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Abstract: Objectives: The aim of this study is to investigate the effects of Mas-related G-protein-coupled receptor C 
(MrgC) agonist bovine adrenal medulla 8-22 (BAM8-22) on bone cancer pain and mirror-image pain. Methods: Bone 
cancer pain was induced by intramedullary injection of NC2472 fibrosarcoma cells in the mice. BAM8-22 and/or 
anti-MrgC antibody were injected intrathecally at day 14 after bone cancer induction and their effects on pain behav-
iors were detected. The pain behaviours were assessed by the number of spontaneous foot lifts and paw withdrawal 
mechanical threshold (PWMT) tests. MrgC expression was detected using western blot analysis and immunofluo-
rescence assay. Results: There were increased bone cancer pain and mirror-image pain in the tumor-bearing mice 
while not in the sham-treated mice. BAM8-22 attenuated bone cancer pain in mice dose dependently with the high-
est effects at 2 hr after BAM8-22 administration, and anti-MrgC antibody reversed the effects of BAM8-22. However, 
intrathecal administration of BAM8-22 did not affect the mirror-image pain. Furthermore, BAM8-22 stimulated the 
expression of MrgC in the spinal dorsal horn. Conclusions: MrgC agonist BAM8-22 could attenuate bone cancer pain 
in mice. This study may provide a novel strategy for the treatment of bone cancer pain.
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Introduction

Bone cancers can cause severe pain [1, 2], 
which lowers the quality of life in patients. Bone 
cancer pain is often refractory to clinical phar-
macotherapies which is mainly ascribed to the 
limitation of the major analgesics (e.g., opioids), 
including the wide expression of their targeting 
receptors in the central nervous system [3, 4], 
their adverse effects and the risks of addiction 
and abuse [5, 6]. Nowadays, treatment of bone 
cancer pain is a challenging issue. Recent ef- 
forts have focused on identifying novel molecu-
lar targets on nociceptive sensory neurons in 
trigeminal ganglia (TG) and dorsal root ganglion 
(DRG), which may offer an opportunity for pain-
selective pharmacologic interventions. 

Mirror-image pain is characterized by mechani-
cal hypersensitivity on the uninjured mirror-
image side [7]. It accompanies many clinical 
pain states, including bone cancer pain. 

Although mirror-image pain is usually not severe 
and early as the pain on the injured side, 
patients still suffer from pain on the contralat-
eral side. 

Mas-related G-protein-coupled receptor C 
(MrgC), also known as neuron-specific receptor 
(SNSR), plays an important role in pain sensa-
tion [8, 9]. The rodent MrgC shares substantial 
homogeneity with its human homologue MrgX1 
[10] and expresses specifically in small diame-
ter neurons in DRG and TG in mammals [11]. 
MrgC agonist bovine adrenal medulla 8-22 
(BAM8-22), which is a synthesized 15-amino 
acid peptide, is one of the cleavage products of 
proenkephalin A and the precursor of Leu- and 
Met-enkephalin in the adrenal medulla [12]. It 
specifically binds to MrgC. The role of MrgC in 
chronic pain is controversial and activation of 
MrgC has a dual effect which could induce both 
pro-nociception and analgesia. Administration 
of BAM8-22 induced nociceptive pain in rodent 
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on bone cancer pain and 
mirror-image pain by activa-
tion of MrgC and thus lead 
to analgesia. In this study, 
the effects of BAM8-22 on 
bone cancer pain and mir-
ror-image pain in mice were 
investigated.

Materials and methods

Animals

Adult (4-6 weeks old) male 
C3H/HeJ mice (weighing 
18-22 g) were obtained 
from the Beijing Vital River 
Experimental Animal Cen- 
ter. The mice were habitu-
ated individually under a 
12-12 hr light-dark cycle at 
a constant room tempera-
ture of 24°C and were given 
free access to food and 
water. All experiments were 
approved by the Animal 
Care and Use Committee of 
Affiliated Drum-Tower Hos- 
pital of Medical College of 
Nanjing University and con-
formed to the guidelines for 
the use of laboratory ani-
mals [17].

