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Summary: Descending nociceptive modulation from the supraspinal structures plays an important
role in cancer-induced bone pain (CIBP). Rostral ventromedial medulla (RVM) is a critical compo-
nent of descending nociceptive facilitation circuitry, but so far the mechanisms are poorly known. In
this study, we investigated the role of RVM glial activation in the descending nociceptive facilitation
circuitry in a CIBP rat model. CIBP rats showed significant activation of microglia and astrocytes,
and also up-regulation of phosphorylated p38 mitogen-activated protein kinase (p38 MAPK) and
pro-inflammatory mediators released by glial cells (IL-1B, IL-6, TNF-o and brain-derived neurotro-
phic factor) in the RVM. Stereotaxic microinjection of the glial inhibitors (minocycline and
fluorocitrate) into CIBP rats’ RVM could reverse the glial activation and significantly attenuate me-
chanical allodynia in a time-dependent manner. RVM microinjection of p38 MAPK inhibitor
(SB203580) abolished the activation of microglia, reversed the associated up-regulation of
pro-inflammatory mediators and significantly attenuated mechanical allodynia. Taken together, these
results suggest that RVM glial activation is involved in the pathogenesis of CIBP. RVM microglial
p38 MAPK signaling pathway is activated and leads to the release of downstream pro-inflammatory
mediators, which contribute to the descending facilitation of CIBP.
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Cancer-induced bone pain (CIBP) is a very com-
mon clinical problem in the cancer patients, especially
with those in the terminal phase. It seriously affects the
life quality and significantly shortens the lifetime of pa-
tients. Unfortunately, so far, its mechanisms remain
poorly understood and clinically very few effective
treatments without obvious adverse effects are avail-
able!' !, The mechanisms of CIBP involved, possibly,
neuropathic, inflammatory and tumorous factors. For
example, various pro-hyperalgesic mediators released
by local infiltrating tumor cells, inflammatory cells, os-
teoclasts and osteoblasts induce sensitization of periph-
eral and central nervous systems and all contribute to
the development of CIBP“. Accumulating evidence
demonstrated that, during pathological pain status, sen-
sitized peripheral sensory nerves continuously transmit
nociceptive signals to the supra-spinal areas, thereby
changing the neural plasticity of supra-spinal areas, in-
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cluding activation of descending nociceptive facilitato

system from rostral ventromedial medulla (RVM)P7,
Then, sensitized neurons in the RVM could project
neurotransmitters (e.g., monoamines) to the spinal cord
to maintain spinal sensitization. Moreover, descending
facilitation induces the release of pro-nociceptive exci-
tatory neurotransmitters from primary afferent terminals
(glutamate, substance P, neuropeptide Y, etc.), and is an
imperative factor for maintaining pathological pain'>®.
Therefore, blocking descending nociceptive facilitation
arising from RVM could alleviate pathological pain'®.

It was recently reported that activated RVM glial
cells also played an important role in the development
of inflammatory and neuropathic pain. Both plantar
subcutaneous injection of carrageenan''” and chronic
constriction injury of the rat infra-orbital nerve!'"! could
result in activation of RVM glia. In activated microglia,
pro-inflammatory cytokine promoter p38 mito-
gen-activated protein kinase (p38 MAPK) became
phosphorylated, and then facilitated the release of
pro-inflammatory substances, such as cytokines (e.g.
IL-1B, IL-6, TNF-a), nerve growth factor [e.g.
brain-derived neurotrophic factor (BDNF)], excitatory
amino acids, and so on''”. These substances further
sensitized neurons and glial cells and enhanced de-
scending nociceptive facilitation. Therefore, either in-
hibiting activation of RVM glia or eliminating produc-
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tion of focal pronociceptive substances from activated
glial cells may effectively abolish pain'"*.

CIBP is a unique pain state, which differs from in-
flammatory and neuropathic pain. To our knowledge,
most of previous studies investigating glial roles in
CIBP focused more on alternations within the spinal
cord" 1 In this study, our attention was directed at
the roles of glia in the RVM and the relationship be-
tween RVM glia and descending nociceptive facilita-
tion in CIBP.

