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INTRODUCTION  
 

Decreased bone mineral metabolic activity was an 

essential aging associated characteristic. Along with 

increased age, the incidence of bone related infectious 

diseases has gradually increased. Infectious bone 

diseases including osteomyelitis, orthopaedic implant-

associated infection and other severe inflammatory 

osteolysis destroyed dynamic bone matrix 

homeostasis (regulated by osteoclast-mediated bone 

resorption and osteoblast-mediated bone formation) 

[1ï3]. In many clinical bone infection trials, 

effi cacious means of treating these diseases were 

limited and mainly included surgical debridement, 
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ABSTRACT 
 

Inflammatory osteolysis is a common osteolytic specificity that occurs during infectious orthopaedic surgery 
and is characterized by an imbalance in bone homeostasis due to excessive osteoclast bone resorption activity. 
Epothilone B (Epo B) induced -htubulin polymerization and enhanced microtubule stability, which also played 
an essential role in anti-inflammatory effect on the regulation of many diseases. However, its effects on 
skeletal system have rarely been investigated. Our study demonstrated that Epo B inhibited osteoclastogenesis 
in vitro and prevented inflammatory osteolysis in vivo. Further analysis showed that Epo B also markedly 
induced mature osteoclasts apoptosis during osteoclastogenesis. Mechanistically, Epo B directly suppressed 
osteoclastogenesis by the inhibitory regulation of the phosphorylation and activation of PI3K/Akt/STAT3 
signaling directly, and the suppressive regulation of the CD9/gp130/STAT3 signaling pathway indirectly. The 
negative regulatory effect on STAT3 signaling further restrained the translocation of NF-ˁ. p65 and NFATc1 
from the cytosol to the nuclei during RANKL stimulation. Additionally, the expression of osteoclast specific 
genes was also significantly attenuated during osteoclast fusion and differentiation. Taken together, these 
findings illustrated that Epo B protected against LPS-induced bone destruction through inhibiting 
osteoclastogenesis via regulating the STAT3 dependent signaling pathway. 
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antibiotics, and nonsurgical mechanical treatment [4]. 

As a result, developing an efficient way to ameliorate 

excessive osteoclast mediated bone erosion has 

attracted more attention.  

 

Osteoclasts were derived from haematopoietic stem cells 

(HSCs), which were differentiated by macrophage colony 

stimulating factor (M-CSF) and receptor activator of NF-

əB ligand (RANKL) [5]. The binding of RANKL to 

RANK triggered the activation of nuclear factor-kappa B 

(NF-əB), mitogen-activated protein kinases (MAPKs), 

signal transducer and activator of transcription 3 (STAT3) 

and other classical signaling pathways to induce 

osteoclastogenesis [6]. c-Fos (a component of activator 

protein-1) acted as an essential transcription factor that 

initialed the expression of the nuclear factor of activated 

T-cells cytoplasmic1 (NFATc1) during osteoclast 

differentiation, proliferation and maturation [7]. 

Therefore, the osteoclastic specific marker genes such as 

cathepsin K (CTSK) and tartrate-resistant acid 

phosphatase (TRAP) were also up-regulated. In addition, 

monocyte/macrophage lineage cell-cell fusion was 

another unique process in osteoclastogenesis. During this 

process, CD9 played an essential role in regulating 

membrane fusion and the formation of multinucleated 

cells. In several inflammatory osteolysis diseases, 

excessive osteoclast fusion and bone resorption activity 

were also considered as significant elements to result in 

bone loss.  

 

Lipopolysaccharide (LPS) was an important component 

of the outer membrane of gram-negative bacteria that 

contributed to the production and release of many pro-

inflammatory cytokines to initiate inþammation [8]. 

