine has good analgesic effect on bone cancer pain (Figure 4).
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Changes of CXCL13 protein and mRNA levels in BM rats

The expression levels of CXCL13 protein and mRNA after intra-
thecally administering morphine for 9 days were measured by
Western blot and RT-gPCR, respectively (Figure 5). The expres-
sion levels of CXCL13 protein and mRNA in the M group were
reduced as compared to the S group, but no significant dif-
ferences were observed between the 2 groups (both P>0.05).
However, the expression levels of CXCL13 protein and mRNA
in the BM group were significantly higher than those in the S
group and M group (all P<0.05).

Effects of CXCL13 on morphine tolerance in rats with bone
cancer pain

No significant differences were observed on MWT and MWD
of rats in the S+saline group at different time points, and at
the time points of T, , there were no significant differences in
MWT and MWD among the BM+saline group, BM+rmCXCL13
group, and BM+anti-CXCL13 group (all P>0.05). However, the
MWT and MWD at the time points of T__ in these 3 groups
had significant differences as compared to the S+saline group
(all P<0.05). On Day 3 after intrathecally administering anti-
CXCL13, in the BM+anti-CXCL13 group the value of MWT was
significantly increased, MWD was significantly decreased, and
these differences were significantly different as compared to
the S+saline group (all P<0.05). In addition, the value of MWT
was significantly decreased and MWD was significantly in-
creased in the BM+rmCXCL13 group on Day 3 after intrathecal-
ly administering rmCXCL13, and these differences were signifi-
cantly different compared to the S+saline group (all P<0.05). In
the BM+saline group and BM+rmCXCL13 group, the expression
levels of CXCL13 protein and mRNA were significantly higher
on Day 3 after intrathecally administering drugs as compared
to the S+saline group (all P<0.05). Furthermore, the expres-
sion levels of CXCL13 protein and mRNA in the BM+rmCXCL13
group were significantly higher than those in the BM+saline
group (P<0.05). We also found that the expression levels of
CXCL13 protein and mRNA in the BM+anti-CXCL13 group were
higher than that in the S+saline group, but with no significant
differences (P>0.05) (Table 2, Figure 6).

Discussion

In this study, we further investigated the expression levels
of CXCL13 protein and mRNA in the spinal cord of rats with
CIBP and explored the role of CXCL13 in the development of
morphine tolerance in rats with CIBP. The results showed that
the expression levels of CXCL13 protein and mRNA in the spi-
nal cord were obviously increased in rats with CIBP, suggest-
ing that the increased CXCL13 expression levels contributed
to the development of CIBP in rats. Further, we found that the
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Table 1. The changes of body weight, MWT and MWD of rats at different time points (n=10, x+ s).

Weight

T 186.85+2.94 187.20+3.06 187.05+2.99 14.12+1.83 14.20+1.95 14.18+2.06 0.75%0.26 0.70+0.26 0.70+0.26

T 245.40+5.57 243.10+6.10 215.65+6.25*% 14.13+1.75 13.52+1.74 7.03+1.04** 0.80+0.26  0.80+0.35 5.60+1.02**

C group — healthy control group; S group — sham-operation group; CIBP group — cancer-induced bone pain group; MWT — mechanical
withdrawal threshold; MWD — mechanical withdrawal duration; T, — pre-operative Day 1; T, ,— Day 3, 6, 9, 12 and 18 post CIBP
modeling, respectively. * Compared with C group, P<0.05; # Compared with S group, P<0.05.

|I

I
Figure 1. X-ray images of the right proximal tibia of rats. C group, healthy control group; S group, sham-operation group; CIBP group,
cancer-induced bone pain group. (A) X-ray image of the healthy control rats (C group); (B) X-ray image of sham-operation