Figure 1. Increased bone cancer pain and mirror-image pain in the tumor-
bearing mice. The mice receiving intramedullary injection of α-MEM containing 
osteosarcoma NCTC 2472 cells in the femur were designated as the tumor-
bearing mice. The mice receiving intramedullary injection of α-MEM only were 
designated as the sham-treated mice. Spontaneous lifting (A) and PWMT (B) 
were examined in the tumor-bearing mice and the sham-treated mice at the 
indicated time points. IHL, the ipsilateral hind limb to the operation, that is, the 
tumor-bearing limb or the sham-treated limb (indicative of bone cancer pain); 
CHL, contralateral hind limb to the tumor-bearing limb or the sham-treated limb 
(indicative of mirror-image pain). Representative data were shown as mean ± 
SD (n = 8). *P < 0.05 vs. the data detected at day 0 before intramedullary injec-
tion in the same group, #P < 0.05 vs. the data from the corresponding limbs 
of the sham-treated mice at the corresponding time points, ΔP < 0.05 vs. the 
data from the ipsilateral hind limb of the corresponding treated mice at the cor-
responding time points. PWMT, paw withdraw mechanical threshold.

models of inflammatory and neuropathic pain 
[13, 14]. While BAM8-22 may also be of thera-
peutic value to relieve pain, inhibit persistent 
inflammatory pain as well as chemical pain, 
and down-regulate spinal c-fos gene expres-
sion in an opioid-independent manner [15, 16]. 
Nowadays, the selectivity and mechanisms of 
drugs acting on the rodent MrgC receptor have 
not been clearly demonstrated, and the thera-
peutic value of its human homologue MrgX1 for 
pain relief is uncertain.

Ideal clinical drugs for bone cancer pain require 
minimal toxic side effects or non-toxic effects. 
Since MrgC distributed highly restrictedly in 
DRG, activation of MrgC could minimize the 
unwanted CNS adverse effects. However, very 
little is known about the effects of MrgC activa-
tion on bone cancer pain and mirror-image 
pain. We speculated that BAM8-22 might act 

A total of 152 mice were enrolled in this study. 
The mice receiving the intramedullary injection 
of α-minimum essential medium (α-MEM) con-
taining osteosarcoma NCTC 2472 cells were 
designated as the “tumor-bearing mice”, The 
mice receiving the injection of α-MEM only were 
designated as the “sham-treated mice” and the 
mice without treatment were designated as the 
“normal mice”. These mice were used in the fol-
lowing three independent experiments. 

Spontaneous lifting behavior as well as with-
drawal threshold/latency to mechanical stimu-
lation was examined in 8 tumor-bearing mice 
and 8 sham-treated mice on day 0 (before the 
bone cancer induction), 3, 5, 7, 10, 14 and 21 
after the bone cancer induction, respectively. 

The mice were divided into 8 groups. In group 1 
(TB0), eight tumor-bearing mice were mock 
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tion), then 5 μl of NS con-
taining 8.0 nmol BAM8-22. 
In group 7 (SB0), eight 
sham-treated mice were 
treated with 5 μl of NS only. 
In group 8 (SB3), eight 
sham-treated mice were 
treated with 5 μl of NS con-
taining 8.0 nmol BAM8-22. 
BAM8-22 solution and anti-
MrgC antibody solution 
were injected intrathecally 
at day 14 after bone cancer 
induction according to Hy- 
lden and Wilcox’s report 
[18]. Spontaneous lifting 
behavior and mechanical 
allodynia were tested at 
0.5 hr before and at 2 hr, 
12 hr as well as 24 hr after 
BAM8-22 and/or anti-MrgC 
antibody treatment. In gro- 
up 6, anti-MrgC antibody 
solution was injected 30 
min before BAM8-22 ad- 
ministration. The dose of 
the drugs and the time 
points we adopted acco- 
rded to Jiang’s report and 
our preliminary experme- 
nts [16].

