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Bone cancer pain treatment remains a major clinical challenge, and the mechanism underlying bone cancer pain 
remains insufficiently understood. The purpose of the current study was to evaluate the efficacy of etanercept, 
a TNF-� inhibitor, against bone cancer pain in an established bone cancer pain model. The mechanical pain 
threshold value was tested, and the expression of inflammatory factors, NOS, MrgC and NR2B were assessed. 
The results showed that etanercept decreases the mechanical pain threshold value and inhibits expression of 
inflammatory factors, NOS, MrgC and NR2B. Etanercept may moderate bone cancer pain via the MrgC-NR2B 
signaling pathway.

1.  Introduction
Chronic pain caused by bone cancer is a big problem in clinical 
treatment and seriously affects the patients’ life quality (Xu et al. 
2016b; Zhao et al. 2016). Research about bone cancer pain has 
achieve great progress, while effective therapies for treating bone 
cancer are lacking (Fuseya et al. 2016).
A mouse model of bone cancer pain was used to investigate the role 
of QX-314 in bone cancer pain relief, and the results showed that 
systemic administration of QX-314 inhibits some bone cancer pain 
through selective inhibition of TRPV1-expressing afferents in rats 
(Sun et al. 2016a). Moreover, Sun et al. (2016c) have investigated the 
effects of Mas oncogene-related gene (Mrg) C receptors (MrgC) on the 
expression and activation of N-methyl-D-aspartate receptor subunit 2B 
(NR2B), and neuronal nitric oxide synthase (nNOS) in a mouse model 
of bone cancer  pain. They demonstrated that the MrgC-activated 
spinal Gi-NR2B-nNOS signaling pathway plays an important role in 
the development of bone cancer pain (Sun et al. 2016c). Additionally, 
BAM8-22 attenuated bone cancer pain in mice dose dependently, and 
anti-MrgC antibody reversed the effects of BAM8-22(Li and Zhang 
2015). So far, the complete understanding of bone cancer pain is far 
from sufficient, while many pathophysiological components including 
tumor-stimulated osteolysis, nerve compression, stimulations of ion 
channels, and locally generated inflammatory cytokines have been 
suggested (Lu et al. 2015; Wang et al. 2015; Xu et al. 2016a). In 
particular, it has been shown that inflammation reactions are necessary 
for the development of bone cancer pain, as the expression of IL-1β, 
IL-6, IL-18, and TNF-α persistently participated in the progression of 
bone cancer pain (Kotak et al. 2015; Mao-Ying et al. 2012).
Etanercept is a clinical drug approved for the treatment of rheu-
matoid joints and ankylosing spondylitis, which is confirmed a 
competitive inhibitor of TNF-α, a polypeptide hormone involved in 
the development of the immune system, in host defense and immune 
surveillance (Ohtori et al. 2015; Senel et al. 2011). Moreover, direct 
injection of etanercept has also been proved to relieve osteoarthritic 
(OA) pain in animal and clinical studies (Sun et al. 2016b).
In this experiment, we investigated the role and underlying mechanism 
of etanercept in bone cancer pain. We firstly constructed a chronic pain 
model in mice, and then explored the effect of etanercept on pain relief 
and the related mechanism. The results have confirmed that etanercept 
can notably decrease the mechanical pain threshold and inflammatory 
factors. Moreover, we detected the expression of NOS and proved 
etanercept to inhibit iNOS and NNOS. Finally, etanercept moderates 
bone cancer pain through the MrgC-NR2B pathway.

All of our efforts will provide a theoretical basis and new insights 
into the treatment of bone cancer pain.

2.  Investigations, results and discussion

2.1.  Etanercept decreases mechanical pain threshold
Firstly, we measured the pain threshold value of each animal 
group. According to the results, the pain threshold increased in the 
bone cancer mice group, while its mechanical pain threshold value 
has fallen significantly (p<0.5) after etanercept treatment (Fig. 1).

2.2.  Etanercept inhibits expression of proinfl ammatory 
factors

Next, kinds of cytokine secretion levels in animal tissues were 
tested. The results shown in Fig. 2 confirm that proinflamma-
tory factors, including the TNF-α, IL-1β, and IL-6 levels were 
increased, while etanercept treatment notably inhibited the expres-
sion levels (p<0.05). The results tell that etanercept can inhibit the 
local inflammatory response.

2.3.  Etanercept inhibits MrgC and NR2B expression
Previous studies have shown that the MrgC-NR2B pathway plays 
a key role in bone cancer pain, so we tested the related protein 
expression in both mRNA and protein levels. The results shown in 
Fig. 3 tell that etanercept significantly inhibited the expression of 
MrgC and NR2B(p<0.05). So we believe that etanercept may play 
an important role in bone cancer pain relief.

2.4.  Etanercept decreases NOS expression
Chronic pain and related inflammatory response can be regulated by 
NOS enzyme activity and expression. In this part of work, RT-PCR 
was used to detect NOS expression. The results are shown in Fig. 
4. Expression of INOS and nNOS was increased in the pain model 
mice, while the expression levels of INOS and nNOS fell significantly 
compared with the model group after etanercept treatment (p<0.05).

