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Abstract: Objective: To investigate the effects of EphB1 inhibitor (EphB1-Fc) on tibial cancer pain in rats by intrathecal injection and its related mechanism. Methods: Thirty two male SD rats successfully underwent sheath built-in
tube were assigned into 4 groups (n=8) according to random number table: sham operation group (C group, as
normal control group), model group (BCP group), model + solvent group (BCP + DMSO group), model + EphB1-Fc
group (BCP + E group). A model of bone cancer pain (BCP) was established by injecting Walker256 rat breast cancer
cells into the medullary cavity of left tibial. Intramuscular administration was performed 1 day after BCP modeling,
once a day for 14 days. The rats in BCP + DMSO and BCP + E groups were respectively injected intrathecally with 20
µl 10% DMSO and 10 µg EphB1-Fc for 20 µl. The mechanical withdrawal threshold (MWT) and thermal withdrawal
latency (TWL) of rats’ left hindlimb were measured at 1 day before operation and 1, 3, 5, 7 and 14 days after operation. On the 14th day after operation, Western blot was adopted to detect phosphorylation of JNK and activation of
NF-κB p65 in the rat’s spinal dorsal horn of each group. Results: Praxiology: compared with C group, the MWT and
TWL of BCP group decreased significantly from 5th to 14th day after operation. Compared with BCP group 1 day
before operation, the MWT and TWL of that showed a progressive reduction from 5th to 14th day after operation,
and it reached the maximum level on the 14th day after the inoculation of tumor cells. Thermal and mechanical
hyperalgesia caused by tumor cell implantation were significantly inhibited from 5th to 14th day after operation
through successive intrathecal injection of EphB1-Fc, an inhibitor of EphB1 receptor signaling pathway; meanwhile,
repeated use of EphB1-Fc significantly inhibited the activation of NF-κB p65 protein (P=0.02) and the phosphorylation of JNK protein (P=0.01) induced by BCP. Conclusion: EphB1-Fc can block the activation of JNK and NF-κB p65
pathway by inhibiting the binding of EphB1 and its receptor, thus alleviating the tibia cancer pain in rats.
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Introduction
Bone is one of the common metastatic sites of
cancer, and bone cancer pain (BCP) is a common clinical chronic pathological pain, mainly
manifested as hyperalgesia, and abnormal
hyperalgesia. On the grounds of its unclear
pathogenesis and poor treatment effects, BCP
has serious effects on patients’ life, therefore,
it is very urgent to further explore the mechanism of BCP, and find new drugs and gene targets to prevent and treat BCP [1, 2]. Tumor tissues contain many different types of cells, such
as macrophage, neutrophile, lymphocyte, etc.
[3]. These cells can secrete a variety of sub-