1 MATERIALS AND METHODS

1.1 Animal Grouping and Treatment
All animal procedures were carried out in accor-

dance with the NIH guidelines and Ethical Issue of the
IASP and were approved by the Experimental Animal
Care and Use Committee of Tongji Medical College,
Huazhong University of Science and Technology (HUST)
Wuhan, China. Female Sprague-Dawley rats, weighing
160-180 g, supplied by the Experimental Animal Center,
Tongji Medical College, HUST, were housed in a tem-
perature-controlled room (22-24°C) with free access to
food and water on a 12-h light/dark cycle. The rats were
randomly divided into eight groups: (1) Naive group (n=
6), in which no intervention was given; (2) Sham group
(n=18), in which 10-uL D-hank’s solution was injected
into the right tibia; (3) CIBP group (»=18), in which
10-uL Walker 256 breast cancer cell suspension (3x10%
was injected into the right tibia; (4) Sham/NS group
(n=15), in which 0.5-uL normal saline was injected into
RVM 10 days after sham operation; (5) CIBP/NS group
(n=15), in which 0.5-uL normal saline was injected into
RVM 10 days after CIBP modeling; (6)
CIBP/minocycline group (n=12), in which 0.5-uL (25
pg) microglial inhibitor minocycline was injected into
RVM 10 days after CIBP modeling; (7)
CIBP/fluorocitrate group (n=12), in which 0.5-pL (1 pg)
astrocyte inhibitor fluorocitrate was injected into RVM
10 days after CIBP modeling; (8) CIBP/SB203580 group
(n=15), in which 0.5-uL (10 pg) p38MAPK inhibitor
SB203580 was injected into RVM 10 days after CIBP
modeling.
1.2 CIBP Modeling

The CIBP model was induced as previously re-
ported"®). Briefly, rats were anesthetized with chloral
hydrate (300 mg/kg, i.p.). The right leg was shaved and
disinfected. About 1-cm rostral-caudal incision was
made in the skin over the top medial half of the tibia. By
using a 23-gauge needle, the bone was pierced approxi-
mately 0.5-1 cm below the knee joint distal to the epi-
physial growth plate. Then, the needle was removed and
replaced with a 50 uL. Hamilton microsyringe containing
Walker 256 carcinoma cells or D-hank’s solution. A
volume of 10 pL carcinoma cells (3x10%) was slowly
injected into the bone cavity. The injection site was
closed with bone wax.
1.3 Radiological Examination of Bone

Tibial destruction was radiographically examined
(Kodak Directview DR3000 system, Eastman Kodak Co.,
USA). Rats were exposed to an X-ray source under
chloral hydrate (300 mg/kg, i.p.) anesthesia on day 10,

15 and 20 after cancer cell inoculation.
1.4 RVM Drug Microinjection

Rats were anesthetized by using propofol (50 mg/kg,
i.p)!""] and placed in a stereotaxic instrument. A midline
incision was made after infiltration of lidocaine (2%) into
the skin. A midline opening was made in the skull to insert
a microinjection needle into the target site. The coordi-
nates for RVM were as follows: —10.5 mm caudal to
bregma, midline, and —9.0 mm ventral to the surface of the
cerebellum (Paxinos and Watson, 2005). Microinjection
was performed by delivering 0.5-uL drug solution slowly
over a 30-s period by using a 0.5-uL. Hamilton syringe
with a 32 gauge needle. The injection needle was left in
place for at least 5 minutes before withdrawal !'*. The
followings inhibitors were used: minocycline hydrochlo-
ride (#M9511, Sigma, USA) was freshly dissolved daily
in distilled H,O; fluorocitrate (#F9634, Sigma, USA)
was first dissolved in 1 N HCI and then diluted in 0.9%
sterile, isotonic saline; the p38 MAPK inhibitor
SB203580 hydrochloride (#S8307, Sigma, USA) was
dissolved in distilled H,O; normal saline was microin-
jected into RVM, serving as the control.
1.5 Behavioral Assessment

Mechanical allodynia was assessed by measuring
hind paw withdrawal thresholds (PWT) to von Frey
filament stimulation, applied to the plantar surface in
ascending order of force (0.16—15.0 g) for up to 6 s per
filament. Once a withdrawal response was established,
the paw was re-tested, starting with the next descending
von Frey hair until no response occurred. The lowest
amount of force required to elicit a positive response was
recorded as the PWT, represented in gram (g)!" 2.
1.6 Immuno-based Analysis