The mice were divided into 
6 groups. In group 1 (N), 
there were 6 normal mice 
without treatment. In group 
2 (S), six sham-treated 
mice were treated with 5 μl 
of NS only. In group 3 (T), 
six tumor-bearing mice 
were treated with 5 μl of NS 
only. In group 4 (B), six 

Figure 2. BAM8-22 attenuates bone cancer pain in mice. BAM8-22 and anti-
MrgC antibody were injected intrathecally at day 14 after bone cancer induc-
tion. Spontaneous lifting behavior (A) and PWMT (B) of the tumor-bearing limb 
and the sham-treated limb were tested at 0.5 hr before and at 2 hr, 12 hr 
as well as 24 hr after BAM8-22 and/or anti-MrgC antibody treatment. 1, eight 
sham-treated mice were treated with 5 μl of NS only (SB0); 2, eight sham-treat-
ed mice were treated with 5 μl of NS containing 8.0 nmol BAM8-22 (SB3); 3, 
eight tumor-bearing mice were mocked treated with 5 μl of NS (TB0); 4, eight 
tumor-bearing mice were treated with 5 μl of NS containing 0.8 nmol BAM8-22 
(TB1); 5, eight tumor-bearing mice were treated with 5 μl of NS containing 2.4 
nmol BAM8-22 (TB2); 6, eight tumor-bearing mice were treated with 5 μl of NS 
containing 8.0 nmol BAM8-22 (TB3); 7, eight tumor-bearing mice were treated 
with 5 μl of NS containing anti-MrgC antibody (TA); 8, eight tumor-bearing mice 
were treated with 5 μl of NS containing anti-MrgC antibody (1:20 dilution) and 5 
μl of NS containing 8.0 nmol BAM8-22 (TAB). Representative data were shown 
as mean ± SD (n = 8). *P < 0.05 vs. the data from group 1 at the correspond-
ing time points, #P < 0.05 vs. the data from group 3 at the corresponding time 
points, ΔP < 0.05 vs. the data detected at 0.5 hr before BAM8-22 and/or anti-
MrgC antibody treatment in the same group, ▽P < 0.05 vs. the data detected 
at 2 hr after BAM8-22 and/or anti-MrgC antibody treatment in the same group, 
◊P < 0.05 vs. the data detected at 12 hr after BAM8-22 and/or anti-MrgC an- 
tibody treatment in the same group, NS, normal saline, PWMT, paw withdraw 
mechanical threshold. 

treated with 5 μl of normal saline (NS). In group 
2 (TB1), eight tumor-bearing mice were treated 
with 5 μl of NS containing 0.8 nmol BAM8-22 
(Sigma, St. Louis, USA). In group 3 (TB2), eight 
tumor-bearing mice were treated with 5 μl of NS 
containing 2.4 nmol BAM8-22. In group 4 (TB3), 
eight tumor-bearing mice were treated with 5 μl 
of NS containing 8.0 nmol BAM8-22. In group 5 
(TA), eight tumor-bearing mice were treated 
with 5 μl of NS containing anti-MrgC antibody 
(biorbyt, USA, 1:20 dilution). In group 6 (TAB), 
eight tumor-bearing mice were treated with 5 μl 
of NS containing anti-MrgC antibody (1:20 dilu-

tumor-bearing mice were treated with 5 μl of NS 
containing 8.0 nmol BAM8-22. In group 5 (A), 
six tumor-bearing mice were treated with 5 μl of 
NS containing anti-MrgC antibody (1:20 dilu-
tion). In group 6 (AB), six tumor-bearing mice 
were treated with 5 μl of NS containing anti-
MrgC antibody (1:20 dilution), then 5 μl of NS 
containing 8.0 nmol BAM8-22. The tissue sam-
ples were collected 2 hr after BAM8-22 and/or 
anti-MrgC antibody treatment. The expression 
of MrgC in the L3-L5 spinal cord was detected 
using western blot analysis and immunofluo-
rescence assay.
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Figure 3. BAM8-22 does not affect mirror-image pain. BAM8-22 and anti-MrgC 
antibody were injected intrathecally at day 14 after bone cancer induction. 
Spontaneous lifting behavior (A) and PWMT (B) of the contralateral hind limb 
to the operation were tested at 0.5 hr before and at 2 hr, 12 hr as well as 24 
hr after BAM8-22 and/or anti-MrgC antibody treatment. 1, eight sham-treated 
mice were treated with 5 μl of NS only (SB0); 2, eight sham-treated mice were 
treated with 5 μl of NS containing 8.0 nmol BAM8-22 (SB3); 3, eight tumor-
bearing mice were mocked treated with 5 μl of NS (TB0); 4, eight tumor-bearing 
mice were treated with 5 μl of NS containing 0.8 nmol BAM8-22 (TB1); 5, eight 
tumor-bearing mice were treated with 5 μl of NS containing 2.4 nmol BAM8-22 
(TB2); 6, eight tumor-bearing mice were treated with 5 μl of NS containing 8.0 
nmol BAM8-22 (TB3); 7, eight tumor-bearing mice were treated with 5 μl of NS 
containing anti-MrgC antibody (TA); 8, eight tumor-bearing mice were treated 
with 5 μl of NS containing anti-MrgC antibody (1:20 dilution) and 5 μl of NS 
containing 8.0 nmol BAM8-22 (TAB). Representative data were shown as mean 
± SD (n = 8). *P < 0.05 vs. the data from group 1 at the corresponding time 
points. NS, normal saline, PWMT, paw withdraw mechanical threshold.