During many studies on bone infection, LPS was reported 

to be the most vital regulator in inflammatory osteolysis 

[9]. Many experiments have also shown that LPS could 

enhance osteoclast differentiation mainly by increasing 

the expression of RANKL, which was highly dependent 

on the phosphorylation and nuclear translocation of  

NF-əB p65 [9]. Subsequently, the phosphorylation  

of STAT3 through direct (PI3K/Akt) or indirect 

(CD9/gp130/STAT3) pathways was also activated by 

stimulation with LPS alone [10]. The NF-əB and STAT3 

signaling pathways have been shown to play essential 

roles in the osteoclast fusion, differentiation and bone 

resorption [11]. STAT3 signaling pathway was regulated 

by the activation of PI3K-Akt in cell proliferation and  

cell differentiation [12]. A recent study reported that  

LPS induced osteoclastogenesis via the activation of  

NF-əB-NFATc1 and STAT3 signaling pathways, which 

were significantly blocked by treatment with diallyl 

disulfide [13]. 

 

Epothilone B (Epo B) was an antineoplastic agent that 

was known to induce Ŭ-tubulin polymerization and 

enhance microtubule stability [14]. Administration of Epo 

B has been widely investigated for its neuroprotective 

effects via anti-inflammatory activity and inhibitory effect 

on fibrotic scarring after spinal cord injury by increasing 

fibroblasts apoptosis [15]. In particular, Epo B also 

showed protective effect in Parkinsonôs disease through 

mediating microglial polarization via down-regulating 

the inflammatory stimulation [16]. However, the effects 

of Epo B on bone lytic diseases and osteoclast activity 

have not been reported. 

 

Our study detected the inhibitory effects of Epo B on 

RANKL or LPS-induced osteoclastogenesis in vitro and 

the protective effects against LPS induced inflammatory 

femur osteolysis in vivo. Mechanistically, Epo B 

suppressed osteoclastogenesis by mediating direct or 

indirect STAT3 signaling to regulate the NF-əB 

signaling pathway. Additionally, the release of pro-

inflammatory cytokines (IL-6, IL-1ɓ and TNF-Ŭ) and 

the production of nitric oxide were significantly 

restrained. These suggested that Epo B administration 

acted as an effective strategy to treat inþammation-

induced osteolysis due to its anti-inflammatory activity. 

 

RESULTS 
 

The cell viability, cell apoptosis rate and cell cycle 

were evaluated after treating with Epo B 
 

The chemical formula of Epo B was shown in Figure 

1A. We first evaluated the cytotoxicity of Epo B on 

RAW264.7 cells for 24 h and 72 h, and found that Epo 

B at a low dose (< 10µM) had no cytotoxicity (Figure 

1B, 1C). As many papers have noted that LPS at less 

than 100 ng/ml made no cytotoxicity [17]. Thus, 100 

ng/ml LPS was chosen for further investigation. 

Additionally, although Epo B promoted Ŭ-tubulin 

polymerization and microtubule stability, low and high 

doses of Epo B did not make an apparent effect in 

regulating cell arrest at the G1 phase without 

cytotoxicity, which illustrated that the cell cycle of 

osteoclasts was not significantly influenced by Epo B 

(Figure 1Fï1G). Since Epo B showed no significant 

difference in cytotoxicity analysis and cell cycle, we 

further detected the cell apoptosis at the same 

concentration of Epo B during osteoclastogenesis.  

Epo B at concentrations of 5 µM and 10 µM induced 

mature osteoclast apoptosis during osteoclastogenesis 

which was reflected by the increased apoptosis rate 

(Figure 1D, 1E).  

 

Epo B suppressed RANKL and LPS induced 

osteoclast differentiation 
 

To detect the effect of Epo B on RANKL and LPS 

induced osteoclast differentiation, osteoclast specific 
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TRAP staining was performed. Based on the 

cytotoxicity analysis of Epo B, 5 µM and 10 µM of 

Epo B were chosen to perform this staining. TRAP-

positive (red) cells with more than three nuclei were 

counted as osteoclasts. Quantitative analysis of the 

results revealed that treatment with RANKL alone 

could dramatically promote osteoclastogenesis 

(Figure 2Bï2E). Interestingly, RANKL-stimulated 

activation of osteoclastogenesis was dramatically 

reversed in the presence of 5 µM Epo B. After 

treatment with Epo B at 10 µM, mature osteoclasts 

with more than three nuclei were not found. 