3.  Discussion
Bone cancer pain is usually progressive and treatment remains a 
major clinical challenge, while the cellular and molecular mecha-
nisms underlying bone cancer pain remain elusive (Ke et al. 2013; 
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Yuan et al. 2013). Multiple factors are involved in the mechanism of 
bone cancer pain, and many therapies and treatments were proposed 
(Liu et al. 2013a; Song et al. 2016; Zhao et al. 2013). Particularly, 
bone cancer pain shares features of inflammatory and neuropathic 
pain, and much research is focused on inflammation related mecha-
nisms (Hu et al. 2012; Zhang et al. 2015). In a study of the role 
of L-THP in rats with bone cancer pain, L-THP was regarded as 
clinically useful, and this may be related to an inhibition of TNF-α 
and IL-18 (Fei et al. 2015). Moreover, a study has confirmed spinal 
expression of CCR2, NR2B, and nNOS significant upregulation 
of nNOS in bone cancer pain rats (Yang et al. 2016). Additionally, 
spinal nitric oxide is involved in the mechanisms of pain generation 
and transmission during inflammatory and neuropathic pain, and it 
was found that an upregulation of nNOS and iNOS in the spinal 
cord is closely associated with bone cancer pain (Sainoh et al. 2016).
As a tumor necrosis factor (TNF)-α inhibitor, etanercept is able to 
alleviate intractable discogenic low back pain (LBP) (Totoson et al. 
2016). The compound also significantly increased NOS activity and 
decreased COX-2/arginase activities. Due to its effects on these inflam-
matory symptoms, etanercept was conceived a good choice for patients 
with rheumatoid arthritis (Bae et al. 2016). Furthermore, after injection 
in a rat model of acute ischemia, etanercept significantly suppressed 
optic nerve injury and the study suggests that etanercept might be a 
novel treatment agent for TNF-α-related diseases (Zhou et al. 2016).
However, the involvement of etanercept and the pertinent signaling 
is not determined yet in the model of bone cancer pain. In view 

Fibrosarcoma NCTC 2472 cells (2087787; American Type Culture Collection, ATCC, 
Manassas, VA, USA) were cultured with the NCTC 135 medium (Sigma-Aldrich, St. 
Louis, MO, USA) with 10% horse serum (Gibco, Grand Island, NY, USA) in a 5% 
CO

2
, 37 °C incubator.

A bone cancer pain model was established as follows. Firstly, we used 50 mg/kg pento-
barbital sodium (1% in saline) to anesthetize the cultured mice with the intraperitoneal 
injection, and then, the skin overlying the right articulatio genu was given a superficial 
incision. Gonarthrotomy was performed to expose the femur condyles, which were 
then subjected to light depression caused by dental bur. Cortex were perforated with 
a 30-gauge needle. 20 μL α-MEM containing 2×105 NCTC 2472 cells were injected 
into the intramedullary space of the right femur for the mice in the model group. The 
injection hole was sealed with dental amalgam, and copious irrigation was implemented 
with saline before the wound was finally closed. Infection was prevented by operating 
under sterile conditions and with sterile equipment (Zhou et al. 2015).

4.2.  Mechanical sensitivity measurement
Mechanical allodynia was assessed using von Frey filaments (Stoeltingcompany, 
USA) by researchers who were blinded to group assignment. The ipsilateral hind paw 
was pressed with one of a series of von Frey filaments with gradually increasing 
stiffness (2, 4, 6, 8, 10, 15 and 20 g) applied to the plantar surface for 5-6 s for each 
filament, and the interval between trials was ≥5 min. When the animal fastly lifted the 
hind paw, we recorded it positive paw withdrawal response. For each trial, the same 
hind limb was stimulated 10 times by a single von Frey filament prior to stimulation 
by the next larger filament. The minimal value that resulted in ≥6 responses to 10 
stimulations was recorded (Chakravarthy et al. 2014).

4.3.  Cytokine analysis
Firstly, the ankle tissues were excised after euthanasia and flash frozen in liquid 
nitrogen. Then, the tissue was pulverized and treated in a mixture of cell extrac-
tion solution, phosphatase and protease inhibitors. The tissue the supernatant was 

Fig. 1:  Effects of etanercept on mechanical pain threshold. The mechanical pain thresh-
old value was meausured before and after etanercept treatment. Error bars indicate 
mean±SD and * indicates significant difference compared with control group.