Cell culture and implantation

Osteosarcoma NCTC 2472 cells (American Type 
Culture Collection, ATCC, 2087787) were cul-
tured in NCTC 135 medium (Sigma-Aldrich, St. 
Louis, USA) with 10% horse serum (Gibco, 
Grand Island, USA) at 37°C in an atmosphere of 
5% CO2 and 95% air (Thermo Forma, Ohio, 
USA). The cells were passaged twice a week 
according to ATCC recommendations.

The bone cancer pain model was produced 
according to Schwei’s report [19] and our previ-
ous studies. Briefly, the mice were anesthetized 
with intraperitoneal injection of 50 mg/kg pen-
tobarbital sodium (1% in NS), and a superficial 
incision was made in the skin overlying the right 
articulatio genu with eye scissors. Gonar- 

flinches of the right and left hind limb were 
recorded, respectively, during 2 min periods. 
Every lift of the hind limb not related to walking 
or grooming was considered to be one flinch.

Mechanical allodynia test

Von Frey filaments (Stoelting, Wood Dale, IL, 
USA) were used to assess mechanical allodynia 
according to Chaplan’s report and our previous 
studies [20]. The mice were placed in individual 
transparent plexiglass compartments (10 cm × 
10 cm × 15 cm) on a metal mesh floor (grati-
cule: 0.5 cm × 0.5 cm). Mechanical threshold 
was measured using a set of von Frey filaments 
(0.16 g-2.0 g bengding force). The filaments 
were poked vertically against the plantar sur-
face with a sufficient force until causing slight 

throtomy was performed to 
expose the femur condyles. 
A light depression was 
made using a dental bur. A 
30-gauge needle was used 
to perforate the cortex, 
then a volume of 20 μl 
α-MEM containing 2 × 105 
NCTC 2472 cells was inject-
ed into the intramedullary 
space of the femur using a 
25 μl microsyringe. These 
mice were designated as 
the tumor-bearing mice. In 
the sham-treated mice, a 
volume of 20 μl α-minimum 
essential medium (α-MEM) 
only was injected into the 
intramedullary space of the 
femur. Dental amalgam 
was used to seal the injec-
tion hole.

Spontaneous lifting behav-
ior assessment

All the tests were perfo- 
rmed during the light ph- 
ase. The mice were allowed 
to acclimatize for at least 
30 min before each test. 
The mice were housed in 
individual plexiglass com-
partments (10 cm × 10 cm 
× 15 cm) for 30 min. The 
number of spontaneous 
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Figure 4. The expression of MrgC in the spinal dorsal horn detected using west-
ern blot analysis. BAM8-22 and anti-MrgC antibody were injected intrathecally 
at day 14 after bone cancer induction and MrgC expression in the spinal dorsal 
horn was detected at 2 hr after BAM8-22 and/or anti-MrgC antibody treatment. 
The representative results were shown in (A) and the quantitative comparison 
of the data derived from the independent experiments as in (A) were shown in 
(B). 1, normal mice without treatment (N); 2, sham-treated mice treated with 
5 μl of NS only (S); 3, tumor-bearing mice treated with 5 μl of NS only (T); 4, 
tumor-bearing mice treated with 5 μl of NS containing 8.0 nmol BAM8-22 (B); 
5, tumor-bearing mice treated with 5 μl of NS containing anti-MrgC antibody 
(1:20 dilution) (A); 6, tumor-bearing mice treated with 5 μl of NS containing 
anti-MrgC antibody (1:20 dilution), then 5 μl of NS containing 8.0 nmol BAM8-
22 (AB). β-actin was used as the internal control. The data represents means ± 
SD (n=6). *P < 0.05 vs. group 1, #P < 0.05 vs. group 2, ΔP < 0.05 vs. group 3. 

