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Abstract: Neuropathic cancer pain is caused by tumors compressing the spinal nerve roots and is 
usually difficult to treat. The aim of current study was to determine the influence of NGF antibody on 
pain-related markers and behavior in a mouse model of neuropathic cancer pain. Twenty mice were 
used to model neuropathic cancer pain by applying murine sarcoma cells to their left sciatic nerve. 
Ten mice were sham operated. Two weeks after surgery, the murine sarcoma-affected mice were 
allocated randomly into treatment groups receiving either sterile saline (saline group) or an anti-nerve 
growth factor antibody (anti-NGF group). Three weeks after surgery (a week after treatment), the 
pain-related behavior of mice was evaluated using a CatWalk system. Subsequently, bilateral dorsal 
root ganglia (DRGs) from the L4–L6 levels and spinal cords at L4–L6 levels were resected. DRGs 
were immunostained for calcitonin gene-related peptide (CGRP) and activating transcription factor 
3 (ATF-3), and spinal cords were immunostained for ionized calcium-binding adaptor molecule-1 
(iba-1). Mechanical allodynia was observed in mice from the saline group and was improved in mice 
from the anti-NGF group. CGRP and ATF-3-immunoreactivity in DRGs and microglia expression in 
the spinal dorsal horn were upregulated in the saline group compared with the sham group, and they 
were suppressed in the anti-NGF group compared with the saline group (P<0.05). These findings 
suggest that anti-NGF therapy might be valuable for treating neuropathic cancer pain.
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Introduction

Metastases to the spine occur frequently in patients 
with advanced cancer. an increase in the number of pa-
tients with bone metastases is observed because of the 
development of treatments such as surgery and radio-
therapy, which extend the life expectancy of cancer 
patients. The occurrence of spinal metastases can cause 
significant morbidity, with pain and neurological deficits 

adversely affecting the patient’s quality of life. neuro-
pathic cancer pain is caused by compression of spinal 
nerve roots by tumors.

a treatment option for neuropathic cancer pain is con-
ventional radiotherapy. The efficacy of radiotherapy 
depends on the sensitivity of tumor cells to ionizing 
radiation [4, 22]. Therefore, it is sometimes difficult to 
control neuropathic cancer pain by radiotherapy. surgery 
is the most effective treatment for neuropathic cancer 
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pain. However, surgery is invasive and difficult for ad-
vanced cancer patients having poor general conditions. 
Medication is another treatment option for the relief of 
neuropathic cancer pain.

we have focused on neurotrophins including nerve 
growth factor (ngF) as new targets for the treatment of 
neuropathic cancer pain. ngF is not only important for 
the maintenance and development of the sensory nervous 
system [15, 19] but is also a major contributor to inflam-
mation and nociception [17]. Lewin et al. reported that 
systemic injection of ngF induced thermal and me-
chanical hyperalgesia [18]. in animal models of neuro-
pathic pain, such as nerve trunk or spinal nerve ligation, 
systemic injection of anti-ngF antibody reduces allo-
dynia and hyperalgesia [23, 24, 33].

we hypothesized that anti-ngF therapy may be effec-
tive for neuropathic cancer pain. The purpose of the 
current study was to investigate the efficacy of nerve 
growth factor antibody for reducing the mechanical al-
lodynia and upregulated expression of pain markers seen 
in a mouse model of neuropathic cancer pain.

Materials and Methods

all protocols for animal procedures were approved by 
the ethics committee of chiba university in accordance 
with the national institutes of health guidelines for the 
care and use of Laboratory animals (1996 revision).

Model of neuropathic cancer pain
in this study, we used 6-week-old male c57 BL/6 

mice. Mice were anesthetized with sodium pentobarbital 
(40 mg/kg, intraperitoneal) and treated aseptically 
throughout the experiments. The left sciatic nerves of all 
30 mice used were exposed. Ten mice were used as sham 
controls. To model neuropathic cancer (ca) pain, ncTc 
2472 murine fibrosarcoma cells (DS Pharma Biomedical 
co., Ltd., osaka, Japan) were applied to the sciatic nerve 
of 20 mice using the same method as previously re-
ported [26]. Two weeks after surgery, the 20 ca mice 
were randomly assigned into treatment groups receiving 
either sterile saline (10 mg/kg, intraperitoneally (i.p.)) 
(ca+saline group, n=10) or anti-ngF antibody (exalpha 
Biologicals inc., shirley, Ma, usa) (10 mg/kg, i.p.) 
(ca+anti-ngF group, n=10).