Fig. 2:  Effects of etanercept on inflammatory response. The proinflammatory factors of TNF-α, IL-1β, and IL-6 levels were increased by Etanercept. Error bars indicate mean±SD 
and * indicates significant difference compared with control group. TNF-α: tumor necrosis factor. IL-1β: Interleukin-1β.

of this, we determined study the effect of etanercept on bone 
cancer pain. We firstly established a chronic pain model in mice, 
and then explored the effects of etanercept on the mechanical pain 
threshold. The results have confirmed that etanercept can notably 
decrease the mechanical pain threshold. Moreover, we detected the 
expression of NOS and inflammatory factors. TNF-α, IL-6, and 
IL-1, the results proved etanercept to inhibit iNOS, NNOS and 
the inflammatory factors. Finally, by monitoring the expression of 
MrgC and NR2B expression, we came to the conclusion that etan-
ercept moderates bone cancer pain through MrgC-NR2B pathway.
In conclusion, we found a high expression of inflammatory cyto-
kines from the animal model of bone cancer for the first time and 
proved etanercept to moderate animal pain via the MrgC-NR2B 
pathway. These results suggest that etanercept could be a good 
choice for patients with bone cancer pain. 

4.  Experimental

4.1.  Animal model
Adult male C3H/HeJ mice, 4–6 weeks old, 18–22 g, were purchased from the Vital 
River Experimental Animal Center, Beijing, China. These animals were exposed with 
free access to food and water, under a 12/12-h light/dark cycle, at 24 °C, and none of 
them die unexpectedly before the experimental endpoint.
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homogenized or processed for cytokine expression, using Milliplex MAP 27-plex rat 
cytokine/chemokine magnetic bead panel (EMD Millipore, Billerica, MA, USA) on 
a LuminexFlexMAP 3D instrument (Luminex, Austin, TX, USA) (Sun et al. 2016b).

4.4.  Western blotting
Tissue samples were homogenized with lysis buffer, and centrifuged at 13,000 rpm, 
4 °C for 10 min. Protein concentration was determined with the BCA kit (Thermo 
Fisher Scientific Life Science Research, Shanghai, China). Protein sample was sepa-
rated on SDS-PAGE, and then transferred onto a polyvinylidene difluoride membrane 
(Millipore, Billerica, MA, USA). The membrane was blocked with 5% non-fat milk at 
room temperature for 1 h, and then respectively incubated with rabbit anti-mouse anti-
MrgC polyclonal antibody (1:500 dilution; orb101320; Biorbyt), mouse anti-mouse 
anti-NR2B monoclonal antibody (1:1000 dilution; ab93610; Abcam, Cambridge, MA, 
USA), and rabbit anti-mouse anti-Gi polyclonal antibody (1:500 dilution; ab140333; 

Abcam). The membrane was washed and incubated with goat anti-rabbit IgG (1:5,000 
dilution; ab6721; Abcam) or goat anti-mouse IgG (1:5,000 dilution; ab6789; Abcam). 
Protein band was visualized by ECL method (Santa Cruz, Santa Cruz, CA, USA), and 
protein quantification was performed with the IPLab software (Scanalytics, Fairfax, 
VA, USA). β-actin was used as reference control (Yang et al. 2016).

4.5.  RT-PCR
Total RNA was isolated and purified using TRIzol (Invitrogen; Thermo Fisher Scientific, 
Inc.) following the manufacturer’s instructions. RT was performed using a Moloney 
murine leukemia virus reverse transcriptase kit (Promega Corp., Madison, WI, USA). The 
generated cDNA was then used as a template for PCR amplification with Taq DNA poly-
merase and ROX reference dye provided by the SYBR Premix Ex Taq kit (DRR041A; 
Takara, Dalian, China) using StepOnePlus RT-PCR system (Applied Biosystems; Thermo 
Fisher Scientific, Inc.). β-actin, nNOS and iNOS were amplified using specific oligonucle-

Fig. 3:  Etanercept moderates bone cancer pain. The bond cancer pain related protein of MrgC and NR2B were monitored in both mRNA and protein levels. Error bars indicate 
mean±SD and * indicates significant difference compared with control group.

Fig. 4:  Effects of etanercept on NOS. RT-PCR was used to test the nNOS and iNOS expression. Error bars indicate mean±SD and * indicates significant difference compared 
with control group.
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otide primers to the Table. β-Actin was used as internal standard. PCR amplification was 
performed using the following thermocycling conditions: 94 °C for 5 min, followed by 35 
cycles of 94 °C for 30 s, 66 °C (or 62 °C for iNOS and β-actin) for 30 s and 72 °C for 30 
s, and a final elongation at 72 °C for 10 min. The relative expression was calculated using 
the ΔΔCq method and optimized with a standard curve to confirm specificity. Each sample 
(5 μl) was electrophoresed on 2% agarose gel (Biowest, Nuaillé, France) with ethidium 
bromide (Biomatik Corporation, Cambridge, ON, Canada) and the intensity of each band 
was analyzed using a gel imaging analytical system (UVP GDS 8000; UVP, Upland, 
CA, USA). The sample without reverse transcriptase was used as a negative control and 
showed no detectable band (Liu et al. 2013b).

4.6.  Statistical analysis
The numerical values are expressed as the mean±SEM. Analysis of variance with the 
Bonferroni post hoc test was used to compare the values of the experimental groups. 
IBM SPSS Statistics software, version 21.0 (IBM Corp, Armonk, NY, http://www-01.
ibm.com/software/analytics/spss/) was used for the statistical calculations. A statis-
tical significance was defined when p<0.05.
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