bending against the paw. The force was held for 
6-8 sec and with a 10-min interval. The positive 
response was defined as brisk withdrawal or 
paw flinching. The sequentially increasing and 
decreasing the stimulus strength (the “up-and-
down” method) was used to determine the paw 
withdrawal mechanical threshold (PWMT). For 
each mouse, the hind paw was tested five times 
per stimulus strength. The cutoff force was 2.0 
g. The lowest von Frey filaments which had 
three or more positive responses were regard-
ed as paw withdrawal mechanical threshold 
(PWMT).

Immunofluorescence assay

The mice were deeply anesthetized with pento-
barbital sodium (50 mg/kg, i.p.), and perfused 

the Leica TCS SP2 multiphoton confocal micro-
scope (Leica Microsystems, Wetzlar, Germany) 
and were randomly selected for further analy-
sis. Image-Pro Plus analysis software (Media 
Cybernetics, Inc., Rockville, MD) was used to 
analyze the fluorescence intensities of these 
images.

Western blot analyses

The spinal cord L3-L5 segments were removed 
rapidly and stored in liquid nitrogen. The tissue 
samples were homogenized in lysis buffer. The 
homogenate was centrifuged at 13,000 rpm 
for 10 minutes at 4°C, and the supernatant 
was removed. The BCA Protein Assay Kit 
(Thermo Fisher Scientific Life Science Research, 

transcardially with 4% par- 
aformaldehyde in 0.1 M ph- 
osphate buffer at pH 7.4. 
The immunofluorescence 
assay was performed ac- 
cording to our previous 
studies [21]. The spinal 
cord L3-L5 segments were 
collected for immunofluo-
rescence assay. Serial fro-
zen spinal cord sections 
were cut on a sliding micro-
tome to a thickness of 25 
mm, collected in PBS, and 
processed as free-floating 
sections. After washing in 
PBS, the sections were 
blocked for 60 min at room 
temperature with 10% (v/v) 
normal fetal bovine serum. 
The samples were incubat-
ed for 48 hours at 4°C with 
the primary antibody of rab-
bit anti-MrgC polyclonal 
antibody (1:250, biorbyt). 
After washing, the samples 
were incubated with the 
secondary antibody (Alexa 
Fluor 594, 1:500, Abcam) 
at 4°C overnight. The sec-
tions were mounted on 
glass slides, air-dried, and 
covered with coverslips 
using Aquamount (Fisher 
Scientific, Ottawa, Canada). 
The images were taken at 
200 × magnification using 
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Figure 5. The expression of MrgC in the spinal dorsal horn detected using immunofluorescence assay (× 200). 
BAM8-22 and anti-MrgC antibody were injected intrathecally at day 14 after bone cancer induction and MrgC ex-
pression in the spinal dorsal horn was detected at 2 hr after BAM8-22 and/or anti-MrgC antibody treatment. The 
cells with red fluorescence were MrgC-positive. The representative results were shown in (A) and the quantitative 
comparison of the data derived from the independent experiments as in (A) were shown in (B). 1, normal mice 
without treatment (N); 2, sham-treated mice treated with 5 μl of NS only (S); 3, tumor-bearing mice treated with 5 
μl of NS only (T); 4, tumor-bearing mice treated with 5 μl of NS containing 8.0 nmol BAM8-22 (B); 5, tumor-bearing 
mice treated with 5 μl of NS containing anti-MrgC antibody (1:20 dilution) (A); 6, tumor-bearing mice treated with 5 
μl of NS containing anti-MrgC antibody (1:20 dilution), then 5 μl of NS containing 8.0 nmol BAM8-22 (AB). The data 
represents means ± SD (n = 6). *P < 0.05 vs. group 1, #P < 0.05 vs. group 2, ΔP < 0.05 vs. group 3. 

