
PRECLINICAL STUDY

Spinal IFN-c-induced protein-10 (CXCL10) mediates metastatic
breast cancer-induced bone pain by activation of microglia in rat
models

Huilian Bu • Bin Shu • Feng Gao • Cheng Liu • Xuehai Guan •

Changbin Ke • Fei Cao • Antentor Othrell Hinton Jr. •

Hongbing Xiang • Hui Yang • Xuebi Tian • Yuke Tian

Received: 7 May 2013 / Accepted: 4 December 2013 / Published online: 13 December 2013

� Springer Science+Business Media New York 2013

Abstract Cancer-induced bone pain (CIBP) is a common

clinical problem in breast cancer patients with bone metas-

tasis. Recent studies shows chemokines are novel targets for

treatment of CIBP. In this study, we intra-tibial inoculated

with Walker 256 rat mammary gland carcinoma cells into rat

bone to established metastatic breast cancer. Then we mea-

sured the expression of CXCL10 in the spinal cord of met-

astatic bone cancer rats, investigated the role of CXCL10 in

the development of CIBP, and the underlying mechanism.

Results revealed that after intra-tibial inoculation with

Walker 256 cells, rats showed up-regulation of CXCL10 and

its receptor CXCR3 in the spinal cord. Interestingly, intra-

thecally injection of recombinant CXCL10 protein induced

mechanical allodynia in naı̈ve rats. Blocking the function of

CXCL10/CXCR3 pathway via anti-CXCL10 antibody or

CXCR3 antagonist prevented the development of CIBP and

microglial activation. Moreover, CXCL10-induced mechan-

ical allodynia was rescued by minocycline treatment during

the late-stage of CIBP, days 10–14. The regulation of

CXCL10 expression involved microglial activation in a

manner of autocrine positive feedback. These results suggest

that CXCL10 may be a necessary algogenic molecule,

especially in the development of CIBP. Its function was

partly mediated via spinal microglial activation. This study

provides a novel insight into the biological function of che-

mokine CXCL10 in the molecular mechanism underlying

cancer pain. It also provides new target for clinical treatment

of metastatic breast cancer-induced bone pain in future.
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Abbreviations

CXCL10 C-X-C motif chemokine 10

CXCR3 C-X-C motif chemokine receptor 3

rrCXCL10 recombinant rat CXCL10 protein

GAPDH glyceraldehyde-3-phosphate dehydrogenase

CIBP cancer-induced bone pain

PWTs paw withdrawal thresholds

HPbCD 2-Hydroxypropyl-b-cyclodextrin

MC minocycline

CD11b integrin alpha M chain, a special molecule in

microglia

Introduction

Breast cancer is prone to metastasize to bone. About 73 %

patients of breast cancer exhibit bone metastases [1]. Cancer-

induced bone pain (CIBP) is an intractable problem in breast

cancer patients with bone metastasis. Its clinical character-

istics are mainly background pain and breakthrough pain [2],

which induce a reduced quality of life. The mechanism for

generation and maintenance of CIBP involves multiple fac-

tors, including immunologic mechanisms and neuron-glial
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interaction [3]. In the past decade, studies paid much atten-

tion to the roles of chemokines in the development of CIBP.

Intrathecally administration of neutralizing antibody against

monocyte chemotactic protein-1 (MCP-1) attenuated

mechanical allodynia in CIBP rats [4]. Furthermore, che-

mokine CX3CL1/CX3CR1 also participates in pain facilita-

tion in CIBP rats. Blockade of CX3CR1 function in

CIBP rats prevented pain facilitation, and also inhibited

activation of p38 mitogen-activated protein kinase (MAPK)

pathway in microglia [5, 6].

The chemokine (C-X-C motif) receptor CXCR3 has

three ligands, including monokine-induced by IFN-c/

CXCL9, IFN-c-induced protein-10 /CXCL10, and inter-

feron-inducible T cell alpha chemoattractant /CXCL11 [7].