Immunohistochemistry and glial response state
scoring were performed as described previously?!),
Briefly, scoring was on a 4-point scale as follows: 0:
unactivated; +: mild activation; ++: moderate activation;
+++: intense activation. For Western blotting, identical
amounts (50 pg) of total proteins from the RVM were
separated on 10% SDS-PAGE gels, and then trans-blot-
ted to PVDF membranes. The following primary anti-
bodies were used: antibodies against glial fibrillary
acidic protein (GFAP, 1:400, Millipore, USA), ionized
calcium-binding adaptor molecule 1 (Ibal, 1:500, Santa
Cruz, USA), phospho-p38 MAPK (p-p38 MAPK, 1:400,
Cell Signaling Technology, USA) and f-actin (1:1000,
Santa Cruz). For densitometric analysis, blots were
scanned and quantified with GeneSnap v6.05 software
package (England) and the results were expressed as a
ratio of target to B-actin immunoreactivity!*.
1.7 Real-time Polymerase Chain Reaction (PCR)

Under chloral hydrate (300 mg/kg, i.p.) anesthesia,
on the 4th, 7th, 10th, 15th and 20th postoperative day,
RVM tissues from sham and CIBP groups were quickly
removed, and snap-frozen in liquid nitrogen for analysis
of mRNA of ITGAM and GFAP. On the 10th postopera-
tive day, 30 min after RVM injection of SB203580,
RVM tissues from sham/NS, CIBP/NS and
CIBP/SB203580 groups were also collected for analysis
of mRNA of IL-1p, IL-6, TNF-0 and BDNF. All samples
(n=3 per time-point) were stored at —80°C until assay.
Primer sequences for the genes of interest were designed
and synthesized by Invitrogen, USA (table 1). RNA ex-
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traction, cDNA synthesis and real-time PCR were per-
formed as reported previously!'”. The levels of target
mRNA were quantified relative to levels of the house-

keepin§ gene GAPDH by using the relative quantifica-
tion 27**“" method.

Table 1 Primers for the real-time PCR

Target genes  GenBank accession no. Primers Product length (bp)

GAPDH NM_017008.3 Forward: 5'-GGCACAGTCAAGGCTGAGAATG-3' 143
Reverse: 5'-ATGGTGGTGAAGACGCCAGTA-3'

ITGAM NM 012711.1 Forward: 5'-CTGCCTCAGGGATCCGTAAAG-3' 150
Reverse: 5'-CCTCTGCCTCAGGAATGACATC-3'

GFAP NM_017009 Forward: 5'-TGGCCACCAGTAACATGCAA-3' 134
Reverse: 5'-CAGTTGGCGGCGATAGTCAT-3'

IL-1B NM 031512.2 Forward: 5'-GTGGGATGATGACGACC -3' 151
Reverse: 5'-CACTTGTTGGCTTATGTTCT -3'

IL-6 NM_012589.1 Forward: 5-TCAACTCCATCTGCCCTTCAG-3' 70
Reverse: 5'-AAGGCAACTGGCTGGAAGTCT-3'

TNF-a NM_012675.3 Forward: 5'-AACTGGCAGAGGAGGCG -3' 115
Reverse: 5'-CAGAAGAGCGTGGTGGC -3'

BDNF NM 012513.3 Forward: 5'-GAGCTGAGCGTGTGTGACAG-3' 278
Reverse: 5'-CGCCAGCCAATTCTCTTTTTGC-3'

2 RESULTS
1.8 Data Analysis

Raw data were presented as X*s+ and changes in
means within each group over time were analyzed by
using one-way ANOVA, followed by post hoc compari-
son (Student-New-man—Keuls test). Significant differ-
ences between treatment groups were detected by
two-way ANOVA. A P<0.05 was considered to be sta-
tistically significant.

Fig. 1 Tibial radiographs of tested rats

2.1 Radiological Detection of Tibia Destruction

Tibia destruction by tumor was radiographically
dectected. No structural destruction was observed in
sham group (fig. 1A). In contrast, in CIBP rats the radio-
graphs showed mild bone destruction on day 10 (fig. 1B).
The bone destruction exhibited progressive worsening on
day 15 (fig. 1C) and 20 (fig. 1D).