Coincidently, LPS has been reported many times to 

play an essential role in inducing osteoclast 

differentiation. Treatment with LPS (100 ng/ml) alone 

for 72 h could not induce the mature osteoclasts. 

However, pre-treatment with RANKL (100 ng/ml) 

and M-CSF (50 ng/ml) for 24 h and then treatment 

with LPS for another 48h resulted in the activated 

multinucleated mature osteoclasts. When Epo B was 

added to the incubation system, osteoclast 

differentiation and TRAP activity were also 

dramatically abrogated (Figure 2B). In accordance, 

changes in mature osteoclast differentiation specific 

genes at the mRNA level were also detected. c-Fos, 

NFATc1, TRAP, DC-STAMP, ATP6V0d2 and OSCAR 

were significantly suppressed by Epo B treatment 

during RANKL and LPS induced osteoclastogenesis, 

which were consistent with the TRAP staining results 

(Figure 4D). Moreover, Epo B also regulated the 

expression of genes in the early stage of osteoclast 

differentiation from monocytes to preosteoclasts such 

as CD9, mitf, c-Fos and NFATc1 (Figure 4E). 

 

Epo B attenuated F-actin ring formation and bone 

resorption activity of mature osteoclasts 
 

To further detect the effect of Epo B on F-actin ring 

formation, we performed actin cytoskeleton and focal 

adhesion (FAK) staining to visualize the formation of 

 

 
 

Figure 1. Epothilone B dominantly induced osteoclast apoptosis without cytotoxicity. (A) Chemical structure of Epothilone B. 
(BςC) //Yу ŀƴŀƭȅǎƛǎ ƻŦ ŎŜƭƭ Ǿƛŀōƛƭƛǘȅ ƻŦ w!²нспΦт ŎŜƭƭǎ ǘǊŜŀǘŜŘ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ 9ǇƻǘƘƛƭƻƴŜ . όл˃a ǘƻ мр˃a Ŏƻƴǘŀƛƴƛng 0.1% 
DMSO) for 24 h or 72 h. (DςE) Flow cytometry analysis of osteoclast apoptosis during osteoclastogenesis in presence or absence of various 
ŘƻǎŀƎŜ ƻŦ 9ǇƻǘƘƛƭƻƴŜ . όл˃aΣ р˃a ŀƴŘ мл˃aύΦ όFςG) Flow cytometry analysis of cell cycle during osteoclast differentiation by administration 
ǿƛǘƘ ƻǊ ǿƛǘƘƻǳǘ 9ǇƻǘƘƛƭƻƴŜ . όр˃a ŀƴŘ мл˃aύΦ 5ŀǘŀ ƛƴ ǘƘŜ ŦƛƎǳǊŜǎ ǊŜǇǊŜǎŜƴǘ ƳŜŀƴ ҕ {5Φ bΦ{Φ ǊŜǇǊŜǎŜƴǘŜd no significant difference. *p < 0.05, 
**p < 0.01, ***p < 0.001 based on one way ANOVA. 
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Figure 2. Epothilone B inhibited RANKL or LPS induced osteoclast differentiation and bone resorption activity in a dose 
dependent manner. (A) Schematic representation of the design of in vitro and in vivo experiments. (B) Representative images of 
RAW264.7 cells stained for TRAP treated with RANKL (100 ng/ml) and M-CSF (50 ng/ml) for 3 days or pretreatment with RANKL for 24h and 
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LPS for another 48h. BMMs were incubated with RANKL (100 ng/ml) and M-CSF (50 ng/ml) for 5 days. All groups were incubated in the 
ǇǊŜǎŜƴŎŜ ƻǊ ŀōǎŜƴŎŜ 9ǇƻǘƘƛƭƻƴŜ .Φ {ŎŀƭŜ ōŀǊ Ґ нлл ˃ƳΦ (CςE) Quantification of TRAP positive multinucleated ƻǎǘŜƻŎƭŀǎǘǎ όƴǳŎƭŜƛҗоύ ǇŜǊ well. 
(F) Representative images of RAW264.7 cells and BMMs were seeded onto bovine slices, which were also incubated with the same strategies. 
{ŎŀƭŜ ōŀǊ Ґ нлл ˃ƳΦ (GςI) Quantitative analysis of the osteoclastic bone resorption of bovine slices. Data in the figures represent mean ± SD. 
*p < 0.05, **p < 0.01, ***p < 0.001 based on one way ANOVA. 
 