Pudong, China) was used to determine the con-
centration of the proteins. Then the protein 
samples were separated on SDS-PAGE gel and 
transferred to polyvinylidene difluoride filters 
(Millipore, Billerica, MA). The filters were 
blocked with 5% nonfat milk and then incubat-
ed with rabbit anti-MrgC primary antibody (bior-
byt, 1:500). The membrane was washed with 
Tris-HCl buffer saline and incubated with the 
secondary antibody of polyclonal goat anti-rab-
bit IgG (Abcam, 1:5000). Immunoblots were 
visualized in Electro-Chemi-Luminescence 
solution (Santa Cruz Biotechnology, CA, USA) 
for 1 minute and exposed to hyper-films 
(Amersham Biosciences, Piscataway, NJ) for 1 
to 10 minutes. β-actin (abcam, UK, 1:1000) 
was used as a loading control for total protein. 
The gray value of each band was quantified 
with a. The mean normalized optical density 
(OD) of MrgC protein bands relative to the OD of 

β-actin band from the same sample was calcu-
lated using the computer-assisted imaging 
analysis system (IPLab software, Scanalytics, 
Fairfax, VA).

Statistical analysis

All the data were expressed as mean ± SD 
(standard deviation). The animals were 
assigned to different treatment groups in a ran-
domized way. Repeated measures ANOVA were 
performed to determine the overall differences 
at each time point in spontaneous lifting behav-
ior and PWMT. One-way ANOVA was used to 
determine the differences in the expression of 
MrgC among all the experimental groups. In 
both cases, when significant main effects were 
observed, LSD post hoc tests were performed 
to determine the source(s) of differences. P 
value < 0.05 was considered statistically sig- 
nificant.
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Results

Increased bone cancer pain and mirror-image 
pain in the tumor-bearing mice

To assess the pain behaviors in the tumor-bear-
ing mice and the sham-treated mice, spontane-
ous lifting behavior assessment and mechani-
cal allodynia assays were performed. After 
bone cancer induction, the number of sponta-
neous flinches of the right hind limb (the ipsilat-
eral hind limb to the operation) gradually 
increased with the peak at day 3, and returned 
to the level before operation at day 5 in both 
the tumor-bearing mice and the sham-treated 
mice (Figure 1A). Thus, the increase in sponta-
neous flinches at day 3 may be attributed to the 
operational injury. In the tumor-bearing mice, 
the number of spontaneous flinches of the 
tumor-bearing limb increased since day 7 and 
reach 13.50 ± 1.82 and 14.60 ± 2.60 at day 
14 and day 21, respectively, which were signifi-
cantly higher than those in the sham-treated 
mice (1.70 ± 0.31, P < 0.05 and 1.62 ± 0.63, P 
< 0.05, respectively). This was corresponded 
with the development of bone cancer. Moreover, 
in the tumor-bearing mice, the number of spon-
taneous flinches of the left hind limb (contralat-
eral to the tumor-bearing limb) increased since 
day 10 and reach 4.31 ± 0.64 at day 14, which 
was significantly higher than that in the sham-
treated mice (1.02 ± 0.50, P < 0.05).

These results were further confirmed by 
mechanical allodynia assays. The ipsilateral 
hind limb to the operation of both tumor-bear-
ing and sham-treated mice showed a signifi-
cant decrease in PWMT to von Frey filaments 
stimulation at day 3, and recovered to the level 
of day 0 before operation at day 5 (Figure 1B). 
PWMT of the right hind limb decreased since 
day 5 and reach 0.42 ± 0.22 at day 21, which 
was significantly lower than that in the sham-
treated mice (1.80 ± 0.15, P < 0.05). Moreover, 
in the tumor-bearing mice, the number of spon-
taneous flinches of the contralateral hind limb 
to the operation decreased since day 10 and 
reached 1.33 ± 0.10 at day 21, which was sig-
nificantly lower than that in the sham-treated 
mice (1.83 ± 0.16, P < 0.05). These results indi-
cate increased bone cancer pain and mirror-
image pain in the tumor-bearing mice. Fur- 
thermore, compared to the bone cancer pain, 
mirror-image pain tended to occur later and at a 
lesser degree.