Behavioral evaluation (CatWalk analysis)
The catwalk system (noldus information Technology, 

wageningen, The netherlands) was used to perform a 
detailed analysis of gait. This system has been described 
in detail elsewhere [11]. Briefly, in this system, rats or 
mice are placed on a glass plate located in a darkened 
room and are allowed to walk freely. a light beam is 
projected through the glass plate. The light is complete-
ly reflected internally. However, when a paw touches the 
glass plate, light is reflected downwards. This results in 
a sharp bright image of the paw print. The entire run is 
recorded by a video camera. The data are acquired and 
analyzed using catwalk software.

Three weeks after the surgical procedure (a week after 
treatment), all mice walked on the glass plate three times. 
The gaits of all mice were recorded three times and 
analyzed using the catwalk system. The ratio of the 
ipsi- and contralateral mean intensities from the catwalk 
system could be determined. we compared the ratio of 
the ipsi- and contralateral mean intensities between the 
three groups.

Immunohistochemical analysis
Three weeks after surgery (a week after treatment), 

all mice were anesthetized with sodium pentobarbital 
(40 mg/kg, intraperitoneal) and perfused transcardially 
with 0.9% saline, followed by 30 ml of 4% paraformal-
dehyde in phosphate buffer (0.1 M, ph 7.4). Bilateral 
dorsal root ganglia (drgs) from the L4 to L6 levels and 
the spinal cord at the epicomus level were resected, and 
the specimens were immersed in the paraformaldehyde 
fixative solution overnight at 4°C before being immersed 
in 0.01 M phosphate buffered saline (PBS) containing 
20% sucrose for 20 h at 4°C for cryoprotection.

each drg was sectioned at a thickness of 10 µm on 
a cryostat, and sections were mounted on poly-l-lysine-
coated slides. endogenous tissue peroxidase activity was 
quenched by soaking sections in 0.3% hydrogen perox-
ide solution in 0.01 M PBS for 30 min. Specimens were 
then treated for 90 min at room temperature with a solu-
tion consisting of 0.01 M PBS containing 0.3% Triton 
X-100 and 3% skim milk to block nonspecific binding 
sites. To evaluate the expression of neuropeptides in 
drgs, the sections were processed for calcitonin gene-
related peptide (CGRP) immunohistochemistry using a 
rabbit antibody to CGRP (1:1,000; Chemicon, Temecu-
la, ca, usa) diluted in blocking solution, and the sec-
tions were incubated for 20 h at 4°C. To detect CGRP 
immunoreactivity in the drgs, sections were incubated 
for 3 h with goat anti-rabbit Alexa Fluor 488 fluorescent 
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antibody conjugate (1:400; Molecular Probes, Eugene, 
or, usa).

To evaluate nerve injury, we examined the expression 
of activating transcription factor 3 (aTF-3) in drg neu-
rons. The sections were processed for immunohisto-
chemistry using a rabbit antibody to ATF-3 (1:800; 
santa cruz Biotechnology, dallas, TX, usa) diluted in 
blocking solution, and they were then incubated for 20 
h at 4°C. To detect ATF-3 immunoreactivity in the DRGs, 
sections were incubated for 3 h with alexa Fluor 488 
conjugated goat anti-rabbit IgG (1:1,000; Molecular 
Probes, Eugene, OR, USA). Labeled DRG sections were 
examined using a fluorescence microscope, and the total 
numbers of DRG neurons and the numbers of CGRP-
immunoreactive (ir) or aTF3-ir neurons per 0.45 mm2 
in 10 randomly selected fields were counted at ×400 
magnification using a counting grid. The proportion of 
CGRP-IR or ATF-3-IR DRG neurons among all DRG 
neurons was then calculated.

each spinal cord was sectioned at a thickness of 25 
µm on a cryostat. endogenous tissue peroxidase activ-
ity was quenched by soaking the sections in 0.3% hy-
drogen peroxide solution in 0.01 M PBS for 30 min. The 
sections were then incubated in blocking solution for 90 
min. To identify microglia in the spinal cord, sections 
were processed immunohistochemically using a free-
floating avidin–biotin complex technique and incubated 
with a rabbit antibody to ionized calcium-binding adap-
tor molecule-1 (iba1) (a marker for microglia; 1:1,000; 
Wako Pure Chemical Industries, Osaka, Japan) for 20 h 
at 4°C. To detect iba1 immunoreactivity in the spinal 
cord, sections were incubated with goat anti-rabbit alexa 
Fluor 488 fluorescent antibody conjugate (1:1,000; Mo-
lecular Probes, Eugene, OR, USA). Subsequently, sec-
tions were floated in 0.01 M PBS and mounted on poly-
l-lysine-coated slides. sections were examined using a 
fluorescence microscope, and the numbers of iba1-IR 
neurons in the spinal dorsal horn were counted. spe-
cifically, the area of the spinal dorsal horn was calcu-
lated by using the imageJ software (wayne rasband, 
nih), and ir spinal dorsal horn neurons were counted 
at ×400 magnification using a counting grid to determine 
the number of iba1-ir neurons per 1 mm2.