stances which can excite the primary afferent
neurons, including prostaglandin, endothelin,
cytokine, etc. Binding with their corresponding
receptors in the primary afferent neurons,
these substances give rise to the excitement of
neurons, transmit nociceptive information into
the central nerve, and thus cause pain.
Eph receptor is currently known as the largest
receptor family tyrosine kinase. Recently, researchers have found increasing significances of
Eph receptor. In addition to regulating a variety
of cells’ transmembrane signal transduction
apoptosis, Eph receptor also plays an important role during the process of organic deve-
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lopment, especially in the development of central nervous system. Recent studies have found
that Eph receptor signaling system also has a
strong effect on the regulation of neuralgia and
inflammatory pain [4, 5]. Therefore, it is of great
theoretical and practical significance to further
study the mechanism of BCP and to seek for a
new and more effective cancer pain target. This
study aims to investigate the effect of EphB1
inhibitor (EphB1-Fc) by intrathecal injection, in
order to further explore the mechanism of
EphB1 signaling pathway on tibial cancer pain
in rats.
Materials and methods
Experimental animals
Thirty-two healthy adult male SD rats, (6-8
weeks old, weight 180-220 g) were provided by
the Southern Medical University Experimental
Animal Center. The rats were given a free diet
in a temperature-controlled room at 20-24°C,
and were performed the experiment after 5
days’ adaptation of this environment.
Experimental grouping
Thirty-two rats were divided into 4 groups (n=8)
in accordance with random number table: normal control group (C group), model group (BCP
group), model + solvent group (BCP + DMSO
group), model + EphB1-Fc group (BCP + E
group). A model of BCP was established by
injecting Walker256 rat breast cancer cells into
the medullary cavity of left tibia. Intramuscular
administration was performed 1 day after BCP
modeling, once a day for 14 days. The rats in
BCP + DMSO and BCP + E groups were respectively injected intrathecally with 20 µl 10% DMSO and 10 µg EphB1-Fc for 20 µl. This study
followed the guidelines for the protection and
usage of experimental animals and was approved by the Experimental Animal Ethics
Committee.
Experimental methods and observation indexes
Experimental instruments and materials:
EphB1-Fc (Sigma Company, the USA), DMSO
(Beijing Super Chemical Instrument Co., Ltd,
China), Anti-p-JNK (Celling Signaling Company,
the USA), Anti-NF-κB p65 (Abcam Company, the
USA), Anti-GAPDH (Beijing Zhongshan Jinqiao
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Biotechnology Co., Ltd, China), Von Frey filaments (North Coast Medical Company, the
USA), thermal radiation stimulus machine (Institute of Biotechnology of Chinese Academy
of Medical Sciences).
Determination of pain praxiology in rats
Determination of mechanical withdrawal threshold (MWT): The rats were placed in a transparent organic glass box (22 cm*12 cm*22
cm) with a metallic sieve (1 cm*1 cm) at the
bottom. Adapting for 30 minutes, the middle
part of the pelma of rat’s left hind limb was
stimulated in a vertical direction by Von Frey
cellosilk with different folding force for 6-8 seconds. Rats appearing actions like paw withdrawal or paw licking was seen as a positive
action, otherwise it was a negative one. The
interval between each stimulation was 60 seconds. 50% MWT was calculated by up-down
method [3].
Determination of thermal withdrawal latency
(TWL): The rats were placed in a transparent
organic glass box with a 3 mm thick glass plate
at the bottom. According to Hargreaves method, thermal radiation stimulus machine (10 V,
50 W, the facula diameter is 0.8 cm) was used
to irradiate rat’s pelma. TWL was the duration
from the beginning of irradiation to rats beginning to lift legs. The automatic cut-off time was
25 seconds in order to prevent the occurrence
of tissue damage. Each animal was measured
5 times with interval time of 5 minutes. The
mean of three middle stable data was as TWL
value.
Western blot
Rats received intraperitoneal injection of 10%
chloral hydrate (300-350 mg/kg) for deep
anesthesia, and then sacrificed immediately.
Rats’ L4-L6 sections of spinal cord were
weighed and performed ultrasonic homogenated in a low temperature. The nucleoprotein
extraction was performed according to the instruction on the kit followed by centrifugation
(14000 g) for 15 minutes at 4°C, then the
supernatant was collected. After quantifying
the concentration of the collected protein by
BCA method, they were denatured with buffer,
of which the volume was four times of the protein, for 5 minutes at 95°C. Then, the equivalent amount of nucleoproteins was performed
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Table 1. Effects of EphB1-Fc on MWT of BCP rats
C
BCP
BCP + DMSO
BCP + E

-1 d
14.12±4.19
14.75±4.49
14.58±4.84
15.48±3.73

1d
13.83±2.55
12.33±2.25
12.42±1.86
13.29±1.23

3d
14.66±4.96
11.25±1.69
12.00±1.09
12.75±1.92

5d
13.42±4.28
8.25±1.99**
8.32±1.13
11.00±1.23#

7d
15.42±3.39
6.50±0.78**
6.92±1.72
9.49±1.9##

14 d
14.33±4.74
4.21±1.11**
4.67±1.48
6.58±1.15##

Note: **P<0.01, compared with C group. #P<0.05, ##P<0.01, compared with BCP group.

deviation (mean ± SD). Repeated measures analysis of
variance or single factor variance analysis was used to
analyze data, and post-hoc
analysis to analyze the comparison between every two
groups. The difference was
statistically significant with
P<0.05.
Results
Figure 1. Effects of EphB1-Fc on MWT of BCP rats. Data were expressed as
mean ± SD (n=8). C: Control group (C group); BCP: BCP group; BCP + DMSO:
BCP + DMSO group; BCP + E: BCP + EphB1-Fc group. **P<0.01, compared
with C group; ##P<0.01, compared with BCP group.