Among these three chemokines, CXCL10 exerts potent

biological function, including promoting the chemotactic

activity, inducing apoptosis, regulating cell proliferation,

angiogenesis, etc. [7–11]. In the tumor microenvironment,

CXCL10 is required for migration and invasive motility of

cancer cells [12]. CXCL10 also plays roles in regulating

the neuro-glial function of the central nervous systems [13,

14]. The previous studies show that CXCL10 was up-

regulated in nervous tissues under either inflammatory pain

or neuropathic pain conditions [15, 16]. However, to date,

little was done to investigate whether CXCL10 participated

in the development of cancer pain.

In this present study, we measured the change of

CXCL10 and CXCR3 expression in spinal cord of CIBP

rats. Next, effect of CXCL10/CXCR3 pathway on

mechanical allodynia in CIBP rats was investigated. Fur-

thermore, we detected the underlying mechanism of that

how CXCL10 contributed to pain condition in CIBP rats.

Materials and methods

Materials

Walker 256 rat mammary gland carcinoma cells were

purchased from the Institute of Cancer Research, Chinese

Academy of Medical Science and Peking Union Medical

College, China. Recombinant rat CXCL10 protein and

rabbit anti-CXCL10 neutralizing antibody were bought

from PeproTech (USA). AMG487, a special antagonist of

CXCR3, was a kind gift from Amgen (USA). 2-Hydroxy-

propyl-b-cyclodextrin (HPbCD) and minocycline hydro-

chloride were bought from Sigma-Aldrich (USA). Goat

anti-CXCL10 antibody, goat anti-CXCR3 antibody, and

normal rabbit IgG were bought from Santa Cruz (USA).

CY3-conjugated goat anti-mouse IgG was bought from

ProteinTech Group (USA). NorthernLights donkey anti-

goat IgG-NL557 was bought from R&D (USA). Mouse

anti-CD11b antibody was bought from Chemicon (USA).

Animals

Female Sprague-Dawley rats weighing 180–220 g, were

supplied by the Experimental Animal Center, Tongji

Medical College, Huazhong University of Science and

Technology (HUST), Wuhan, China. Rats were kept under

controlled conditions (22�C ± 0.5�C, relative humidity

40–60 %, alternate light-dark cycles, food and water

ad libitum). All animal procedures were carried out in

accordance with the National Institutes of Health guide-

lines and Ethical Issue of the International Association for

the Study of Pain, and were approved by the Experimental

Animal Care and Use Committee of Tongji Medical Col-

lege, HUST (No. 2010-S216).

Surgical procedure of bone cancer models

CIBP modeling was prepared following the previous

reports [17, 18]. Briefly, rats were deeply anesthetized with

pentobarbital sodium (50 mg/kg, intraperitoneal injec-

tion (i.p.)). Then the right tibia was carefully exposed.

Walker 256 cells (10 ll, 4 9 106 /ml) or D-Hanks solution

(10 ll) were slowly injected into the bone cavity using a

50 ll Hamilton microsyringe. The injection site was closed

using bone wax as soon as the syringe was removed. Then

the wound was closed after carefully disinfected [17].

Real-time polymerase chain reaction (PCR)

All animals were deeply anesthetized with pentobarbital

sodium. Subsequently, each animal’s L3–L5 lumbar region

of spinal cord was removed and stored at -80�C for ana-

lysis of CXCL10 and CXCR3 mRNA. Primer sequences

for the genes of interest were following the previous study

[19]. RNA extraction, cDNA synthesis and real-time PCR

were performed as reported previously [18]. The expres-

sion level of target mRNA was quantified relative to level

of the GAPDH (house-keeping gene) using the relative

quantification 2-DDCT method.

