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Abstract: The present study examined alterations of spinal ubiquitin C-terminal hydrolase L1 (UCHL1), ubiquitin ex-
pression and glial activation in the cancer-induced bone pain rats. Furthermore, whether inhibition of spinal UCHL1 
could alleviate cancer-induced bone pain was observed. The CIBP model was established by intrathecal Walker 
256 mammary gland carcinoma cells in SD rats. The rats of CIBP developed significant pain facilitation in the Von 
Frey test. Double immunofluorescence analyses revealed that in the spines of CIBP rats, ubiquitin co-localized with 
NeuN, Iba-1 or GFAP; UCHL1 and NeuN were co-expressed and UCHL1 also co-localized with ubiquitin. The CIBP 
model induced up-regulation of ubiquitin and UCHL1 in the spines, as well as glial activation. Inhibition of spinal 
UCHL1 attenuated pain facilitation by down-regulation of ubiquitin expression and glial activation. in the CIBP rats. 
Our data suggests that UCHL1/ubiquitin distributed and increased in the spines of CIBP rats, that glial activation 
also increased in the CIBP model and that inhibition of spinal UCHL1 may be an effective method to alleviate cancer-
induced bone pain. 
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Introduction

Cancer-induced bone pain (CIBP) is a common 
problem in the cancer patients and the treat-
ments for CIBP are less effective with side 
effects [1]. Involvement of spinal glial activation 
in cancer-induced bone pain was proved and 
stimulations from tumor cells may induce the 
alteration of pain-related genes in spinal glial 
cells [1, 2]. An abnormal ubiquitin-proteasome 
pathway (UPP) may be one of the transcription 
factor-mediated epigenetic mechanisms under-
lying the nervous system diseases in the colloid 
cells [3]. Ubiquitin C-terminal hydrolase L1 
(UCHL1) is a de-ubiquitinating enzyme which 
maintains the level of mono-ubiquitin. In previ-
ous studies, UCHL1 was increased in neural 
and tumor tissues and plays important roles in 
the nervous system diseases. Spinal UCHL1 
and its mRNA level were robustly increased in 
different rat models of chronic pain, supporting 
the hypothesis that UPP is involved in nocicep-

tive processing [4]. Although the spinal UCHL1 
involved in chronic pain modulation, the precise 
mechanisms remains unclear. 

Previously, the UPP in the chronic pain diseases 
was mainly focused on neurons [3, 4]. However 
pain modulation of UPP in colloid cells was still 
unknown. Glial cells secret different kinds of 
cytokines and chemokines after noxious stimu-
lations in the chronic pain models. Therefore, 
colloid cells may interplay with disease-associ-
ated proteins and the UPP which may affect 
glial cells homeostasis and neuronal functions 
[3]. Therefore, the changes of UPP (involving 
ubiquitin-ligases or ubiquitin C-terminal hydro-
lase in neurons or colloid cells) in the nervous 
system diseases may be the new therapeutic 
targets for CIBP. 

Presently, it is speculated that UCHL1 increased 
in the spines of CIBP rats, and inhibition of 
UCHL1 exhibits antinociceptive effects in the 
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CIBP model. Thus, we asked 
the following questions: 1) 
Does UCHL1 or ubiquitin co-
localize with spinal glial cells 
and neurons in CIBP rats? 2) Is 
the glial cells activation and 
expression of spinal UCHL1/
ubiquitin affected by CIBP? 3) 
How does the inhibition of 
UCHL1 affect pain facilitation, 
ubiquitin expression and glial 
cells activation? 

Material and methods

Preparation of cells and ani-
mals

The Walker 256 rat mammary 
gland carcinoma cells (each rat 
received approximately 0.5 ml, 
2×107 cells/ml) were implanted 
into the right medullary cavity 
of the tibia in female Sprague 
Dawley rats (200-250 g) (tumor 
cell implantation, TCI). An equal 
volume of heat killed cells was 
injected into sham animals [5]. 
All experimental sequences 
were approved by the National 
Institutes of Health Guide for 
the Care and Use of Laboratory 
Animals and Scientific Investi- 
gation Board of Shandong Un- 
iversity, and the similar insti-
tutes of Xuzhou Medical Uni- 
versity.