BAM8-22 attenuates bone cancer pain in mice

The effects of intrathecal administration of 
BAM8-22 on bone cancer pain were detected. 
As shown above, in the tumor-bearing mice, the 
bone cancer pain-related behaviors increased 
gradually and tended to be stable at day 14. 
Thus, BAM8-22 was injected intrathecally into 
the mice at day 14 after bone cancer induction. 
As shown in Figure 2A, there were no signifi-
cant differences in the number of spontaneous 
flinches between the sham-treated mice and 
the sham-treated mice combined with BAM8-
22 treatment at each time point detected, indi-
cating that BAM8-22 itself had no effect on 
spontaneous lifting behavior in the sham-treat-
ed mice. As to the tumor-bearing mice, intrathe-
cal administration of 0.8 nmol BAM 8-22 (TB1) 
did not affect the spontaneous pain behavior in 
the tumor-bearing limb at each time point 
detected. While at 2 hr and 12 hr after adminis-
tration of 2.4 nmol BAM8-22 (TB2), the num-
bers of spontaneous flinches of tumor-bearing 
mice were 8.61 ± 1.90 and 10.35 ± 1.78, 
respectively, which were significantly lower 
than those in the tumor-bearing mice with mock 
treatment (12.67 ± 1.67, P < 0.05 and 13.63 ± 
1.90, P < 0.05, respectively). Furthermore, at 2 
hr and 12 hr after administration of 8.0 nmol 
BAM8-22 (TB3), the numbers of spontaneous 
flinches of tumor-bearing mice were 6.37 ± 
1.20 and 8.82 ± 1.89, respectively, which were 
significantly lower than those in the tumor-bear-
ing mice with mock treatment (12.67 ± 1.67, P 
< 0.05 and 13.63 ± 1.90, P < 0.05, respective-
ly). It should be noticed that 24 hr after BAM8-
22 administration, there were no significant dif-
ferences in the number of spontaneous flinch-
es between the tumor-bearing mice and the 
tumor-bearing mice combined with BAM8-22 
treatment at each concentration detected. 

These results were further confirmed by 
mechanical allodynia assays. As shown in 
Figure 2B, in the tumor-bearing mice, intrathe-
cal administration of 0.8 nmol BAM 8-22 did 
not affect PWMT of the tumor-bearing limb at 
each time point detected. While at 2 hr and 12 
hr after administration of 2.4 nmol (TB2) and 
8.0 nmol BAM8-22 (TB3), PWMT was signifi-
cantly higher than those in the tumor-bearing 
mice with mock treatment. Twenty-four hr after 
BAM8-22 administration, there were no signifi-
cant differences in PWMT between the tumor-
bearing mice and the tumor-bearing mice com-
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bined with BAM8-22 treatment at each concen-
tration detected. These results indicate that 
BAM8-22 attenuates bone cancer pain in mice 
dose dependently with the highest effects at 2 
hr after BAM8-22 administration. 

The effects of intrathecal injection of the MrgC 
antagonist, anti-MrgC antibody, on bone cancer 
pain were also detected. As shown in Figure 
2A, at 2 hr and 12 hr after administration of 
anti-MrgC antibody (1:20 dilution) (TA), the 
numbers of spontaneous flinches of tumor-
bearing mice were 13.32 ± 2.80 and 13.60 ± 
1.52, respectively, which were significantly 
higher than those in the tumor-bearing mice 
with mock treatment (12.67 ± 1.67, P < 0.05 
and 13.63 ± 1.90, P < 0.05, respectively). As 
mentioned above, at 2 hr and 12 hr after 
administration of 8.0 nmol BAM8-22 (TB3), the 
numbers of spontaneous flinches of tumor-
bearing mice were significantly lower than 
those in the tumor-bearing mice with mock 
treatment (TB0). While there were no signifi-
cant differences in the number of spontaneous 
flinches between the tumor-bearing mice treat-
ed with anti-MrgC antibody (1:20 dilution) as 
well as 8.0 nmol BAM8-22 (TAB) and the tumor-
bearing mice with mock treatment (TB0) at 
each time point detected. These were further 
confirmed by mechanical allodynia assays 
(Figure 2B). These results indicate that anti-
MrgC antibody aggravates bone cancer pain in 
mice with the highest effects at 2 hr after 
administration and reverses the effects of 
BAM8-22. 