Immunohistochemical analyses

On day 14 post modeling, rats in each group were deeply

anesthetized with pentobarbital sodium and perfused with

saline, followed by 4 % paraformaldehyde in 0.1 M

phosphate buffer saline (pH 7.4) for immunohistochemis-

try. L3–L5 spinal cord segments were removed and post-

fixed in the same solution for 24 h at 4 �C, then dehydrated

in 30 % sucrose solution. After increasing membrane per-

meability and blocking nonspecific binding, 20 lm-thick

sections were incubated overnight at 4 �C with the primary

antibodies: mouse anti-CD11b antibody (1:100), goat anti-
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CXCL10 antibody (1:100), and goat anti-CXCR3 anti-

body (1:100). Then sections were incubated with donkey

anti-goat IgG or CY3-goat anti-mouse IgG for 2.5 h at

room temperature. Fluorescent images were captured using

confocal microscopy (Olympus, Japan). Optical density

mean of CXCL10 and numbers of positive-CXCR3 cells

were analyzed by Image Pro Plus. Three slices per sample

from four rats of each group were measured.

Intrathecal catheterization and drug delivery

Under the same surgical conditions to CIBP modeling, rats were

intrathecally implanted PE-10 catheter to the spinal cord level of

the lumbar enlargement, according to the method described

previously [20]. Proper intrathecal location was confirmed by a

temporary motor block of both hind limbs after the injection of

10 ll 2 % lidocaine. Those rats exhibiting postoperative neu-

rological deficits (e.g., paralysis) or poor grooming were

excluded from the experiments. The animals were allowed

7-day recovery period before used in experiments.

For drug dissolution, recombinant rat CXCL10 protein

(rrCXCL10) and rabbit anti-CXCL10 neutralizing antibody

were dissolved in saline. AMG487 was dissolved in 20 %

2-hydroxypropyl-b-cyclodextrin (HPbCD) as previously

described [21], and then diluted into experimental con-

centration. Minocycline was dissolved in sterile water. All

drugs were intrathecally injected (i.t.) in a 10 ll volume

followed by a 10 ll saline flush.

Behavioral assessment

Mechanical allodynia was assessed by measuring hind paw

withdrawal thresholds (PWTs) to von Frey filament stim-

ulation as previous studies [18, 22]. Briefly, rats were

allowed to acclimatize to their surroundings for 30 min

before tested. Von Frey filaments, with ascending order of

forces (0.4, 0.6, 1, 2, 4, 6, 8, 10, and 15 g), were applied for

up to 6 s per filament to the region between the foot pads in

the plantar aspect of the right hind paw. Abrupt paw

withdrawal, lickings, and shaking were taken to be positive

responses. Once a withdrawal response was established, the

paw was re-tested after a 5 min-rest, starting with the next

descending von Frey hair until no response occurred. The

lowest amount of force required to elicit a response was

recorded as the PWT (in grams).

Data analysis

Raw data were presented as mean ± SEM. Changes within

each group over time were analyzed by using one-way

ANOVA, and followed by post hoc comparison (Student-

New-man–Keuls test). Significant differences between

treatment groups were detected by two-way ANOVA.

P \ 0.05 was considered to be statistically significant.

Results

CXCL10 and CXCR3 expression were persistently

increased in spinal cord of CIBP models

We measured the change of CXCL10 and CXCR3 mRNA

expression in the spinal cord of bone cancer models on

days 7, 14, and 21 after cancer cells inoculation by real-

time PCR, and measured the change of CXCL10 and

CXCR3 protein expression in the spinal cord on day 14 by

immunohistochemistry. Results revealed that mRNA

expressions of CXCL10 and CXCR3 in the spinal cord of

CIBP models were increased, as revealed by real-time PCR

(Fig. 1a, b). Remarkably, the up-regulation of CXCL10

and CXCR3 was most significant on day 14 (Fig. 1a, b).