rats (S group); (C) X-ray image of the rats on Day 6 post CIBP modeling; (D) X-ray image of the rats on Day 9 post CIBP
modeling; (E) X-ray image of the rats on Day 12 post CIBP modeling.
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Figure 2. The expression levels of CXCL13 protein and mRNA detected by immunofluorescence double-staining (200x). C, healthy
control group; S, sham-operation group; CIBP, cancer-induced bone pain group; Red fluorescence: the expression of CXCL13;
Green fluorescence: the expression of NeuN; Yellow fluorescence: the co-expression of CXCL13 and NeuN.
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Figure 3. The expression levels of CXCL13 protein and mRNA on postoperatively Day 18 were detected by Western blot and RT-qPCR,
respectively. C group, healthy control group; S group, sham-operation group; CIBP group, cancer-induced bone pain group.
(A) The expression of CXCL13 mRNA was examined by RT-qPCR. (B) The expression of CXCL13 protein was examined by
Western blot. (C) CXCL13 mRNA expression in CIBP group was significantly higher than that in the C group and S group;
(D) CXCL13 protein expression in CIBP group was significantly higher than that in the C group and S group. * Compared with
C group, P<0.05; # compared with S group, P<0.05.
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Figure 4. Changes in MWT and MWD of rats at each time point. S group, sham-operation group; M group, morphine group; BM group,
bone cancer pain morphine tolerance group; MWT, mechanical withdrawal threshold; MWD, mechanical withdrawal duration;
T,: pre-operative Day 1; T, _;: Day 3, 6, and 9 post CIBP modeling; T, : Day 3, 6 and 9 after intrathecally administering
morphine. (A) The changes of MWT of rats at each time point in these 3 groups; (B) The changes of MWD of rats at each
time point in these 3 groups. * Compared with S group, P<0.05; # compared with M group, P<0.05.
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Figure 5. The expression levels of CXCL13 protein and mRNA after 9 days of intrathecally administering morphine were measured by

Western blot and RT-qPCR, respectively. S group, sham-operation group; M group, morphine group; BM group, bone cancer
pain morphine tolerance group. (A) The expression of CXCL13 mRNA was examined by RT-qPCR. (B) The expression of
CXCL13 protein was examined by Western blot. (C) CXCL13 mRNA expression in the BM group was significantly higher than
that in the S group and M group; (D) CXCL13 protein expression in the BM group was significantly higher than that in the S
group and M group. * Compared with S group, P<0.05; # Compared with M group, P<0.05.

CXCL13 protein reduced the value of MWT and increased the the occurrence of morphine tolerance in rats with CIBP, and

value of
tralizing

MWD, and the blocking function of CXCL13 by neu- the increased CXCL13 may play a negative role in morphine
anti-CXCL13 antibody may enhance morphine anal- analgesia in relief of CIBP.

gesia. These results indicate that CXCL13 may be involved in
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Table 2. The changes of MWT and MWD of rats at different time points (n=10, + s).

BM+ anti- BM+ anti-

CXCL13 CXCL13

Ty 14.15+£1.70 14.09+1.72 14.18+1.63 14.16+1.55 0.80+0.26 0.85+0.24 0.75+0.26 0.85+0.24
T, 1408:166  1262:161  1246+153 12674158  085:034  080:035  085:034 0801035
T, 14108169  1178:165  1183:154 11854149  080£026  095:037  095:028  090:039
T, 13974154 722+109°  696:107*  714tL16* 0756026  355:101%  365+125°  3.55:114%
T, 14061167 1145:147° 1128+135° 11495140  075:026  130£035*  125:035*  120:0.26*
T, 1418:159 6481098  655+106°  664+L12°  080£026  505:096"  510:097%  495:101%
T, 14055158 6314102 3188053 1156:143°% 0756026  54061.02°  7756177°  115£0.24%%

MWT — mechanical withdrawal threshold; MWD — mechanical withdrawal duration; S+saline group — rats were underwent sham
operation and injected with saline; BM+saline group — rats with bone cancer pain-morphine tolerance and injected with saline;
BM+rmCXCL13 group — BM rats injected with rmCXCL13; BM+anti-CXCL13 group — BM rats injected with anti-CXCL13.

T, — pre-operative Day 1; T, — Day 3, 6 and 9 post CIBP modeling; T, . — Day 3 and 6 after intrathecally administering morphine;
T, — Day 3 intrathecally administering drugs. * Compared with S+saline group, P<0.05; * Compared with BM+saline group, P<0.05;
& Compared with BM+rmCXCL13 group, P<0.05.

A B
S+saline BM+saline  BM+rm(XCL13  BM-+anti-rmCXCL13 S+saline BM+saline BM-+rmCXCL13 BM-+anti-rmCXCL13

X3 XL — s S

GAPDH

U S — S —

C D
18 8 x4
15
= 7 3 6
S 2 *
21 a
v =
= s
= o £ 4
= k2]
£ g #&
g °) g )
3
0- 0
S+saline BM-tsaline BM-+rmCXCL13 BM+anti-rmCXCL13 S+saline BM-saline BM-+rmCXCL13 BM-+anti-rmCXCL13

