www.aging-us.com AGING 2020Vol. 12, No. 12

ResearchPaper
Epothilone B preventdipopolysaccharidenduced inflammatory

osteolysis through suppressing osteoclastogenesis via STATS3 sig|
pathway

Yueqi Cheh?, Yiran Wang Junxian Hg Yong Tangj Zhansong TianWenhui H4, Fanchun
Zend, Jiulin TaA, Qijie Dat, Zhiyong Ho#, FeiLuc, Jianzhong X4j Shiwu Dong?*

!Department of Biomedical Materials Science, Third Military Medical University (Army Medicalditp)ye
Chongging 400038, China

2Department of Orthopedics, Southwest Hospital, Third Military Medical University (Wedical Univesity),
Chongging 400038, China

3Department of Orthopedic Surgery, Third Hospital of Hebei Medical Universitjia8huangd50051 Hebei,
China

“The Key Laboratory of Trauma, Burns and Combined Injury, Third Military Medical Universitjigkicsi
University), Chongging 400038, China

Correspondencdo: Jianzhong XuBShiwu Dongemail: xujianzhong1962@163.cqrdongshiwu@tmmu.edu.cn
Keywords Epothilone BEpo B)lipopolysaccharide (LB 8)flammatory osteolysiosteoclastogenesjSTAT3
ReceivedNovember 4, 2019  Accepted:May 18, 2020 Published:June 11, 2020

Copyright:Chenet al. Thisis an openraccesatrticle distributed underthe terms of the CreativeCommongAttribution Licens:
(CCBY3.0),which permits unrestricteduse, distribution, and reproductionin any medium, providedthe originalauthor anc
sourceare credited.

ABSTRACT

Inflammatory osteolysisis a common osteolytic specificity that occursduring infectious orthopaedic surgery
andis characterizedoy an imbalancein bone homeostasisdue to excessiveosteoclastbone resorption activity.
Epothilone B (EpoB) induced" -tubulin polymerization and enhancedmicrotubule stability, which also playec
an essentialrole in anti-inflammatory effect on the regulation of many diseases.However, its effects on
skeletalsystemhaverarely beeninvestigated.Our study demonstratedthat EpoB inhibited osteoclastogenes
in vitro and prevented inflammatory osteolysisin vivo. Further analysisshowed that Epo B also markedly
induced mature osteoclastsapoptosis during osteoclastogenesisMechanistically, Epo B directly suppresse:
osteoclastogenesidhy the inhibitory regulation of the phosphorylation and activation of PI3K/AKt/STAT
signalingdirectly, and the suppressiveregulation of the CD9/gp130/STAT3ignalingpathway indirectly. The
negative regulatory effect on STAT3Xignalingfurther restrained the translocation of NF¢ . p65 and NFATc
from the cytosol to the nuclei during RANKLstimulation. Additionally, the expressionof osteoclastspecific
geneswas also significantly attenuated during osteoclastfusion and differentiation. Takentogether, these
findings illustrated that Epo B protected against LPSinduced bone destruction through inhibiting
osteoclastogenesigiaregulatingthe STAT3lependentsignalingpathway.

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 osteomyelit@thopaedidmplant

associated infection and other severe inflammatory
osteolysis  destroyed dynamic bone  matrix
homeostasis (regulated by osteoclastdiated bone
resorption and osteoblastediated bone formation)
[1i13]. In many clinical bone infection trials,
efficacibus means of treating these diseases were
limited and mainly included surgical debridement,
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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
attraced more attention.