CXCL10 and CXCR3 protein were also increased in the

spinal cord of CIBP rats on day 14, as showed by immu-

nohistochemistry. The optical density mean of CXCL10

was increased in both contralateral and ipsilateral dorsal

horn of the spinal cord of CIBP rats (Fig. 2a). CXCR3-

Fig. 1 Expression of CXCL10 and CXCR3 mRNA were increased

on days 7, 14, and 21 in the spinal cord in CIBP rats. *p\0.05 versus

sham rats. n = 3–5 in each group
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positive cells were also increased in both contralateral and

ipsilateral dorsal horn in CIBP rats, in which, the up-

regulation in the ipsilateral dorsal horn was more remark-

able (Fig. 2b).

CXCL10 was required for the development of CIBP

To investigate whether CXCL10 was necessary for inducing

pain, naı̈ve rats received rrCXCL10 (10 ng, i.t.) or saline

(10 ll, i.t.) treatment (pilot experiment determined dosage).

PWTs were measured at 5, 15, 30, 45, 60, 90, and 120 min

after injection. Results showed that PWTs decreased

immediately after rrCXCL10 injection (2–5 min) from

12.6 g ± 1.0 at 0 min to 2.36 g ± 0.76 at 30 min, an

established baseline threshold of drug. The mechanical

allodynia induced by rrCXCL10 lasted up to 120 min

(Fig. 3a).

To detect whether CXCL10 was required for the

development of CIBP, we inhibited the CXCL10 function

via chronic injecting rabbit anti-CXCL10 neutralizing

antibody (200 ng, i.t.) or normal rabbit IgG (10 ll,

i.t.) once per day from days 1 to 14. PWTs were mea-

sured at 30 min after drug injection on days 1, 3, 5, 7, 10,

and 14. As shown in Fig. 3b, PWTs failed to decrease

until day 14 in anti-CXCL10 neutralizing antibody-trea-

ted rats. However, vehicle of normal rabbit IgG treated

rats and CIBP rats showed decreased PWTs after day 3

(Fig. 3b).

Fig. 2 CXCL10 and CXCR3 expression in the spinal cord were

increased in CIBP rats measured by immunofluorescence. CXCL10

(a) and CXCR3 (b) expression were increased in both contralateral

(cont) and ipsilateral (ipsi) dorsal horn of the spinal cord of CIBP rats

on day 14 post inoculations (c).Optical density mean of CXCL10 and

number of CXCR3-positive cells were analyzed by Image Pro Plus.
*p \ 0.05 versus sham. #p \ 0.05 versus CIBP-ipsi. Scale bar

200 lm. n = 3–5 in each group
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Acute or chronic inhibition of CXCR3 reversed

or prevented mechanical allodynia in CIBP models

CXCR3 is the common receptor of CXCL9, CXCL10, and

CXCL11. To investigate the role of CXCR3 in the main-

tenance of CIBP, AMG487-a special antagonist of CXCR3

was employed. On day 14 post cancer cells inoculation,

AMG487 (20 lg, i.t.) or vehicle (20 % HPbCD, 10 ll, i.t.)

was administrated. In AMG487-rrCXCL10-treated rats,

rrCXCL10 (20 ng, i.t.) was injected 30 min after AMG487.

PWTs were determined at 0.25, 0.5, 1, 2, 3, and 4 h after

last drug injection. Results demonstrated that at 0.5 h time

point, AMG487 began to reverse mechanical allodynia in

CIBP rats, from 3.00 g ± 1.29 at 0 min to 15.00 g ± 0.00

at 2 h time point, and lasted up to 4 h (Fig. 4a). AMG487

treatment had no effect on the PWTs of sham rats, but

prevented rrCXCL10 induced mechanical allodynia

(Fig. 4b). These results suggested that CXCL10 induced

mechanical allodynia via the chemokine receptor CXCR3.

CXCL10/CXCR3 pathway contributed to the maintenance

of mechanical allodynia in CIBP rats.