Figure 6. The expression levels of CXCL13 protein and mRNA after 3 days of intrathecally administering drugs (saline, anti-CXCL13,
or rmCXCL13) were measured by Western blot and RT-qPCR, respectively. S+saline group: rats underwent sham operation
and were injected with saline; BM+saline group: rats with bone cancer pain morphine tolerance and injected with saline;
BM+rmCXCL13 group: BM rats injected with rmCXCL13; BM+anti-CXCL13 group: BM rats injected with anti-CXCL13
neutralizing antibody. (A) The expression of CXCL13 mRNA after intrathecally administering drugs was examined by RT-
gPCR. (B) The expression of CXCL13 protein after 3 days of intrathecally administering drugs was examined by Western blot.
(€) The comparisons of CXCL13 mRNA expression among the 4 groups; (D) The comparisons of CXCL13 protein expression
among the 4 groups. * Compared with S+saline group, P<0.05; # Compared with BM+saline group, P<0.05; & Compared with
BM+rmCXCL13 group, P<0.05.
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It was well known that chemokines may induce the directional
migration of cells, particularly of leukocytes during inflamma-
tion, and the prolonged inflammation may facilitate carcinogen-
esis by providing a microenvironment for the growth of tumor
cells [31]. Acting as an important chemokine, CXCL13 is pivotal
in establishing adaptive immune response, which may attract
B cells, and facilitates the production of antibodies and local
inflammation [32,33]. Additionally, CXCL13 expression is up-
regulated by TNF-o. and by T cell receptor stimulation [34,35].
CXCL13 could also serve as a marker reflecting the local activity
of inflammation of diseases [35,36]. It has been reported that
the CXCR5-CXCL13 axis is critical to the generation of immu-
nological memory, as the interaction between T follicular help-
er and B cells plays a key role in the formation of plasma cells
and autoantibody production [34,37]. Moreover, Singh et al.
found that the CXCR5-CXCL13 axis may be involved in the cell
migration, invasion, and adhesion of prostate cancer [38]. On
the other hand, the alterations of chemokines expression com-
bined with chemokines receptors may be associated with the
generation and maintenance of neuropathic pain or chronic
pain, and the up-regulation of chemokines in the spinal cord
has been reported to be essential to the development of can-
cer pain [39,40]. CXCL1 has been reported to be up-regulated
in astrocytes after spinal nerve ligation and contribute to the
maintenance of neuropathic pain, and the increased CXCL1
expression may be involved in CIBP development [41]. A pre-
vious study has demonstrated that the increased expression
levels of CX3CR1 in the spinal cord may play a key role in fa-
cilitating pain processing in rats with bone cancer pain [13].
In our study, both Western blot and RT-gPCR results showed
that CXCL13 was highly expressed in the spinal cord after the
CIBP model was well-established; indicating that the neuro-
pathic pain may induce the up-regulation of CXCL13 expres-
sion level and inhibit astrocyte activation, and CXCL13 may be
closely associated with the development of CIBP.

In the present study we also found that the CXCL13 protein and
mRNA expression levels were significantly higher in BM rats,
and the value of MWT increased significantly and the MWD ob-
viously decreased in BM rats after injection with anti-CXCL13
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neutralizing antibody. These results suggest that activation of
the CXCL13 pathway may be essential to the occurrence and
maintenance of CIBP, and blocking the function of CXCL13 by
neutralizing antibodies could inhibit the development of mor-
phine tolerance and enhance morphine analgesia. Morphine
relieves pain by binding the MOR on the sensory neurons in
the central and peripheral nervous systems, but the tolerance
of morphine may weaken the analgesia effects [4,42]. The de-
crease of MOR in specific subpopulations of primary afferent
neurons in the spinal cord may affect the analgesia effects [43].
It has been reported that morphine may induce the release
of nitric oxide synthase of the primary sensory neuron, which
may lead to hyperpolarization of neurons, which can produce
the analgesia effect [44], while the chemokines may inhibit
the hyperpolarization of neurons in the periaqueductal gray
(PAG) areas that are induced by morphine [45]. Further, the
chemokine interactions with the opioid neuropeptide system
may inhibit opioid analgesics in the treatment of inflammato-
ry pain [46]. In this regard, we suspect that CXCL13 suppress-
es the morphine-induced hyperpolarization of sensory neu-
rons in the spinal cord by inducing the interaction between
its receptor and MOR, which may weaken the morphine an-
algesia. Therefore, the inhibition of CXCL13 expression may
prevent the development of morphine tolerance and enhance
morphine analgesia, which is in line with our study results.

Conclusions

We found increased expression levels of CXCL13 protein and
mRNA in rats with CIBP, indicating that the chemokine CXCL13
plays a key role in the occurrence of morphine tolerance in rats
with CIBP, and the up-regulated expression of CXCL13 may play
a negative role in morphine analgesia in relief of CIBP. Blocking
CXCL13 function by neutralizing anti-CXCL13 antibody may be
key to enhanced morphine analgesia.
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