Intrathecal administration of BAM8-22 does 
not affect mirror-image pain

We found that in the tumor-bearing mice, the 
mirror-image pain-related behaviors increased 
significantly at day 14 after bone cancer induc-
tion. Thus, as mentioned above, BAM8-22 was 
injected intrathecally into the mice at day 14 
and the effects of BAM8-22 on mirror-image 
pain were also detected. There were no signifi-
cant differences in the number of spontaneous 
flinches between the tumor-bearing mice and 
the tumor-bearing mice treated with BAM8-22 
at different concentrations and different time 
points (Figure 3A). These results were further 
confirmed by mechanical allodynia assays 
(Figure 3B). These data suggest that intrathe-
cal administration of BAM8-22 has no signifi-

cant effect on mirror-image pain induced in the 
tumor-bearing mice.

BAM8-22 stimulates the expression of MrgC in 
the spinal dorsal horn

To investigate the effects of BAM8-22 on MrgC 
expression in spinal dorsal horn, western blot 
analysis and immunofluorescence assay were 
performed. BAM8-22 and anti-MrgC antibody 
were injected intrathecally at day 14 after bone 
cancer induction and MrgC expression in the 
spinal dorsal horn was detected at 2 hr after 
BAM8-22 and/or anti-MrgC antibody treatment. 
As shown in Figure 4, MrgC expression was sig-
nificantly higher in the spinal dorsal horn of the 
tumor-bearing mice than that of the sham-
treated mice (S) and the normal mice (N). 
Intrathecal injection of 8.0 nmol BAM8-22 (B) 
stimulated MrgC expression in the spinal dorsal 
horn, while intrathecal injection of anti-MrgC 
antibody (A) inhibited MrgC expression. Fur- 
thermore, pretreatment with anti-MrgC anti-
body reversed the stimulation effects of BAM8-
22 on MrgC expression (AB). These results 
were further confirmed using immunofluores-
cence assay (Figure 5). These results indicate 
that BAM8-22 stimulates the expression of 
MrgC in the spinal dorsal horn.

Discussion

In this study, the effects of MrgC agonist BAM8-
22 on bone cancer pain and mirror-image pain 
were investigated. Intrathecal treatment with 
BAM8-22 significantly attenuated bone cancer 
pain behaviors in a dose-dependent manner 
through upregulation of MrgC expression, and 
had no significant effect on the mirror-image 
pain. While the largest dose of BAM8-22 (TB3) 
we used did not reverse the bone cancer-relat-
ed pain behaviors completely. This may be 
because MrgC is not the only factor that induc-
es bone cancer pain. Furthermore, the dose of 
BAM8-22 we adopted in this study did not 
reach its maximum dose for treatment. We also 
observed that even the highest dose of BAM8-
22 in our study had no effect on mirror-image 
pain. This may be due to different mechanisms 
between the bone cancer pain behaviors and 
mirror-image pain. It has been reported that 
BAM8-22 can reduce inflammatory pain and 
neuropathic pain, which may be associated 
with the inhibition of up-regulation of nNOS, 
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TRPV1 and CGRP as well as c-Fos expression in 
the spinal dorsal horn or DRG [16, 22]. However, 
the specific analgesic mechanisms of BAM8-22 
in bone cancer pain still need to be further 
elucidated. 

Up to now, the treatment of various types of 
pain is still a real challenge as most analgesics 
show serious side effects owing to the wide dis-
tribution of their targeting receptors [23]. Thus, 
the ideal clinical analgesics should possess lit-
tle or no unwanted CNS effects. It has been 
shown that MrgC are highly restrictly distribut-
ed in DRG. Activation of MrgC only exhibited 
analgesic activity instead of the adverse effects 
[24]. In this study, no side effects were observed 
with intrathecal treatment of BAM8-22 at the 
dose as high as 8.0 nmol. It has been reported 
that MrgC had no effect in pain processing 
under normal conditions, because activation of 
MrgC did not alter the basal nociceptive thresh-
olds [25]. Therefore, there may be a promising 
prospect for BAM8-22 to be used in cancer 
pain control. In summary, MrgC agonist BAM8-
22 could attenuate bone cancer pain in mice. 
This study may provide a novel strategy for the 
treatment of bone cancer pain.
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