Radiographs of ipsilateral tibia from sham-operated rats on day 20 after inoculation showed intact bone (A), while tibia from
CIBP group on day 10 after inoculation showed mild bone destruction (B), on day 15 (C) and 20 (D) after inoculation exhib-

ited evident bone destruction.

2.2 Glial Aactivation in the RVM of CIBP Rats
Compared with naive and sham groups, the mRNA
expression of ITGAM (microglial marker) and GFAP
(astrocytic marker) was significantly increased in CIBP
rats (P<0.05) from the 10th day after walker 256 rat
mammary gland carcinoma cells inoculation (table 2).
Therefore, this time point was chosen for further study.
Rats were sacrificed 10 days after intra-tibia inoculation
of carcinoma cells or D-hank’s solution, and then brain-
stem tissues were prepared for immunodetection of
0X-42 (microglia) or GFAP (astrocyte) (n=3 per group).

The scores of glial response states of RVM sections were:

‘0’ (fig. 2A and 2C) and ‘+++ (fig. 2B and 2D), respec-
tively, suggesting that both microglia and astrocytes

were activated in CIBP rats. Activated microglia and
astrocytes exhibited hyper-trophied cell bodies and in-
creased cell numbers (fig. 2B and 2D) as compared with
corresponding cells from sham-operated rats (fig. 2A and
2C).
2.3 Reversing Effect of Microglial Inhibitor on Pain
Hypersensitivity in CIBP Rats

To investigate the effects of activated microglia on
behavioral abnormalities in CIBP rats, the selective mi-
croglial inhibitor minocycline (25 pg) was microinjected
into RVM!'**!_ CIBP rats showed mechanical allodynia
on the 10th day, as indicated by significant reduction in
paw withdrawal threshold (PWT) to 1.3£0.3 g from a
baseline mean of 14.2+0.3 g (n=18, P<0.05) (fig. 3A).
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Sham-operated rats showed no significant difference
from the baseline (data not shown). Minocycline re-
versed mechanical allodynia in a time-related manner,
with the peak analgesia effect being observed 30 min
after injection and indicated by a mean PWT 0f 9.7 = 0.3
g (n=6, P<0.05). PWTs returned to pre-microinjection
levels 90 min after minocycline administration, as indi-
cated by a mean PWT of 1.3+0.2 g (fig. 3A). Further-
more, in order to determine whether the inhibition of
mechanical allodynia of CIBP rats by minocycline was
related to inhibition of RVM microglial activation, the
sections were obtained from sham-operated rats and
CIBP rats between 15 and 45 min after RVM microin-
jection of minocycline or saline, then prepared for im-
muno-staining of the microglial marker OX-42. CIBP
rats receiving saline injection showed increased OX-42
immuno-labeling (microglial response score: +++) (fig.
3D) relative to the sections from sham-operated group

(microglial response score: 0) (fig. 3C). Importantly,
RVM sections from CIBP rats receiving minocycline
microinjection showed decreased immunofluorescent
labeling for OX-42 (microglial response score: +) (fig.
3E) as compared with those from CIBP rats treated with
vehicle (fig. 3D), indicative of reduced microglial activa-
tion. In CIBP rats, Ibal (17 kD) showed significantly
increased level 69.7%+4.0% (n=3, P<0.05) (fig. 3B) as
compared with vehicle-treated sham-operated animals
(28.7%+0.3%; n=3). RVM microinjection of mino-
cycline resulted in reduced Ibal protein level
(24.7%=*1.5%; n=3) and caused no significant difference
(P>0.05) from that of saline-treated sham-operated ani-
mals (fig. 3B), indicating the profound inhibition of mi-
croglia activation. These results suggested that mino-
cycline diminished RVM microglia activation in CIBP
rats, and consequently reduced nociceptive hypersensi-
tivity.