In order to investigate whether CXCL10 contributes to the

development of CIBP via CXCR3, rrCXCL10 (20 ng),

AMG487 (20 lg), vehicle (20 % HPbCD, 10 ll) or

AMG487/rrCXCL10 were intrathecally injected once per day

for 14 days. In AMG487/rrCXCL10 group, rrCXCL10 was

injected 30 min after AMG487. PWTs were measured 1 h

after last injection at time points 1, 3, 7, 10, and 14 days of post

modeling. The PWTs of CIBP rats began diminishing after

day 3, suggesting the development of mechanical allodynia.

AMG487 rescued the decrease of PWTs in bone cancer rats

(Fig. 5a). Interestingly, from day 1, rrCXCL10-treated CIBP

rats showed significantly reduced PWTs compared with sham

rats. However, rrCXCL10 treatment did not induce mechan-

ical allodynia in AMG487 pre-treated rats (Fig. 5b). These

results suggested that chronic blocking CXCR3 function via

AMG487 prevented the development of CIBP.

Blockade of CXCR3 prevented microglial activation

in the spinal cord of CIBP models

The previous studies showed that microglial activation

was involved in the development of CIBP. To investigate

the change of microglial activation in the AMG487 trea-

ted CIBP models, we detected the activation of microglia

in the spinal cord by immunohistochemistry. Rats

received chronic AMG487 (20 lg, i.t., once daily) or

vehicle (20 % HPbCD, 10 ll, i.t.) after bone cancer

Fig. 3 CXCL10 directly participated in the development of CIBP (a).

The PWTs were decreased immediately after drug injection and lasted

for more than 120 min in rrCXCL10-treated rats. *p \ 0.05 versus

saline-treated rats. #p \ 0.05 versus naı̈ve rats (b). Neutralizing anti-

CXCL10 antibody (anti-CXCL10) prevented the development of

mechanical allodynia in CIBP rats. *p \ 0.05 versus CIBP rats.
#p \ 0.05 versus CIBP-rabbit IgG rats. n = 6–8 in each group

Fig. 4 Acute blockade of CXCR3 reversed mechanical allodynia in

CIBP rats (a). AMG487 reversed mechanical allodynia in CIBP rats.

PWTs of AMG487 treated rats were increased from 30 min and last

for at least 4 h after drug injection. *p \ 0.05 versus CIBP rats.
#p \ 0.05 versus vehicle-treated CIBP rats (b). AMG487 did not

change the PWTs of sham rats, but prevented rrCXCL10-induced

mechanical allodynia in sham rats. n = 6–8 in each group
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modeling as above. Rats were sacrificed on day 14, and

the spinal cords were removed and sliced. Twenty-lm-

thick slices of spinal cord were stained with mouse anti-

CD11b antibody. Results showed microglia was signifi-

cantly activated in the spinal cord of vehicle-treated CIBP

rats, displaying a characteristic ramified structure with an

increase cytoplasmic and dendrite volume (Fig. 6). How-

ever, after chronic AMG487 treatment, the microglial

activation was attenuated (Fig. 6).

Inhibiting microglial activation alleviated rrCXCL10-

induced mechanical allodynia at later-stage in CIBP

models and attenuated CXCL10 up-regulation

To investigate whether microglial activation was involved

in rrCXCL10-induced mechanical allodynia, minocycline

(50 lg) was intrathecally injected into CIBP rats once per

day under stages of development, early- (days 1–7) or later-

stage (days 11–14). Similarly, minocycline also was

injected to sham rats for 7 days. RrCXCL10 was admin-

istrated 1 h after the last minocycline injection. PWTs were

measured 30 min after rrCXCL10 injection. Results indi-

cated that minocycline treatment ameliorated pain in both

stages but had no effect on sham rats (Fig. 7a, c). Mino-

cycline pre-treatment fully prevented rrCXCL10-induced

mechanical allodynia on day 14 (Fig. 7c), but only slightly

attenuated rrCXCL10-induced mechanical allodynia on

day 7 in CIBP rats and sham rats (Fig. 7a, b). This means

rrCXCL10-induced allodynia at the later-stage of CIBP

was regulated by microglial activation.