Osteoclasts were derived frdmematopoietistem cells
(HSCs), which were differentiated by macrophage colony
stimulating factor (MCSF) and receptor activator of NF
9B ligand (RANKL) [ 5] .
RANK triggered the atvation of nuclear factekappa B
(NFa B) , pactivated erotein kinases (MAPKS),
signal transducer and activator of transcription 3 (STAT3)
and other classical signaling pathways to induce
osteoclastogenesis [6]-Fos (a component of activator
protén-1) acted as an essential transcription factor that
initialed the expression of the nuclear factor of activated
T-cells cytoplasmicl (NFATcl) during osteoclast
differentiation,  proliferation and maturation [7].
Therefore, the osteoclastic specific margenes such as
cathepsin K (CTSK) and tartratesistant acid
phosphatase (TRAP) were alscregulated. In addition,
monocyte/macrophage lineage @@l fusion was
another unique process in osteoclastogenesis. During this
process, CD9 played an essdntiale in regulating
membrane fusion and the formation wiultinucleated
cells. In several inflammatory osteolysis diseases,
excessive osteoclast fusion and bone resorption activity
were alsoconsideredas significant elements to result in
bone loss.

Lipopolysaccharide (LPS) was an important component
of the outer membrane of gramegative bacteria that
contributed to the production and release of many pro
i nfl ammatory cytokines t o
During many studies on bone infection, LP $weported

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 anduclear translocation of
NFaB p65 [9]. Subsequently, the phosphorylation
of STAT3 through direct (PI3K/Akt) or indirect
(CD9/gpl130/STAT3) pathways was also activated by
stimulation with LPS alone [10]. The N#B and STAT3
signaling pathways have beahovn to play essential
roles in the osteoclast fusion, differentiation and bone
resorption [11]. STAT3 signaling pathway was regulated
by the activation of PI3KAkt in cell proliferation and
cell differentiation [12]. A recent study reported that
LPS irduced osteoclastogenesis via the activation of
NF-8aB-NFATcl and STATS3 signaling pathways, which
were significantly blocked by treatment with diallyl
disulfide [13].

Epothilone B (Epo B) was an antineoplastic agent that
wa s known ttubulin i polygherizagon &nd

enhance microtubule stability [14]. Administration of Epo

B has been widely investigated for its neuroprotective
effects via antinflammatory activity and inhibitory effect

on fibrotic scarring after spinal cord injury by increasing
fibroblasts apoptosis [15]. In particular, Epo B also
showed protective effect i
mediating microglial polarization via dowsegulating

the inflammatory stimulation [16]. However, the effects

T h of EfobiBnofl boRedlyticOdfseasBs aNdKdstexnd@vity

have not been reported.

Our study detected the inhibitory effects of Epo B on
RANKL or LPSinduced osteoclastogenesisvitro and

the protective effects against LPS induced inflammatory
femur osteolysisin vivo. Mechanistically, Epo B
suppresed osteoclastogenesis by mediating direct or
indirect STAT3 signaling to regulate the NFB
signaling pathway. Additionally, the release of pro
inflammatory cytokines!I(-6, IL-1 b a n ) afd\ F
the production of nitric oxide were significantly
restrained These suggested that Epo B administration
acted as an
induced osteolysis due to its aimflammatory activity.

RESULTS

The cell viability, cell apoptosis rate and cell cycle
were evaluated after treating withEpo B

The chemical formula of Epo B was shownRigure
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< 10uM) had no cytotoxicity Kigure

1Bl 1T). Ad niahy€papdrsmhBv@ RuRd thir@ &t less 81 -
than 100 ng/ml made no cytotoxicity [17]. Thus, 100
ng/ml LPS was chosen for further investigation.
Additionally, although Epo B promotedXtubulin
polymerization and microtubule stabilitigw and high
doses of Epo B did not make an apparemécefin
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 1F 1G). Since Epo B showed no significant
difference in cytotoxicity analysis and liceycle, we
further detected the cell apoptosis at the same
concentration of Epo B during osteoclastogenesis.
Epo B at concentrations of jgiM and 10 uM induced
mature osteoclast apoptosis during osteoclastogenesis
which was reflected by the increased pipsis rate
(FigurelD, 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, 1M and 10 pM of

Epo B were chosen to perform this stainiffldQRAP-
positive (red) cells with more than three nuclei were
counted as osteoclasts. Quantitative analysis of the
results revealed that treatment with RANKL alone
could dramatially promote osteoclastogenesis
(Figure 2Bi2E). Interestingly, RANKLstimulated
activation of osteoclastogenesis was dramatically
reversed in the presence of M Epo B After
treatment withEpo B at 10uM, mature osteoclasts
with more than three nuclei we 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, pretreatment with RANKL (100 ngnl)

and MCSF (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 abogated (Figure 2B). In accordance,
changes in mature osteoclast differentiation specific
genes at the mRNA level were also detecteéos,
NFATcl, TRAP, DE&ETAMP, ATP6V0dand 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, eFos and NFATcXFigure4E).