Table 2 The expression levels of ITGAM and GFAP mRNA in the RVM (n=3, Xs)

Target Naive Sham CIBP
genes Day after model establishment

4th 7th 10th 15th 20th 4th 7th 10th 15th 20th
ITGAM  0.96£0.07 0.92+0.06  1.02+0.04  1.08£0.09  1.05£0.06  1.00£0.09 0.99+0.07 1.27+0.23 2.02+0.10" 3.49+0.18" 1.46+0.08"
GFAP 0.97+0.10  1.09+0.05  1.04£0.05  1.02£0.04  1.00£0.04  1.04£0.03 0.94+0.12 1.15£0.06 1.82+0.14% 4.12+0.06™" 4.74+0.19™*

P <0.05, vs. naive group; ¥ P< 0.05, vs. sham-operated group

Fig. 2 Activation of microglia and astrocytes in RVM of CIBP rats

RVM sections were from sham-operated rats (A and C) or CIBP rats (B and D) and immuno-labeled by OX-42 (microglia; A
and B) and GFAP (astrocytes; C and D). CIBP rats showed an increased labeling for OX-42 (B) and GFAP (D) along with
morphological changes indicative of activation of glia (scale bar: 20 um).
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Fig. 3 Microglial inhibitor attenuated CIBP and reversed microglial activation.
A: RVM injection of minocycline attenuated mechanical allodynia time-dependently ("P<0.05, vs. CIBP). B: RVM injection of
minocycline reversed the up-regulation of Ibal in CIBP rats (#P<0.05, vs. Sham/NS; 4 P<0.053, vs. CIBP/N S). C: RVM sections
from sham-operated rats receiving saline. D: RVM sections from CIBP rats given saline. E: RVM sections from CIBP rats ad-
ministered minocycline at 25 pg. In CIBP rats, RVM injection of minocycline produced a reduction in immunofluorescence
intensity for OX-42 along with morphological changes, suggesting reduced microglial activation. Bar: 20 pm; BL: baseline

responses; NS: 0.9 % saline
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2.4 Attenuation of Pain Hypersensitivity by Fluorocit-
rate into the RVM in CIBP Rats

To examine whether RVM astrocytes play a role in
CIBP, fluorocitrate, a relatively selective inhibitor
against astrocytes'*!! was microinjected into the RVM.
Either fluorocitrate (1 pg)!'” or saline was microin-
jected into the RVM. Mechanical allodynia was attenu-
ated from 15 to 180 min after fluorocitrate administra-
tion, as indicated by a significant increase in PWT to
10.5+1.0 g from a pre-injection mean of 1.7+0.2 g (n=6,
P<0.05) (fig. 4A). Mechanical withdrawal thresholds
gradually returned to pre-injection levels (1.3+0.2 g) by
240 min, demonstrating the reversibility of fluorocitrate
for behavioral responses (fig. 4A). At the time of peak
effect of fluorocitrate (60-90 min after microinjection),
the rats were sacrificed and RVM tissues were dissected
out for immunofluorescent staining of GFAP. CIBP rats
treated with saline showed a robust intensification of
GFAP immunofluorescent labeling, along with the
morphological changes indicative of astrocytic activa-
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tion (astrocytic response score: +++) (fig. 4D). The
RVM microinjection of fluorocitrate resulted in de-
creased GFAP immuno-labeling, indicative of reduction
in activated astrocytes (astrocytic response score: +)
(fig. 4E). Increased GFAP expression can be used as a
measure of astrocytic activation'””!. Immuno-blotting
identified a 51 kDa band that corresponded to the mo-
lecular mass of GFAP and showed a significantly in-
creased level (84.6%+8.7%, n=3, P<0.05) in CIBP rats
(fig. 4B) as compared with sham-operated animals
(42.2%+8.0%; n=3). After RVM microinjection of
fluorocitrate into CIBP rats, GFAP protein level
showed insignificant difference from sham-operated
animals receiving RVM saline injection (41.0%+6.8%,
n=3, P>0.05) (fig. 4B), indicating a decrease in astro-
cytic activation. These results suggested that astrocytic
activation was evoked in the RVM of CIBP rats and
administration of fluorocitrate could profoundly dimin-
ish this activation and consequently exerted analgesia
effects.
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Fig. 4 Astrocytic inhibitor attenuated CIBP and reversed astrocytic activation.
A: RVM injection of fluorocitrate attenuated mechanical allodynia time-dependently (*P<0.05, vs. CIBP). B: RVM injection of
fluorocitrate reversed the up-regulation of GFAP in CIBP rats (*P<0.05, vs. Sham/NS; * P<0.05, vs. CIBP/NS). C: RVM sec-

tions from sham-operated rats received saline. D: CIBP rats were given saline.