Intrathecal catheterization and 
drug

Lumbosacral intrathecal cathe-
ters were constructed and im- 
planted by threading the cathe-

Figure 1. Spinal UCHL1 and ubiq-
uitin expression in the ipsilateral 
L4-5 spines of CIBP rats (Scale 
bar = 100 μm). A. Dual labeling 
indicates that UCHL1-IR cells co-lo-
calized NeuN, but not co-localized 
with Iba-1 or GFAP; B. Ubiquitin-IR 
cells co-localized NeuN, Iba-1 and 
GFAP. C. Double immunofluores-
cence demonstrated that UCHL1 
co-expressing with ubiquitin. CIBP: 
Cancer-induced bone pain group.
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ter caudally from the cisterna magna [6]. 
Indwelling catheter was utilized to inject chemi-
cals into the cerebrospinal fluid (CSF) encom-
passing the lumbosacral spinal segments. 
LDN-57444 (UCHL1 inhibitor, Sigma-Aldrich 
Company) was dissolved in DMSO. Dosages of 
drugs were selected according to the prelimi-
nary tests. 

Mechanical allodynia

As previously described [6], SD rats were indi-
vidually housed in the single cage (26×20×14 
cm3) with 5×5 mm2 wires mesh grid floor. The 
hind paw withdrawal threshold (PWT) was 
recorded to observe mechanical allodynia after 

accommodating for 30 minutes. A series of  
filaments (0.40, 0.60, 1.4, 2.0, 4.0, 6.0, 8.0, 
10.0 and 15.0 g) was utilized to perform these 
tests. We placed every von Frey hairs for about 
6-8 s. Each stimulus was used five times at 
30-s intervals. Furthermore, 50% PWTs were 
calculated according to the up-down method.

Western blotting analysis

The right L4-5 spinal segments were collected 
and prepared for analysis. The bands were 
incubated with the primary antibodies (rabbit 
anti-UCHL1 (1:1000) and rabbit anti-ubiquitin 
(1:500)) at 37°C for 2 hours, and then incubat-
ed with the secondary antibodies (goat anti-
rabbit IgG at 1:5000) at 37°C for 1 hour. The 
densities of the bands were quantified by Image 
J Software (version 1.45, NIH, USA). The aver-
age densities of three bands were calculated 
as protein expressions. All expressions of pro-
teins were evaluated relative to GAPDH ex- 
pression.

Immunohistochemistry

The frozen longitudinal slices (30 μm, L4-5 spi-
nal segments after post-thawing and dehydra-
tion) were prepared. After blocked with 10% 
donkey serum, the slices were incubated with 
the primary antibodies for 40 hours, and then 
incubated with the secondary antibodies for 2 
hours. The primary antibodies were anti-UCHL1 
(1:1000), anti-ubiquitin (1:50), NeuN (1:500), 
GFAP (1:500), or Iba-1 (1:400). The secondary 
antibodies were FITC-conjugated IgG (1:200) or 
tetraethyl rhodamine isothiocyanate (1:200). 
The slices were viewed under a Leica fluores-
cence microscope after mounting. The optical 
density of the immunoreactive staining was 
measured with the Leica Qwin 500 image anal-
ysis system (Germany). 

Statistical analysis 

Data were presented as the mean ± SEM. All 
data were collected blindly. The Tukey test in 
ANOVA and repeated measures ANOVA were 
utilized to detect statistical differences. P < 
0.05 was considered statistically significant.

Results

Double immunofluorescence of UCHL1 and 
ubiquitin 

Immunofluorescence analysis indicates that 
ubiquitin-IR cells co-localized with NeuN, Iba-1 

Figure 2. TCI-induced mechanical allodynia on the 
ipsilateral legs. Normal saline did not affect the paw 
withdrawal responses. **P < 0.01 vs. day 0 (mean ± 
SEM., n = 8). CIBP: Cancer-induced bone pain group.

Figure 3. LDN-57444 inhibited the mechanical al-
lodynia in the ipsilateral limbs following inoculation. 
LDN-57444 or DMSO was injected (i.t.) three con-
secutive days after inoculation (days 14-16) (mean ± 
SEM., n = 8). *P < 0.05, **P < 0.01, versus day 0. #P 
< 0.05 or ##P < 0.01, versus CIBP+DMSO (between 
the CIBP+DMSO rats and the CIBP+LDN-57444 rats). 
CIBP: Cancer-induced bone pain group.
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or GFAP; UCHL1-IR cells and NeuN were co-
expressed, but not co-localized with Iba-1  
or GFAP in the L4-5 spines of CIBP rats. Dou- 
ble immunofluorescence demonstrated that 
UCHL1 is co-expressing with ubiquitin in the 
L4-5 spines of CIBP rats (Figure 1). These 
results demonstrated that in the CIBP rats, 
UCHL1 was predominantly distributed in neu-
rons, while ubiquitin existed in cells including 
neurons, astrocytes and microglia.