electrophoresis on 10% SDS polyacrylamide
gel with constant voltage. Then the separated
proteins were transferred to nitrocellulose
membrane, blocked by 3% BSA for 2 hours at
room temperature, and washed three times
by washing buffer, each time for 5 minutes.
Anti-p-JNK rabbit, NF-κB p65 polyclonal antibody and anti-GAPDH mouse polyclonal antibody and the membranes were incubated at
4°C overnight, which were re-warmed for 30
minutes, washed three times by washing buffer, each time for 5 minutes, in next day morning. The secondary antibody labeled with alkaline phosphatase was added and they were
oscillated and incubated for 2 hours at room
temperature and then washed three times by
washing buffer, each time for 5 minutes. NBT/
BCIP was used to detect reaction bands which
were performed semiquantitative analysis by
Image J Launcher software of Broken Symmetry
Software Company.
Statistical method
SPSS 16.0 statistical software was used to
analyze and process the data. The measurement data were expressed as mean ± standard

10699

Effects of EphB1-Fc on mechanical withdrawal threshold (MWT) of BCP rats

There was no significant difference in MWT among groups
at 1 d before operation (P>0.05). Compared
with C group, the MWT of BCP group decreased
obviously on the fifth, seventh and fourteenth
day after operation (P<0.01). Compared with
BCP group, there was no significant difference
in MWT of BCP + DMSO group at each time
point, while the MWT of BCP + E group increased
obviously on the fifth, seventh and fourteenth
day after operation (P<0.05, P<0.01). See
Table 1 and Figure 1.
Effects of EphB1-Fc on thermal withdrawal
latency (TWL) of BCP rats
Compared with C group, the TWL of BCP group
decreased significantly on the fifth, seventh
and fourteenth day after operation (P<0.01).
Compared with BCP group, there was no significant difference in TWL of BCP + DMSO group at
each time point, while the TWL of BCP + E group
increased obviously on the fifth, seventh and
fourteenth day after operation (P<0.01). See
Table 2 and Figure 2.
Western blot
The result showed that p-JNK protein was
expressed in each group on the 14th day after
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Table 2. Effects of EphB1-Fc on TWL of BCP rats
Group
C
BCP
BCPI + DMSO
BCP + E

-1 d
15.18±1.34
14.87±0.78
15.99±0.58
14.65±2.2

1d
15.33±1.39
13.32±0.72
13.93±0.96
13.50±1.11

3d
14.78±1.15
12.38±1.55
12.58±1.18
13.17±0.55

5d
13.94±1.64
8.66±0.98**
8.90±0.73
10.49±0.79##

7d
13.69±1.41
5.91±0.84**
6.47±0.76
7.57±0.55##

14 d
15.54±0.55
3.98±0.64**
4.61±0.75
8.71±0.76##

Note: **P<0.01, compared with C group. ##P<0.01, compared with BCP group.

Compared with BCP group,
the expression of NF-κB p65
protein in the nucleus of BCP
+ E group was significantly
decreased (P<0.01). See Table 3 and Figure 3.
Discussion
Bone is a common metastasis site of cancer, the bone
metastasis rate of patients
with lung cancer, breast cancer and prostatic cancer can
reach 85% [6, 7]. Numerous
Figure 2. Effects of EphB1-Fc on TWL of BCP rats. Data were expressed as
researches have indicated
mean ± SD (n=8). C: Control group (C group); BCP: BCP group; BCP + DMSO:
that BCP is a kind of chronic
BCP + DMSO group; BCP + E: BCP + EphB1-Fc group. **P<0.01, compared
pain which has distinctive
##
with C group; P<0.01, compared with BCP group.
and complex mechanism. Therefore, to understand the
BCP,
and
to
seek
the optimum treatment methTable 3. Western blot detecting the effects of
od,
the
mechanism
of the occurrence and
EphB1-Fc to the phosphorylation of JNK prodevelopment
of
BCP
should
be initially found
tein and the activation of NF-κB p65 protein
out.
Studies
have
reported
the
role of EphB1/
in spinal dorsal horn of BCP rats on the 14th
ephrinB1
signaling
pathway
in
tibia
cancer pain
day after operatio
rats, but the effect of using the Eph signal sysNF-κB p65
p-JNK
Group
tem inhibitor to control BCP and its related
(fold change)
(fold change)
mechanism has remained to be studied. This
C
1.000±0.000
1.000±0.000
study established a rat model of BCP in the
**
**
BCP
2.519±0.617
2.885±0.698
light of the literature method [3, 20]. Testing
BCP + DMSO
2.472±15.91
2.521±0.513
the MWT and TWL of rats, the study has found
BCP + E
1.787±0.144## 1.767±0.263##
that there was no significant difference in
Note: **P<0.01, compared with C group. ##P<0.01, comthe base value among the groups 1 d before
pared with BCP group.
operation. Compared with sham operation
group (C group), the MWT and TWL of rats in
BCP group were all significantly decreased on
operation and, compared with C group, the
the fifth, seventh, fourteenth day after operaexpression of p-JNK protein in BCP group was
tion, indicating the successful establishment of
significantly increased (P<0.01). Besides, comBCP model. Praxiology study also suggested
pared with BCP group, the expression of p-JNK
that, compared with the BCP group, EphB1-Fc
protein in BCP + E group was significantly
could significantly increase MWT and TWL
decreased (P<0.01). Meanwhile, NF-κB p65
(P<0.01) in BCP rats at each time point after
protein was also expressed in the nucleus of
operation and ameliorate the thermal hyperaleach group. Compared with C group, the expresgesia and mechanical hyperalgesia of BCP rats.
sion of NF-κB p65 protein in the nucleus was
Afterwards, this study investigated the molecusignificantly increased in BCP group (P<0.01).
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Figure 3. Western blot detecting the effects of EphB1-Fc to the phosphorylation of JNK protein and the activation of
NF-κB p65 protein in spinal dorsal horn of BCP rats. GAPDH was used as an internal standard. The expression levels
of p-JNK and NF-κB p65 on the spinal cord were quantized. Data were expressed as mean ± SD (n=8). **P<0.01,
compared with C group; ##P<0.01, compared with BCP group.