E: CIBP rats were administered fluorocitrate

at 1 pg.In CIBP rats, RVM injection of fluorocitrate produced a reduction in immunofluorescence intensity for GFAP along
with morphological changes, suggesting reduced astrocytic activation. Bar: 20 um; BL: baseline responses; NS: 0.9 % saline

2.5 Reversing Effect of p38 MAPK Inhibition in the
RVM on Microglial Activation and Its Attenuating
Action on Allodynia in CIBP Rats

Previous studies indicated that p38 MAPK phos-
phorylation was increased in activated microglia durin%
both neuropathic pain''® and inflammatory pain"'®,
which could promote the activated microglia to release
pro-inflammatory mediators. To determine whether p38
MAPK is activated within the RVM and inhibition of
p-p38 MAPK could attenuate CIBP, p38 MAPK inhibi-
tor SB203580 (10 pg)!'” or saline was microinjected into
the RVM of the animals. In CIBP rats, mechanical allo-
dynia was attenuated 15 and 45 min after SB203580 ad-
ministration, as indicated by a significant increase in
PWT to 9.3£0.4 g (n=6; P<0.05) (fig. SA). PWTs re-

turned to pre-injection level (0.8+ 0.2 g) by 90 min after
administration (fig. 5A). Microinjection of saline into
RVM of CIBP rats did not produce any significant
changes in behavioral responses. Additional groups of
CIBP rats or sham-operated rats were injected with either
saline or SB203580. At the time of peak analgesic effect
following SB203580 administration (30 min), the rats
were sacrificed and RVM were dissected out and subse-
quently subjected to immunofluorescent staining for
0X-42, to further determine changes in microglial activa-
tion. The tissues from CIBP rats microinjected with saline
showed increased immunofluorescent intensity for OX-42
(microglial response score: +++) (fig. 5D) relative to the
RVM sections from sham-operated animals receiving sa-
line (microglial response score: 0) (fig. 5SC), along with
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characteristic morphological features of microglial activa-
tion (fig. 5D). On the other hand, tissues from CIBP rats
treated with SB203580 showed reduced immunofluores-
cent intensity for OX-42, and relative resting morphologi-
cal signs for microglia (microglial response score: +) (fig.
SE). In contrast, the RVM microinjection of SB203580
did not reduce immunofluorescent labeling for GFAP in
CIBP rats (data not shown). Immuno-blotting identified a
43 kDa band that corresponded to the molecular weight of
p-p38 MAPK and showed significantly increased level
(29.5% =£1.3%, n=3; P<0.05) in CIBP rats (fig. 5B) as
compared with sham-operated animals (14.5%+1.8%;

n=3). After RVM microinjection of SB203580 in CIBP
rats, p-p38 MAPK protein level showed an insignificant
difference from that of saline-treated sham animals
(12.6%+0.8%, n=3; P>0.05) (fig. 5B), indicating a de-
crease in p-p38 MAPK phosphorylation. These results
suggested that p38 MAPK phosphorylation was induced
in the RVM of CIBP rats and that administration of
SB203580 abolished this activation correspondingly.
Since the microglial activation was also inhibited by
SB203580, the analgesic effects of SB203580 within
RVM were believed to work by inhibiting local microglial
p38 MAPK phosphorylation.
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Fig. 5 Inhibition of p38 MAPK in RVM attenuated mechanical hypersensitivity in CIBP rats

®

A: RVM injection of p38 MAPK inhibitor SB203580 attenuated mechanical allodynia time-dependently (*P<0.05, vs. CIBP).
B: RVM injection of SB203580 reversed the up-regulation of p-p38 MAPK in CIBP rats (*P<0.05, vs. Sham/NS; 4 P<0.05, vs.
CIBP/NS). C: RVM sections from sham-operated rats receiving saline. D: RVM sections from CIBP rats given saline. E: RVM
sections from CIBP rats were administered SB203580 at 10 pg. These RVM sections were labeled with OX-42 for im-
munofluorescent labeling of microglia. In CIBP rats, RVM injection of SB203580 produced a reduction in immunofluores-
cence intensity for OX-42 and relatively resting morphological signs for microglia. Bar: 20 um.