Statistical analysis
The ratio of the ipsi- and contralateral mean intensities 

from the CatWalk data, the proportion of CGRP-IR neu-
rons among all drg neurons, the proportion of aTF-3-

ir neurons among all drg neurons, and the density of 
microglia in the spinal dorsal horn were compared be-
tween the 3 groups using a nonrepeated measures anal-
ysis of variance (anoVa) with Bonferroni post hoc 
correction. P<0.05 was considered significant.

Results

Behavioral analysis
in the ca+saline group, the ratio of the ipsi- and con-

tralateral mean intensities from the catwalk data at 3 
weeks after surgery (66.4%) was significantly lower than 
that in the sham group (99.5%) (P<0.05). The ratio of 
the ipsi- and contralateral mean intensities was signifi-
cantly higher in the ca+anti-ngF group (87.6%) com-
pared with the ca+saline group (P<0.05). There were no 
significant differences between the sham group and the 
ca+anti-ngF group (P>0.05) (Fig. 1).

Immunohistochemical analysis
CGRP-IR DRG neurons (Figs. 2A–2C) and aTF-3-ir 

DRG neurons (Figs. 2D–2F) were present in the bilat-
eral drgs from L4 through L6. The proportion of 
CGRP-IR neurons among all DRG neurons in the 
Ca+saline group (34.5%) was significantly greater than 
the corresponding proportion in the sham group (16.4%) 
(P<0.05). The proportion of CGRP-IR neurons among 
all drg neurons in the ca+anti-ngF group (19.2%) was 
significantly smaller than the corresponding proportion 
in the ca+saline group (P<0.05). There were no signifi-

Fig. 1. The ratio of the ipsi- and contralateral mean intensities 
from the catwalk system (*P<0.05, N.S.: nonsignificant, 
compared between the 3 groups using a nonrepeated mea-
sures anoVa with Bonferroni post hoc correction).
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cant differences between the sham group and the 
ca+anti-ngF group (P>0.05) (Fig. 3a). The proportion 
of aTF-3-ir neurons among all drg neurons in the 
Ca+saline group (11.9%) was significantly greater than 
the corresponding proportion in the sham group (2.2%) 
(P<0.05). The proportion of aTF-3-ir neurons among 
all drg neurons in the ca+anti-ngF group (4.7%) was 
significantly smaller than the corresponding proportion 
in the ca+saline group (P<0.05). There were no signifi-
cant differences between the sham group and the 
ca+anti-ngF group (P>0.05) (Fig. 3B).

in the spinal dorsal horn, iba1-ir microglia were pres-
ent in the 3 groups (Fig. 4). The densities of iba1-ir 
microglia in the ca+saline group (322.2/mm2) and 
ca+anti-ngF group (271.5/mm2) were significantly 
higher than the corresponding density in the sham group 
(220.0/mm2) (P<0.05). The density of iba1-ir microglia 
in the Ca+anti-NGF group was significantly lower than 
the corresponding density in the ca+saline group 
(P<0.05) (Fig. 5).

Discussion

in the present study, application of the murine sar-
coma cells to the sciatic nerve produced mild gait dis-
turbance, an increase of CGRP and ATF-3 immunoreac-
tivity in drgs, and an increased density of microglia in 
the spinal dorsal horn that could be suppressed by inhib-
iting ngF.

The catwalk system was initially developed to eval-
uate motor function, such as that modified in models of 
spinal cord injury, Parkinson disease, or olivocerebellar 
degeneration [6, 7, 12, 16]. it has been applied to various 
models to evaluate behavior associated with pain, such 
as mechanical allodynia [9, 29]. in a rat model of neu-
ropathic pain involving chronic sciatic nerve constriction 
injury, there was a high correlation between thresholds 
in a Von Frey test and the mean intensity from a catwalk 
system [29]. it is well known that the Von Frey test can 
be used to evaluate mechanical allodynia. These findings 
suggest that the mild gait disturbance in the present study 
reflects mechanical allodynia. Therefore, application of 
the murine sarcoma cells to the sciatic nerve could in-
duce mechanical allodynia.