the F-actin ring and cytoskeleton, respectively. The 

results showed that F-actin ring formation was 

dramatically inhibited in the presence of Epo B, which 

was consistent with TRAP staining results (Figure 3). 

Additionally, the average number of nuclei in mature 

osteoclasts was significantly decreased by Epo B 

treatment (Figure 3). These results indicated that 

osteoclast fusion was inhibited by Epo B administration. 

 

Because the differentiation and fusion of osteoclasts 

were suppressed, bone resorption activity was also 

investigated to confirm whether the bone resorption 

activity of osteoclasts was influenced by Epo B. 

RAW264.7 cells and BMMs were seeded onto bovine 

bone slices according to the group settings. After 

incubation for 5 days, the cells were removed and the 

resorption area was quantified by using Image J 

software. Interestingly, the results showed that the 

erosion area was smaller in the Epo B-treated group 

than in the groups that were not treated with Epo B, 

which demonstrated that Epo B also strongly inhibited 

osteoclast bone resorption activity (Figure 2Fï2I). 

 

Epo B restrained the release of pro-inflammatory 

cytokines and the production of nitric oxide 
 

Due to the anti-inflammatory effect of Epo B, the 

release of pro-inflammatory cytokines was also detected 

by using qRT-PCR. RAW264.7 cells were pre-treated 

with RANKL and M-CSF for 24 h and then stimulated 

with LPS. Treatment with LPS strongly promoted the 

release of pro-inflammatory cytokines and nitric oxide 

in the cytoplasm. Administration of Epo B dramatically 

reversed this promoted effect. Quantitative analysis 

showed that the mRNA levels of IL-6, IL-1ɓ and TNF-Ŭ 

were also suppressed after treatment with Epo B 

 

 
 

Figure 3. Epothilone B made an inhibitory effect on osteoclast fusion significantly. (A) Representative images of FAK staining of 
RAW264.7 cells induced by RANKL or LPS with or without Epothilone B treatment. Scale bar=200ɛm. (BςC) Quantitative analysis of 
multinucleated osteoclasts (nucleiÓ3) and average the number of multinucleated osteoclasts. (D) Representative images of FAK staining of 
BMMs induced by RANKL in the presence or absence of various concentrations of Epothilone B. Scale bar=200ɛm. (EςF) Quantitative 
analysis of multinucleated osteoclasts (nucleiÓ3) and average the number of multinucleated osteoclasts. Data in the figures represent mean  
± SD. *p < 0.05, **p < 0.01, ***p < 0.001 based on one way ANOVA. 
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compared to those of the positive control group (Figure 