TCI resulted in pain facilitation on the ipsilat-
eral side in cancer-induced bone pain rats

As illustrated in Figure 2, the rats developed 
lower PWTs in the Von Frey tests (P < 0.05), 
indicating the development of pain facilitation. 
The PWTs became more obvious on days 3-7 
and lasted for 21 days following implantation (P 
< 0.05). Sham animals did not show any 
remarkable changes in PWTs (P > 0.05) (Figure 
2). 

Inhibition of UCHL1 attenuated the establish-
ment of mechanical hypersensitivity induced 
by TCI

To observe whether inhibition of spinal UCHL1 
can produce analgesia in the CIBP model, injec-
tion of LDN-57444 (UCHL1 inhibitor) or DMSO 
was intrathecal for three consecutive days 
after implantation (days 14-16). Repeated 
injection of LDN-57444 (2 μg or 4 μg, i.t., 14-16 
days after implantation) significantly attenuat-
ed the establishment of TCI-induced low PWTs 
(P < 0.05). Repeated injection of LDN-57444 
did not affect the PWTs in the sham animals (P 
> 0.05) (Figure 3). These data suggested that 
inhibition of spinal UCHL1 might produce anal-
gesic effects during the period of CIBP.

UCHL1 and ubiquitin expression increased fol-
lowing TCI surgery

First, we demonstrated that the densities of 
UCHL1 and ubiquitin bands increased following 

Figure 4. The level of spinal UCHL1 and ubiquitin expression increased following inoculation (L4-L5 segments). **P 
< 0.01, versus the naive rats (n = 3).
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tumor cell implantation (P < 0.05). The time-
course of increased UCHL1 and ubiquitin 
expression closely corresponded with the 
development of pain facilitation after implanta-
tion (Figure 4). 

TCI-induced up-regulation of ubiquitin expres-
sion is antagonized by an intrathecal injection 
of LDN-57444

We found that repeated injection of UCHL1 
inhibitor would decrease ubiquitin expression 

in contrast to CIBP/DMSO rats (P < 0.05). LDN-
57444 did not affect spinal UCHL1 expression 
in CIBP rats (P > 0.05) (Figure 5). 

The mean density of Iba-1 or GFAP was 
increased significantly in the CIBP animals in 
contrast to that of control animals (P < 0.05). 
Pre-injection of DMSO did not affect the 
increased density of Iba-1 or GFAP (P > 0.05). 
However, LDN-57444 pre-injection (4 µg/d) 
attenuated the up-regulation of Iba-1 or GFAP 
following the tumor cells inoculation, indicating 

Figure 5. Up-regulation of ubiquitin expression were attenuated by an intrathecal injection of LDN-57444. UCHL1 
expression was not affected by LDN-57444. Rats received injections of LDN-57444 or DMSO from 14 to 16 days 
following inoculation. Rats were sacrificed for western blotting analysis on day 16 after injection of LDN-57444. 
**P < 0.01, versus the naive rats; ##P < 0.01, versus the CIBP+DMSO rats (between the CIBP+DMSO rats and the 
CIBP+LDN-57444 rats) (n = 3). CIBP: Cancer-induced bone pain group.
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inhibition of spinal glial cells (P 
< 0.05) (Figure 6).

Discussion

Our findings established as fol-
lows: (1) UCHL1/ubiquitin dis-
tributed in different kinds of 
cells in the spines of CIBP rats; 
(2) Spinal UCHL1/ubiquitin and 
glial activation increased after 
inoculation, which was corre-
sponded with the development 
of pain behavior; (3) Through 
inhibiting ubiquitin expression 
and glial activation in the 
spines of CIBP rats, inhibition 
of spinal UCHL1 by LDN-57444 
attenuated pain facilitation. 
Thus, demonstrating that spi-
nal UCHL1 and ubiquitin ex- 
pression were increased in the 
CIBP model and that the up-
regulation was attenuated with 
intrathecal injection of UCHL1 
inhibitor, our data extended the 
findings of previous experim- 
ents It is the first time to dem-
onstrate that spinal UCHL1/
ubiquitin and glial activation 
are involved in the antinocicep-
tive effects of LDN-57444 in 
CIBP rats. Previous studies 
have shown that LDN-57444 
inhibits UCHL1 hydrolase activ-
ity in vitro and in vivo [7]. We 
also found that the expression 
of UCHL1 did not change after 
intrathecal use of LDN-57444, 
while the expression of ubiqui-
tin decreased in spinal cords. 