To investigate whether inhibiting the function of

microglia has influence on the expression of CXCL10 in

CIBP models and sham rats, minocycline (50 lg, i.t.) was

injected once per day for 7 days. On day 7, rrCXCL10

(20 ng, i.t.) was injected at 1 h after minocycline injection.

Two hours after last injection, rats were sacrificed and

spinal cords were removed. Then CXCL10 mRNA

expression was measured by real-time PCR. The results

revealed that rrCXCL10 increased the CXCL10 mRNA

expression in both CIBP rats and sham rats. Minocycline

pre-treatment partially attenuated both increase of

CXCL10 mRNA. However, minocycline had no effect on

the CXCL10 expression in sham rats (Fig. 7d, e).

Discussion

This present study demonstrated that (1) the expression

of chemokine CXCL10 and its receptor CXCR3 were

Fig. 5 Chronic blockade of CXCR3 prevented the development of

CIBP (a). Chronic injection of AMG487 prevented the development

of mechanical allodynia of CIBP rats. *p \ 0.05 versus CIBP rats.
#p \ 0.05 versus vehicle-treated CIBP rats (b). AMG487 pre-

treatment prevented rrCXCL10-induced mechanical allodynia in

CIBP rats. *p \ 0.05 versus saline-treated CIBP rats. #p \ 0.05

versus rrCXCL10-treated CIBP rats. n=6–8 in each group

Fig. 6 AMG487 prevented microglial activation in the dorsal horn of the spinal cord of CIBP rats. Scale bar, 200 lm. n = 3–5 in each group
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up-regulated in CIBP rats. (2) CXCL10/CXCR3 contrib-

uted to the mechanical allodynia in CIBP rats. CXCL10

directly induced mechanical allodynia in naı̈ve rat. Func-

tionally inhibition of CXCR3 reversed the mechanical

allodynia in CIBP rats by single injection of AMG487, and

prevented the development of CIBP by chronic AMG487

injection. (3) Meanwhile, activation of microglia in the

spinal cord was also reversed by chronic injection of

AMG487 in CIBP rats. More importantly, minocycline,

inhibitor of microglia, could attenuate rrCXCL10-induced

mechanical allodynia at the later-stage of CIBP models.

These results showed that CXCL10/CXCR3 mediated the

development and maintenance of CIBP partly by microg-

lial activation at least.

Recent studies have shown that chemokines play an

important role in CIBP. However, the role of CXCL10 on

CIBP was rarely investigated. In this study, our results

show that mRNA and protein of CXCL10 and CXCR3

were all up-regulated in CIBP rats. This provides pre-

liminary evidence to the hypotheses that CXCL10 partici-

pated in CIBP. Moreover, the expression peaked at day 14

post modeling, remaining high on day 21. According to this

finding, we choose day 14 as an optimal time point for

behavioral research in subsequent studies.

According to Saika et al, [23] chemokines were inducers

of allodynia. Local injection of recombinant MIP-1b pro-

duced a long-lasting tactile allodynia via up-regulation of

inflammatory molecules. Moreover, inhibiting the function

of chemokines and their receptors could attenuate the

mechanical allodynia in CIBP or neuropathic pain models

[4–6, 24]. In our study, intrathecally injected rrCXCL10 to

naı̈ve rat induced tactile allodynia 5 min immediately after

drug injection. This suggests CXCL10 may be a rapid-

response algogenic molecule. While single injection of

AMG487 reversed pain allodynia on day 14 in CIBP rats,

repeated injection of AMG487 prevented the development

Fig. 7 Minocycline prevented rrCXCL10-induced mechanical allo-

dynia in the later-stage of CIBP and inhibited the mRNA expression

of CXCL10 in CIBP rats (a). Effect of minocycline treatment on

PWTs of the sham rats. #p \ 0.05 versus MC-treated rats (b). On day

7 of the early-stage, minocycline had no effect on rrCXCL10-induced

mechanical allodynia. *p \ 0.05 versus saline-treated rats. #p \ 0.05

versus MC-treated rats (c). On day 14 of the later-stage, minocycline

treatment prevented mechanical allodynia in CIBP rats, as well as

rrCXCL10-treated CIBP rats. *p \ 0.05 versus saline-treated rats.
#p \ 0.05 versus MC-treated rats (d). Expression of CXCL10 mRNA