Fig. 2. Representative CGRP-IR (A, B, and C) and ATF-3-IR (D, E, and F) DRG neurons. A and 
d are from the sham group, B and e are from the ca+saline group, and c and F are from 
the ca+anti-ngF group.
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in the current study, application of the murine sarcoma 
cells to the sciatic nerve induced an increase of CGRP- 
and aTF-3 immunoreativity in drgs and an increased 
density of microglia in the spinal dorsal horn. CGRP has 
been identified in small NGF-dependent DRG neurons 
involved in the perception of inflammatory pain [2], sug-
gesting that the upregulation of CGRP indicates a pain 
state. By contrast, aTF-3 is a transcription factor and a 
marker of nerve injury induced by stress [11, 20]. aTF-
3 is not thought to be expressed during inflammation; 
therefore, upregulation of aTF-3 in drg neurons sug-
gests gradually progressive nerve injury [2, 13, 20]. 
glial cells including microglia are activated by nerve 

injury [8, 27, 31]. early microglial activation in the spi-
nal dorsal horn follows various nerve injuries [8]. Mi-
croglia may be responsible for the initiation of neuro-
pathic pain induced by peripheral nerve injury [5]. 
Therefore, our findings suggest that application of mu-
rine sarcoma cells to the sciatic nerve induced not only 
a neuropathic pain state but also an inflammatory pain 
state.

The increase in mechanical allodynia seen in the be-
havioral study, the CGRP and ATF-3 immunoreactivity 
in the drgs, and activation of microglia in the spinal 
dorsal horn can be suppressed by inhibiting ngF. ngF 
was first discovered by Rita Levi-Montalcini in the 

Fig. 3. The proportions of CGRP-IR neurons (A) or ATF-3-IR neurons (B) among all DRG neurons 
(*P<0.05, N.S.: nonsignificant, compared between the 3 groups using a nonrepeated measures 
anoVa with Bonferroni post hoc correction).

Fig. 4. Representative iba1-IR microglia in the spinal dorsal horn A, sham group; B, Ca+saline group, and C, Ca+anti-NGF 
group.
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early 1950s [1]. it is thought that ngF is essential for 
neuronal survival, proliferation, and differentiation in 
the peripheral and central nervous systems [30]. averill 
et al. reported that intrathecal injection of ngF amelio-
rates the increase in aTF-3 expression [3]. however, by 
contrast, ngF is considered a mediator of chronic pain 
[32]. anti-ngF therapy may be effective for reducing 
pain in models of low back pain [21], neck pain [25], 
and wrist pain [14]. ngF is thought to be new target for 
pain therapy. Therefore, anti-ngF therapy might be valu-
able for the treatment of neuropathic cancer pain. re-
garding the possible mechanism of anti-ngF therapy for 
cancer neuropathic pain, it has been reported that ngF 
was produced by cells involved in local inflammation 
including macrophage, keratinocyte, and mast cells and 
that inflammatory cytokines enhanced NGF production 
[10, 28]. Anti-NGF therapy might suppress inflamma-
tion, and then inhibit nerve sensitization.

There are some limitations of this study. First, we did 
not evaluate the histology of the sciatic nerve. although 
the relationship between ngF and cancer growth or 
metastasis has been investigated [26], the role of ngF 
in cancer growth remains unclear. in the present study, 
we investigated the efficacy of NGF inhibition for neu-
ropathic pain induced only by cancer. second, we did 
not evaluate side effects of anti-ngF therapy. Third, we 
did not investigate whether there was a dose–response 
effect of the anti-ngF antibody. Finally, we evaluated 
pain behavior in this study using only the catwalk sys-

tem, so we could not distinguish between pain-related 
behavior and sciatic nerve dysfunction without pain. 
Therefore, we also need to evaluate pain-related behav-
ior using another behavioral test such as the Von Frey 
test. Further study is needed to clarify these points.

in conclusion, application of murine sarcoma cells 
onto the sciatic nerve induced mechanical allodynia, an 
increase in CGRP and ATF-3 immunoreactivity in DRGs, 
and activation of microglia in the spinal dorsal horn that 
could be suppressed by inhibiting NGF. These findings 
suggest that anti-ngF therapy might be valuable for 
treating neuropathic cancer pain.
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