However, how spinal UCHL1 
and ubiquitin contribute to pain 
modulation is still not clear. 
Previous studies have demon-
strated that UCH-L1 is involved 
in many pain-related pathways: 
(1) One recent study showed 
that UCH-L1 can be regulated 
by NF-κB. NF-κB increases the 
activity of UCH-L1 by binding to 
the 300 bp and 109 bp sites of 
the UCH-L1 promoter. Conse- 
quently, inflammatory stimula-

Figure 6. The UCHL1 inhibitor at-UCHL1 inhibitor at- at-at-
tenuated the microglia or astrocytes 
activation in the L4-5 segments af-
ter TCI (A: Iba-1, B: GFAP). (a) Sham 
group; (b) Sham+DMSO group; (c) 
Sham+LDN-57444 4 µg group; (d) 
CIBP group; (e) CIBP+DMSO group; 
(f) CIBP+LDN-57444 4 µg group. 
**P < 0.01 vs. the sham group; ##P 
< 0.01 vs. the CIBP+DMSO group. 
Scale bar = 100 μm. (mean ± SEM., 
n = 6). CIBP: Cancer-induced bone 
pain group.
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tions may increase the activity of UCH-L1 via 
activating NF-κB in cultured murine podocytes 
[8]. (2) Up-regulation of UCHL1 activity and 
mono-ubiquitin expression following NMDARs 
activation may affect the transmission of neu-
ronal information by maintaining the levels of 
mono-ubiquitin in hippocampus slices. LDN- 
57444 (one UCHL1 inhibitor) could lead to de-
phosphorylation of CREB (Ser133 site) and a 
subsequent increase in PSD-95/synapsin-1 [9]. 
(3) PKA is necessary in LTP. Corresponding to 
UCH or CREB, degradation of the PKA-R sub-
unit may induce facilitation in Aplysia [10]. 
Exogenous UCHL1 may also attenuate Aβ- 
induced changes in LTP and PKA/CREB and 
may restore synaptic function [10, 11]. 
LDN57444 inhibited 37% of UCHL1 activity and 
suppressed LTP in hippocampal slices [7]. (4) In 
many neurodegenerative diseases, protein 
degradation induced by UPP dysfunction is con-
sistent with an alteration in microglia, astro-
cytes and neurons. Inhibition of proteasome by 
epoxomicin or MG-132 can decrease neuronal 
cell viability and glial cell activity. It appears 
that UPP can affect the activation of microglia 
and astrocytes by degrading aberrant proteins 
and maintaining protein homeostasis. [3, 12]. 

Recent studies proved that extracellular ubiqui-
tin is an endogenous CXCR4 agonist, CXCR4 
activation with treatment of ubiquitin and SDF-
1α may lead to similar Gαi-responses and a 
comparable magnitude of phosphorylation of 
ERK-1/2, p90 ribosomal S6 kinase-l and Akt, 
although phosphorylation induced by treat-
ment of ubiquitin occur more transiently [13]. 
CXCR4 activation with treatment of ubiquitin 
and SDF-1α induces microglial migration and 
activation [14]. This activation, if occurred in 
the spinal cord, would in turn lead to pain facili-
tations [2]. 

It is demonstrated that activations of spinal glia 
could intensify the allodynia in cancer-induced 
bone pain. Spinal glia becomes activated after 
tumor cell inoculation, which was correspond-
ing with the development of pain facilitation in 
the CIBP rats [1]. Previous studies showed that, 
UCHL1 was mainly expressed in neurons in the 
pain models [3, 4]. Our data firstly prove that 
ubiquitin co-localize with NeuN, Iba-1 or GFAP 
in the spines of CIBP rats, while UCHL1 just co-
localize with NeuN. Therefore, we speculate 
that neuron activation may increase the activity 

of UCHL1 which up-regulates ubiquitin expres-
sion in response to tumor cell inoculation. 
Ubiquitin and CXCR4 may lead to activation of 
glial cells. It has been reported that activated 
microglia or astrocytes can release varieties of 
neuro- and glial-excitatory substances (differ-
ent kinds of cytokine and chemokine, et al.) [2], 
which may lead to the development of pain 
facilitation. This may explain why inhibition of 
spinal UCHL1 can attenuate the pain facilita-
tion or glial activation after tumor cells ino- 
culation. 

In conclusion, in the spines of CIBP rats, 
UCHL1/ubiquitin distributed in different kinds 
cells. Spinal UCHL1/ubiquitin and glial activa-
tion increased in the CIBP models. Inhibition of 
spinal UCHL1 may be an effective approach to 
alleviate CIBP by inhibiting ubiquitin expression 
and glial activation. 
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