lar mechanism of EphB1-Fc, which could improve BCP praxiology.
JNK is a kind of serine or threonine kinase, also
known as stress activated protein kinase
(SAPK). It can be activated by a variety of factors, such as inflammatory factor, bacterial
endotoxin, ischemia, hypoxia, etc. The phosphorylated JNK can regulate and control the
functional activity of various substrates, resulting in changes of cell function [8]. In recent
years, more and more studies have showed
that SAPK/JNK pathway plays a vital role in the
regulation of pain sensitization [9, 10]. Guo et
al. found that the expression of phosphorylated
JNK protein was increased in spinal dorsal horn
of BCP rats and intrathecal injection of JNK
inhibitor SP600125 could effectively reduce
BCP [11, 12]. The study of Tang et al. confirmed
that the spinal JNK/MCP-1 signal pathway may
be involved in the maintenance of rat’s BCP
[13]. The results of this study showed that the
expression of p-JNK protein in the spinal dorsal
horn of BCP rats was significantly increased
and positively correlated with the pain praxiology, which indicted that activation of JNK in the
astrocytes might be involved in the induction
and maintenance of BCP. This study also found
that intrathecal injection of EphB1’s receptor
antagonist (EphB1-Fc) not only significantly
improve the hyperalgesia of BCP rats, but also
remarkably reduce the expression of p-JNK in
spinal dorsal horn of BCP rats. This showed the
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reason why EphB1-Fc could improve the hyperalgesia of BCP rats might result from that it
could inhibit the activation of JNK in spinal dorsal horn of BCP rats. Thus, it gives a further
inference that EphB1 signal may be involved in
the occurrence and maintenance of rats’ BCP
by activating the JNK signaling pathway.
Nuclear transcription factor-κB is a nuclear protein factor, which can specifically bind with κB
enhancer sequence (GGGACTTTCC) of immune
globulin K chain gene, and is expressed in
almost all neurons and glial cells in the peripheral and central nervous system, and is an
important signal transduction molecule in the
regulation of immune and inflammatory gene
expression in the central nervous system [13].
The activated NF-κB entering nucleus can promote the transcription of a variety of inflammatory factors and release a large number of proinflammatory factors [14]. These proinflammatory factors play a role in promoting pains
[15, 16]. So it is possible to reduce chronic pain
by blocking NF-κB pathway with inhibitors or
down-regulating its expression [17]. These
studies have suggested that NF-κB is involved
in the development and maintenance of pain.
Zhao found that NF-κB signaling pathway
worked in the degree of damage of bone tissue,
especially in the process of progressive osteolysis, which was related to the degree of severity
and seizure frequency of pain, besides, it was
involved in the inflammatory reaction of BCP
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[18]. In addition, Hartung et al. found that the
expression of phosphorylation of nuclear transcription factor-κB increased in spinal dorsal
horn of BCP rats [19-21]. And Xu et al. confirmed that intrathecal injection of minocycline
could cause antinociception for the rats with
BCP by restraining NF-κB signal pathway [22,
23]. These results suggested that NF-κB might
be involved in mediating the mechanical hyperalgesia in BCP rats. NF-κB is a transcription factor protein family, including 5 subunits: Rel,
p65, RelB, p50, and p52. The activation of
NF-κB generally refers to the phosphorylated
p65 transporting from the cytoplasm into the
nucleus, regulating the expression of the corresponding genes. In this study, Western blot
method was used to detect the nuclear translocation of NF-κB p65 in spinal dorsal horn of
rats. The results suggested that the expression
NF-κB p65 in the nucleus of rat’s spinal cord
in BCP group increased and was positively correlated with pain praxiology, and EphB1 receptor antagonist (EphB1-Fc) could significantly
reduce the expression NF-κB p65 in the nucleus of rat’s dorsal spinal cord in BCP group,
which not only further indicated that the NF-κB
of spinal dorsal horn might be involved in the
formation and maintenance of BCP, but also
illustrated that the inhibition of BCP’s hyperalgesia through intrathecal injection of EphB1-Fc
might be related to the attenuation of nuclear
translocation of NF-κB in rat’s spinal dorsal
horn with BCP. The above results suggest that
EphB1 might participate in the formation and
maintenance of BCP in rats by activating transcription factor NF-κB.
BCP is a chronic pain with complex and distinctive mechanism, which includes inflammatory
pain and pathological neuralgia. It is produced
mainly because of the release of sensitizing
factors from cancer cells and their associated
stromal cells, which promotes peripheral and
central sensitization, leading to the BCP of continuance and development. Studies of Zhou et
al. have shown that glial cell is a new target for
BCP, so it gives a speculation that the EphB1
signal system may promote the release of proinflammatory factor from spinal cord glial cells
after the activation of JNK and NF-κB p65 pathway in spinal cord, and further promote the formation and maintenance of BCP, which has
required more experimental researches to confirm [24].
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This research found that intrathecal administration of exogenous EphB1 antagonist (EphB1Fc) significantly alleviated thermal hypersensitivity and mechanical hyperalgesia of BCP rats,
suggesting that EphB1 may be involved in the
occurrence of BCP. Besides, EphB1-Fc, could
restrain the activation of JNK and NF-κB p65 in
spinal dorsal horn, indicating that EphB1 signal
system may promote the formation and maintenance of BCP by activating JNK and NF-κB p65
in spinal cord and this pathway may become a
new target for the treatment of BCP.
Disclosure of conflict of interest
None.
Address correspondence to: Shiyuan Xu, Department of Anesthesiology, Zhujiang Hospital of Southern Medical University, No.253 Industrial Road,
Guangzhou 510280, Guangdong, China. Tel: +86020-61643298; Fax: +86-020-61643298; E-mail:
shiyuanxu355@163.com