in the spinal cord after minocycline and (or) rrCXCL10 treatment in

sham rats. *p \ 0.05 versus saline-treated rats. #p \ 0.05 versus

rrCXCL10-treated rats (e). up-regulation of CXCL10 mRNA in the

spinal cord of CIBP rats was partly mediated by minocycline

treatment. *p \ 0.05 versus saline-treated rats. #p \ 0.05 versus MC-

saline-treated rats. n=4–6 in each group
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of CIBP. Moreover, rrCXCL10 did not induced allodynia

in the AMG487 pre-treated rats. Similarly, repeated

injection of anti-CXCL10 neutralizing antibody also pre-

vented allodynia in CIBP rats. These demonstrated that

CXCL10 participated in both the development and main-

tenance of CIBP via receptor CXCR3. Both CXCL10 and

CXCR3 may be important targets for analgesic therapy of

metastatic breast cancer patients.

Microglial activation is closely implicated in cancer

pain and other chronic pain states [18, 25]. Microglia can

be activated by phagocytosis or through the activation of

constitutively expressed cell surface molecules (IL-1b,

IL-6, TNF-a etc.) [26–28]. Studies showed that CXCR3

was distributed in microglia in the central nervous system

[29–31]. In this study, microglia was significantly activated

in CIBP rats on day 14 post modeling. Blocking CXCR3

prevented both microglia activation and mechanical allo-

dynia. These results demonstrated that the activation of

CXCL10/CXCR3 pathway may activate microglia and

sequentially induce pain in CIBP rats. Minocycline pre-

vented mechanical allodynia in CIBP rats in the first 7 days

after modeling and reversed mechanical allodynia on day

14. This prompts microglia plays roles in both the devel-

oping and maintaining of CIBP. On day 14, rrCXCL10-

induced mechanical allodynia was inhibited by minocy-

cline pre-treatment, while on day 7, rrCXCL10 still

induced pain in minocycline pre-treated CIBP rats.

Therefore, the role of CXCL10 in later-stage of CIBP may

be mediated via activation of microglia.

In this study, we also found CIBP rats that received

minocycline treatment showed partial decrease of CXCL10

mRNA expression compared with CIBP rats. Interestingly,

rrCXCL10-induced up-regulation of CXCL10 mRNA was

also partially attenuated by minocycline pre-treatment.

Therefore, we presume microglia may plays an important

role in the regulation of CXCL10 expression. As the

receptor of IFN-c (IFN-cR) was expressed in the mem-

brane in microglia, so when microglia was suppressed, the

production of CXCL10 may be decreased. Studies showed

that cytokines and chemokines could be regulated by a

positive feedback mechanism [32–34]. We presume that

the regulation of CXCL10 expression was involved in an

autocrine positive feedback loop, which was partly

dependent on the function of microglia. However, the

details and potential mechanism of this feedback loop were

not clear.

Based on all these findings, we speculate that CXCL10

may be an algogenic molecule in the development and

maintenance of CIBP, which was mediated by microglial

activation. Furthermore, CXCL10 expression may be reg-

ulated partly by microglial activation in a manner of

autocrine positive feedback loop. CXCL10/CXCR3 path-

way may serve as a novel target for clinical treatment of

metastatic breast cancer-induced bone pain condition.

However, further studies need to be done to investigate the

underlying mechanism of this action.
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