Epo B attenuated Factin ring formation and bone
resorption activity of mature osteoclasts

To further detect the effect of Epo B onraEtin ring
formation, we performedctin cytoskeleton and focal
adhesion (FAK) staining to visualize the formation of
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Figure 1.Epothilone B dominantly induced osteoclast apoptosis without cytotoxicity) Chemical structure of Epothilone B.
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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) Schematicrepresentation of the design aoh vitro and in vivo experiments (B) Representative images of
RAW?264.7 cellstained for TRAP treated with RANKL (100 ng/ml) ar@3% (50 ng/ml) for 3 days or pretreatment with RANKL for 24h and
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LPS for another 48tBMMs vere incubated withRANKL (100 ng/ml) and-®ISF (50 ng/ml) for 5 dayall groups were incubated in the
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(P Represendtive images of RAW264.7 cells and BMMs were seeded onto bovine slices, which were also incubated with the same strategies.

{015
*p < 0.05, **p < 0.01, **p < 0.001 based on one way ANOVA.

the Factin ring and cytoskeletorrespectively The
results showed that -&ctin ring formation was
dramatically inhibited in the presence of Epo B, which
was onsistent with TRAP staining resuligure 3)
Additionally, the averageumber ofnuclei in mature
osteoclasts was significantly decreased by Epo B
treatment (Figure 3) These results indicated that
osteoclast fusion was inhibited by Epo B administratio

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.

RAW?264.7 cells and BMMs were seeded onto bevin

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

RAW264.7 cells

19va

o | (& NMuantitative andiydisf the osteoclastic boneesorptionof bovine slicesData in the figures represemiean + SD.

erosion area was smaller in the Eper&ted goup
than in the groups that were not treated with Epo B,
which demonstrated that Epo B also strongly inhibited
osteoclast bone resorption activiigure2F 2I).

Epo B restrained the release of pronflammatory
cytokines and the production of nitric oxide

Due to the antinflammatory effect of Epo B, the
release of pranflammatory cytokines was also detected

by using gRTPCR. RAW264.7 cells were pteeated

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

with LPS. Treatment wh LPS strongly promoted the
release of pranflammatory cytokines and nitric oxide

in the cytoplasm. Administration of Epod@amatically
reversedthis promoted effect. Quantitative analysis
showed thathe mRNA levels of It6,IL-1 b andl TNF
were also sppressed after treatment with Epo B

Figure 3.Epothilone B made an inhibitory effect on osteoclast fusion significanh). Representative images of FAK staining of
RAW264.7 cells induced by RANKL or LPS with or without Epothilone B treatmenba®s@@0em. B¢O Quantitative analysis of
multinucleated osteoclasts (nuc8) and average the number of multinucleated osteoclasds.Representative images of FAK staining of
BMMs induced by RANKL in the presence or absence of various concestratti@pothilone B. Scale ba200em. (&F) Quantiative
analysis of multinucleated osteoclasts (nuCBjiand 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 WBDVA.
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compared to those of the positive control gr@eigure
5E). We also tested the concentration of NO in the cell
culture supernatant during LRSduced osteoclast
differentiation. Epo B treatment evidently decreased
NO prodution compared withihat of thecontrol group

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 prmflammatory cybkines and the

(Figure 5F) Interestingly, Epo B inhibited the production of NO.
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nuclear) in all cell§Q Quantitative analysis of the mean intensityM~TB p65in the cells nucleaD) RAW264.Zells were stimulate with

RANKIwith or without 9 LJ2 (i KA f 2 yothe .0-60dninutes The cell lysatewere analyzed usingestern blotting for pNF B p65, NFB