2.6 Reversing Effect of Inhibition of p38 MAPK in
the RVM on the Up-regulation of Glial Pro-inflam
matory Mediators

To further study the mechanism of RVM glial ac-
tivation in CIBP, the expression of glial pro-inflama-
tory mediators (IL-1B, IL-6, TNF-a and BDNF) in
RVM was determined by using real-time quantitative
PCR. RVM tissues were collected 30 min after RVM
injection of SB203580 or saline. Compared with the
sham/NS group, the expression of IL-1pB, IL-6, TNF-a

and BDNF in CIBP/NS group was significantly in-
creased. However, RVM microinjection of p38 MAPK
inhibitor reversed this up-regulation (fig. 6). Previous
studies showed that the increase in p38 MAPK phos-
phorylation occurred mainly in activated microglia
during pathologic pain. Therefore, these results suggest
that the RVM microinjection of p38 MAPK inhibitor
exerts its analgesic effect by inhibiting microglial p38
MAPK pathway and blocking its release of pro-in-
flammatory mediators.
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Fig. 6 RT-PCR quantification of the microglial pro-inflammatory mediators (IL-1p, IL-6, TNF-o and BDNF) in the RVM
The expression levels of IL-1p, IL-6, TNF-a and BDNF from CIBP/NS group were significantly increased (P<0.05). Thirty
min after injection, RVM injection of p38 MAPK inhibitor SB203580 significantly reversed the up-regulation of IL-1f, IL-6,
TNEF-a and BDNF (P<0.05)."P<0.05, vs. Sham/NS; “P<0.05, vs. CIBP/NS

1: Sham/NS; 2: CIBP/NS; 3: CIBP/SB203580
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3 DISCUSSION

This study demonstrated microglia and astrocytes
were apparently activated in the RVM of CIBP rats, and
RVM microinjection of the selective microglial inhibitor
or astrocytic inhibitor significantly attenuated mechani-
cal allodynia through abolishing local activation of mi-
croglia or astrocytes, respectively. Additionally, RVM
administration of p38 MAPK inhibitor relieved me-
chanical allodynia and reversed microglial activation and
release of associated pro-inflammatory mediators in
CIBP rats. Our study, for the first time, examined the
roles of RVM glia in CIBP and our the findings suggest
that RVM glial activation is involved in the pathogenesis
of CIBP and activation of RVM microglial p38 MAPK
signaling pathway contributes to descending facilitation
of CIBP.

CIBP is a unique pain state with some features of
neuropathy and inflammation, but it is more complicated.
With CIBP, the tumor itself exerts pressure on surround-
ing structures, including the sensory nerves innervating
the bone and periosteum. The tumor and associated im-
mune cells release a range of pro-hyperalgesic mediators,
which may sensitize peripheral nociceptors. Thus a com-
bination of a neuropathic type nerve injury, either due to
tumor compression or ischemia, and peripheral sensitiza-
tion secondary to release of cytokines and other media-
tors, may both contribute to the chronic pain syndrome
of CIBP. Moreover, factors in the bone and its microen-
vironment may also affect CIBP, such as hypoxia, acidic
pH, and high extracellular calcium concentrations. These
factors led to changes in plasticity in the central nervous
system, including alterations both in neurochemistry and
functional responses'’!. Because the specific mechanism
of CIBP is still unclear, current pharmacological treat-
ments are based on understanding of their mechanisms of
action in non-cancer pain syndromes. Therefore, further
study of the mechanism of CIBP and developing an al-
ternative strategy to target the specific neurobiological
changes of CIBP are needed.