5E). We also tested the concentration of NO in the cell 

culture supernatant during LPS-induced osteoclast 

differentiation. Epo B treatment evidently decreased 

NO production compared with that of the control group 

(Figure 5F). Interestingly, Epo B inhibited the 

expression of inducible nitric oxide synthase (iNOS) at 

the mRNA level, which was consistent with suppressive 

effect of NO production after administration of Epo B 

(Figure 5G). Overall, Epo B played an inhibitory role in 

the release of pro-inflammatory cytokines and the 

production of NO. 
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Figure 4. Epothilone B suppressed NFATc1 nuclear translocation and the expression of marker genes during 
osteoclastogenesis. (A) Representative images of immunofluorescence staining of the nuclear translocation of NFATc1 in the absence of 
presence of Epothilone B. {ŎŀƭŜ ōŀǊ Ґ улл ˃ƳΦ (B) Quantitative analysis of the percentage of positive cells (NFATc1 translocation from cytosol 
to nuclear) in all cells. (C) Quantitative analysis of the mean intensity of NFATc1 in the cells nuclear. (D) Relative expression of marker genes in 
the procedure of osteoclastogenesis from monocytes to mature osteoclasts on mRNA level. (E) Relative expression of marker genes in the 
early stage of osteoclastogenesis on mRNA level. (F) Relative expression of marker genes in the procedure of RANKL or LPS induced 
osteoclastogenesis on protein level. (G) Quantification of CTSK, MMP9, c-CƻǎΣ bC!¢Ŏм ŀƴŘ /5ф ǊŜƭŀǘƛǾŜ ǘƻ ʲ-actin. Data in the figures 
represent mean ± SD. N.S. represented no significant difference. *p < 0.05, **p < 0.01, ***p < 0.001 based on one way ANOVA. 
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Figure 5. Epothilone B restrained NF-ƬB signaling pathway and inhibited the release of pro-inflammatory cytokines and nitric 
oxide. (A) Representative images of immunofluorescence staining of the nuclear translocation of NF-ƬB p65 in the absence of presence of 
Epothilone B. {ŎŀƭŜ ōŀǊ Ґ плл ˃ƳΦ (B) Quantitative analysis of the percentage of positive cells (NF-ƬB p65 translocation from cytosol to 
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nuclear) in all cells. (C) Quantitative analysis of the mean intensity of NF-ƬB p65 in the cells nuclear. (D) RAW264.7 cells were stimulated with 
RANKL with or without 9ǇƻǘƘƛƭƻƴŜ . όу˃aύ for the 0-60 minutes. The cell lysates were analyzed using western blotting for p-NFˁ B p65, NFˁB 
p65, p-I Bˁh  and I Bˁh . Quantification protein expression of p-bCˁ. Ǉср ǊŜƭŀǘƛǾŜ ǘƻ bCˁ. Ǉср ŀƴŘ Ǉ-Lˁ.ʰ ǊŜƭŀǘƛǾŜ ǘƻ Lˁ.ʰΦ (E) Relative 
expression of pro-inflammatory cytokines (TNF- ,h IL-1 ,̡ IL-6) during LPS induced osteoclast differentiation on mRNA level. (F) The 
concentration of NO was detected in the process of LPS-induced osteoclastogenesis. (G) Relative expression of iNOS (inducible nitric oxide 
synthetase) during LPS induced osteoclastogenesis on mRNA level. Data in the figures represent mean ± SD. N.S. represented no significant 
difference. *p < 0.05, **p < 0.01, ***p < 0.001 based on one way ANOVA. 
 

Suppression of NF-əB signaling pathway attenuated 

the activated expression of NFATc1  
 

Due to the excellent anti-osteoclastic effect of Epo B 

during osteoclastogenesis, the potential mechanism was 

detected. RANKL stimulated NF-əB signaling pathway 

was an essential step in osteoclast differentiation. After 

stimulating RAW264.7 cells with RANKL could 

significantly enhance NF-əB p65 activity, the 

phosphorylation of NF-əB p65, the phosphorylation and 

degradation of IəB when treated for 60 min (Figure 

5D). However, these effects were significantly reversed 

after co-culturing with Epo B. To determine whether the 

nuclear translocation of NF-əB p65 was influenced by 

Epo B, immunofluorescence analysis was performed. 

Treatment with only RANKL dramatically enhanced 

the nuclear translocation of NF-əB p65. In addition, the 

mean intensity of NF-əB p65 in the nuclei and the 

number of cells with positive nuclear translocation were 

robustly suppressed by treatment with Epo B (Figure 

5Aï5C). Together, these results indicated that Epo B 

attenuated RANKL induced osteoclastogenesis through 

regulating NF-əB signaling pathway. 