References
[1]

[2]
[3]

[4]

[5]

[6]
[7]
[8]

Lozano-Ondoua AN, Symons-Liguori AM and
Vanderah TW. Cancer-induced bone pain:
mechanisms and models. Neurosci Lett 2013;
557 Pt A: 52-59.
Maxwell K. The challenges of cancer pain assessment and management. Ulster Med J
2012; 81: 100-101.
Medhurst SJ, Walker K, Bowes M, Kidd BL,
Glatt M, Muller M, Hattenberger M, Vaxelaire J,
O’Reilly T, Wotherspoon G, Winter J, Green J
and Urban L. A rat model of bone cancer pain.
Pain 2002; 96: 129-140.
Cibert-Goton V, Yuan G, Battaglia A, Fredriksson S, Henkemeyer M, Sears T and Gavazzi I.
Involvement of EphB1 receptors signalling in
models of inflammatory and neuropathic pain.
PLoS One 2013; 8: e53673.
Dong Y, Mao-Ying QL, Chen JW, Yang CJ, Wang
YQ and Tan ZM. Involvement of EphB1 receptor/ephrinB1 ligand in bone cancer pain. Neurosci Lett 2011; 496: 163-167.
Mantyh P. Bone cancer pain: causes, consequences, and therapeutic opportunities. Pain
2013; 154 Suppl 1: S54-62.
Mantyh PW. Bone cancer pain: from mechanism to therapy. Curr Opin Support Palliat Care
2014; 8: 83-90.
Gelderblom M, Eminel S, Herdegen T and
Waetzig V. c-Jun N-terminal kinases (JNKs) and
the cytoskeleton--functions beyond neurodegeneration. Int J Dev Neurosci 2004; 22: 559564.