Supra-spinal descending nociceptive facilitation
system pla%/s an important role in maintaining pathologic
pain states'™, among which RVM is a particularly im-
portant relay site for integrating descending influences to
the spinal cord. Recently, growing evidence suggest that,
in a variety of pathologic pain states, the RVM keeps
facilitating spinal sensitization, and mediates the devel-
opment of pathologic pain®. The activated descending
nociceptive facilitation could induce the release of pro-
nociceptive excitatory neurotransmitters from primary
afferent terminals and result in long-lasting sensitization
of spinal neurons, which is a main cause for maintaining
spinal sensitization™. It was previously reported that
RVM microglia were activated in inflammatory pain!'”’
and neuropathic pain'''!. The activated glia could release
cytokines such as TNF-a and IL-1f3, which act on cor-
responding receptors on the RVM descending facilitatory
neurons. Thus, supra-spinal glia and associated cytokines
as well as glia-neuron interactions could contribute to the
descending facilitation of pathologic pain''". This study
demonstrated that RVM glia were activated in CIBP, and
when locally treated with selective glial inhibitors, the

CIBP rats showed decreased mechanical allodynia. Wei
et al reported that in neuropathic pain RVM microglial
activation occurred in the early stage, e.g., within several
days after nerve injury!''l. Roberts er al reported that
RVM microglial activation appeared within 3 hours after
establishement of inflammatory model by Carra-
geenan''”. In contrast, our study indicated that RVM
microglial activation started at 10th day after inoculation
of cancer cells, and peaked on the 15th day, then gradu-
ally decreased. This is because the CIBP model takes
several days to allow cancer cells to grow in the tibial
bone marrow cavity. According to our previous results
and other studies, CIBP gradually increased until day 14
after inoculation when the nociceptive responses became
stable ' That means the period between day 1 and
day 14 after inoculation is the early stage of CIBP.
Meanwhile, the radiographic examination showed only
mild bone destruction on day 10 after inoculation and
severe bone destruction at the 15th day. These results
suggest that RVM microglial activation occurs at the
early stage of CIBP, which is consistent with what is
found with neuropathic and inflammatory pain. In this
study, CIBP was shown to induce RVM microglial acti-
vation and release of pro-inflammatory mediators, such
as BDNF and some cytokines. Previous studies indicated
that p38 MAPK phosphorylation was increased exclu-
sively within activated microglia with both neuropathic
and inflammatory pain, which promotes the activated
microglia to release pro-inflammatory mediators!'® ',
This study demonstrated that RVM injection of selective
p38MAPK inhibitor inhibited microglial activation, sig-
nificantly reversed the up-regulation of associated
pro-inflammatory mediators and alleviated mechanical
allodynia. Of interest, the time courses of action of both
SB203580 and minocycline on mechanical allodynia
were similar. These data suggest that the activation of
RVM microglial p38 MAPK pathway contributes to the
development of CIBP. Similar to microglia, activated
astrocytes could also release pro-inflammatory mediators,
which could act on the corresponding recePtors on adja-
cent neurons and increase their activities!"'. Our results
showed that RVM astrocytes were activated in CIBP rats
and microinjection of astrocytic inhibitor fluorocitrate
into RVM could attenuate CIBP in a time-dependent
manner. The signals that trigger and sustain astrocyte
proliferation and activation are unknown, and it is in-
triguing to speculate that the astroglial response occurs
secondary to the microglial activation®”’. The mecha-
nism of astrocytic activation in RVM warrants further
study.

Of note, in this study, drug was given by means of
rapid single RVM microinjection, which could avoid
some aversive effects caused by RVM cannulation. Usu-
ally, RVM cannulation entails a longer retention time of
the catheter, which tends to cause substantial injury to
experimental animals, such as postog)erative complica-
tions'” and neural complications*” *°!. Besides, as an
ectogenic stimulus, RVM-implanted catheter could in-
duce local neuroinflammation and neurodegeneration,
thereby interfering with the experimental conditions.
Single RVM microinjection was a minimally-invasive
procedure. Compared with RVM cannulation, it could
significantly exclude the manipulation-related distur-
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bance and make the experimental results close to the
reality to the maximum degree. The short-acting intra-
venous anesthetics propofol was used in this study!'”,
and its short action duration and lack of analgesic effect
make animals wake up quickly, which makes it feasible
for the researchers to reliably assay nociceptive behav-
iors.

In summary, the present study suggested that RVM
glial activation contributed to the development of CIBP
through promoting descending facilitation. Activation of
microglial p38MAPK pathway is involved in the modu-
lation of the expression of RVM pro-inflammatory me-
diators, which might be a part of effects of RVM micro-
glial activation in CIBP. RVM glia might serve as a
novel target for the treatment of intractable CIBP.
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