 

The inhibitory effects of Epo B on osteoclast related 

signaling pathways contributed to the regulation of master 

factors such as NFATc1 and c-Fos, which were evaluated 

by western blotting. Epo B significantly downregulated 

the protein expression of NFATc1, c-Fos, CTSK and 

TRAP during the procedure of RANKL and LPS induced 

monocytes to mature osteoclasts (Figure 4F). Because of 

the dramatic suppression of NFATc1, whether Epo B 

inhibited the nuclear translocation of NFATc1 was also 

investigated. Coincidently, as the data (Figure 5Aï5C) 

showed that treatment with Epo B repressed the mean 

intensity of NFATc1 in the nuclei of osteoclasts and the 

number of nuclei translocation positive cells. Taken 

together, these data confirmed that Epo B attenuated 

osteoclast fusion and differentiation by regulating NF-əB 

signaling pathway to influence the expression of 

osteoclastic marker genes.  

 

Epo B abrogated the activation of direct or indirect 

STAT3 signaling pathway to negatively regulate the 

activation of NF-əB 

 

In addition to activation of the NF-əB signaling 

pathway played an important role in osteoclastogenesis 

during inflammation, STAT3 signaling also participated 

in this process. STAT3 could induce NF-əB p65 

activity, whose activation contributed to the 

transcriptional regulation of inflammatory cytokines, 

such as IL-1ɓ, IL-6 and TNF-Ŭ [18]. The direct and 

indirect STAT3 signaling pathways were also detected 

by using western blotting and qPCR. Western blot 

analysis was used to detect changes in the expression of 

p-STAT3 directly and indirectly after treatment with 

Epo B. RAW264.7 cells were pre-treated with vehicle 

or Epo B (8 ɛM) for 2 h followed by stimulation with 

RANKL (100 mg/ml) for 0, 15, 30, or 60 min. The 

results revealed that RANKL stimulated the Tyr705 

phosphorylation of STAT3 was markedly attenuated by 

treatment with Epo B directly when the incubation 

lasted for 30 min (Figure 6A).  

 

PI3K/Akt signaling also regulated osteoclast fusion and 

differentiation [19]. Upon RANKL stimulation, 

activated PI3K promoted Akt phosphorylation at Ser473 

and subsequently activated the downstream Akt 

pathway. Moreover, many previous studies have 

revealed that the PI3K/Akt axis played an important 

role in the activation of STAT3 [20]. Since the STAT3 

signaling pathway was significantly inhibited, we 

investigated whether Epo B could mediate the 

suppression of osteoclastogenesis by phosphorylation of 

STAT3 via the PI3K/Akt axis. Our results showed that 

Epo B inhibited the phosphorylation of PI3K at 

Ser1070 and Akt at Ser473 in a time-dependent 

manner, which was similar to reports that blocking 

PI3K/Akt signaling pathway dramatically inhibited p-

STAT3 (Figure 6A). These results suggested that 

inhibition of the PI3K/Akt pathway restrained the 

phosphorylation of STAT3 as well as regulated the 

osteoclastogenesis. 

 

Moreover, CD9 played a critical role in regulating 

osteoclast fusion during the early stage. Interleukin-6 

(IL-6) receptor subunit gp130 (glycoprotein 130) was a 

potential CD9-interacting protein. Once IL-6 combined 

with the IL-6 receptor, gp130 dimerized and triggered 

signal transduction to induce phosphorylation (p-

Tyr705) of STAT3, resulting in the nuclear 

translocation of STAT3 and promoting the transcription 

of STAT3 downstream genes. Epo B treatment 

significantly reduced the expression of CD9 during 

early osteoclastogenesis compared with that of 
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Figure 6. Epothilone B significantly restrained STAT3 signal pathway both in direct and indirect manner. (A) RAW264.7 cells 
ǿŜǊŜ ǎǘƛƳǳƭŀǘŜŘ ǿƛǘƘ w!bY[ όмллƴƎκƳ[ύ ǿƛǘƘ ƻǊ ǿƛǘƘƻǳǘ 9ǇƻǘƘƛƭƻƴŜ . όмл˃aύ ŦƻǊ ǘƘŜ л-60 minutes. The expression of p-Akt, Akt, p-PI3K, 
PI3K, p-STAT3 and STAT3. (B) RAW264.7 cells were divided into 3 groups. One group was pretreated with RANKL (100ng/mL), M-CSF 