Int J Clin Exp Med 2017;10(7):10697-10703

Effect and related mechanism of EphB1 inhibitor
[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Zhuang ZY, Wen YR, Zhang DR, Borsello T, Bonny C, Strichartz GR, Decosterd I and Ji RR. A
peptide c-Jun N-terminal kinase (JNK) inhibitor
blocks mechanical allodynia after spinal nerve
ligation: respective roles of JNK activation in
primary sensory neurons and spinal astrocytes
for neuropathic pain development and maintenance. J Neurosci 2006; 26: 3551-3560.
Ma W and Quirion R. Partial sciatic nerve ligation induces increase in the phosphorylation of
extracellular signal-regulated kinase (ERK)
and c-Jun N-terminal kinase (JNK) in astrocytes in the lumbar spinal dorsal horn and the
gracile nucleus. Pain 2002; 99: 175-184.
Guo CH, Bai L, Wu HH, Yang J, Cai GH, Wang X,
Wu SX and Ma W. The analgesic effect of rolipram is associated with the inhibition of the activation of the spinal astrocytic JNK/CCL2
pathway in bone cancer pain. Int J Mol Med
2016; 38: 1433-1442.
Wang ZL, Du TT and Zhang RG. JNK in spinal
cord facilitates bone cancer pain in rats through modulation of CXCL1. J Huazhong Univ
Sci Technolog Med Sci 2016; 36: 88-94.
Tang J, Zhu C, Li ZH, Liu XY, Sun SK, Zhang T,
Luo ZJ, Zhang H and Li WY. Inhibition of the
spinal astrocytic JNK/MCP-1 pathway activation correlates with the analgesic effects of
tanshinone IIA sulfonate in neuropathic pain. J
Neuroinflammation 2015; 12: 57.
Wang XW, Hu S, Mao-Ying QL, Li Q, Yang CJ,
Zhang H, Mi WL, Wu GC and Wang YQ. Activation of c-jun N-terminal kinase in spinal cord
contributes to breast cancer induced bone
pain in rats. Mol Brain 2012; 5: 21.
Niederberger E and Geisslinger G. The IKK-NFkappaB pathway: a source for novel molecular
drug targets in pain therapy? FASEB J 2008;
22: 3432-3442.
Manning DC. New and emerging pharmacological targets for neuropathic pain. Curr Pain
Headache Rep 2004; 8: 192-198.

10703

[17] Sommer C and Kress M. Recent findings on
how proinflammatory cytokines cause pain:
peripheral mechanisms in inflammatory and
neuropathic hyperalgesia. Neurosci Lett 2004;
361: 184-187.
[18] Zhao LX, Jiang BC, Wu XB, Cao DL and Gao YJ.
Ligustilide attenuates inflammatory pain via
inhibition of NFkappaB-mediated chemokines
production in spinal astrocytes. Eur J Neurosci
2014; 39: 1391-1402.
[19] Hartung JE, Eskew O, Wong T, Tchivileva IE,
Oladosu FA, O’Buckley SC and Nackley AG.
Nuclear factor-kappa B regulates pain and
COMT expression in a rodent model of inflammation. Brain Behav Immun 2015; 50: 196202.
[20] Dong C, Wu R, Wu J, Guo J, Wang F, Fu Y, Wang
Q, Xu L and Wang J. Evaluation of bone cancer
pain induced by different doses of walker 256
mammary gland carcinoma cells. Pain Physician 2016; 19: E1063-1077.
[21] Song ZP, Xiong BR, Guan XH, Cao F, Manyande
A, Zhou YQ, Zheng H and Tian YK. Minocycline
attenuates bone cancer pain in rats by inhibiting NF-kappaB in spinal astrocytes. Acta Pharmacol Sin 2016; 37: 753-762.
[22] Xu J, Zhu MD, Zhang X, Tian H, Zhang JH, Wu
XB and Gao YJ. NFkappaB-mediated CXCL1
production in spinal cord astrocytes contributes to the maintenance of bone cancer pain
in mice. J Neuroinflammation 2014; 11: 38.
[23] Lu C, Liu Y, Sun B, Sun Y, Hou B, Zhang Y, Ma Z
and Gu X. Intrathecal injection of JWH-015 attenuates bone cancer pain via time-dependent
modification of pro-inflammatory cytokines expression and astrocytes activity in spinal cord.
Inflammation 2015; 38: 1880-1890.
[24] Zhou YQ, Liu Z, Liu HQ, Liu DQ, Chen SP, Ye DW
and Tian YK. Targeting glia for bone cancer
pain. Expert Opin Ther Targets 2016; 20:
1365-1374.

Int J Clin Exp Med 2017;10(7):10697-10703