P65, pI°B" and ISB". Quantification protein expression ofpC¢ . Ll p NBf I GABE° (2 KEF | {BlEE&tivel 2/ RL SL
expression of pronflammatory cytokines TNF", IL-1, 11-6) during LPS induced oswast differentiation on mRNA levelF) The
concentration of NO was detected in the procesd BBnducedosteoclastogenesigG) Relative expression of iINOS (inducible nitric oxide
synthetase) during LPS induced osteoclastogenesis on mRNADatzein the figures represemhean+ SD. N.S. represented no significant
difference.*p < 0.05,*p <0.01, **p <0.001based on one way ANOVA.

Suppressionof NFe B si gnal i ng
the activated expression of NFATc1

Due to the excellent antisteoclastic effect of Epo B

p at h wdaring irdlammationu SrATS dignaling also participated

in this process. STAT3 could induce MFB p 6 5
activity, whose activation contributed to the
transcriptional regulation of inflammatory cytokines,

during osteoclastogenesis, the potential mechaniam such as Ik1 b, -6 and TNFU [ 18] . The di
detectedRANKL stimulated NFe B s i gnal i n g ingiract 3iT&k8signaling pathways were also detected

was an essential step in osteoclast differentiation. After by using western blotting and gPCR. Western blot
stimulating RAW264.7 cells with RAKL could analysis was used to detect changes in the expression of
significantly enhance NB B p65 act i vipBNHAT3 dirdctty eand indirectlyafter treatment with
phosphorylatonof N B p65, t he phos pEpoB. RAWR64i7 aells veere gptecated with vehicle
degradation of | 69 Bnin (Fiypgen t orEpoBe d 8f e™M) for 2 h foll owe

5D). However, these effects were significantly reversed
after ceculturing with Epo B. To deterime whether the
nuclear translocation of NeB p65 was i nf
Epo B, immunofluorescence analysis was performed.
Treatment with onlyRANKL dramatically enhanced
the nuclear translocation of \+B  p 6 5 . I n
mean intensity of N/ B p 6 Be nuctei amd the
number of cells with positive nuclear translocation were
robustly suppressed by treatment with Epo B (Figure
5Ai 5C). Together, these results indicated that Epo B
attenuated RANKL induced osteoclastogenesis through
regulating NFe B s nggpatlawayi

The inhibitory effects of Epo B on osteoclast related
signaling pathways contributed to the regulation of master
factors such as NFATc1 and~os, which were evaluated

by western blotting. Epo B significantly downregulated
the protein expressn of NFATcl, eFos, CTSK and
TRAP during the procedure of RANKL and LPS induced
monocytesto mature osteoclastEifure4F). Because of
the dramatic suppression of NFATcl, whether Epo B
inhibited the nuclear translocation of NFATcl was also
investigated. Coincidently, as the datig(re 5Ai 5C)
showed that treatment with Epo B repressed the mean
intensity of NFATc1 in thenuclei of osteoclasts and the
number of nuclei translocation positive cells. Taken
together, these data confirmed that Epo B attenuated
osteoclast fusion and differentiation by regulatingd\NB
signaling pathway to influence the expression of
osteoclastienarker genes.

Epo B abrogated the activation of direct or indirect
STAT3 signaling pathway to negatively regulate the
activation of NF-a B

In addition to activation of the NB B
pathway played an important role in osteoclastogenesis

addi ti

RANKL (100 mg/ml) for 0, 15, 30, or 60 min. The
results revealed that RANKL stimulated the Tyr705
phosphorylation ofdlSYAT3 was markedly attenuated by
treatment with Epo B directly when the incubation
lasted for30 min Figure6A).

on, the

PI3K/Akt signaling also regulated osteoclast fusion and
differentiation [19]. Upon RANKL stimulation,
activated PI3K promoted Akt phosphorylatiorSsr473
and subsequently activatedhe 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 inhibitedye
investigated whether Epo B could mediate the
suppression obsteoclastogenesis by phosphorylation of
STAT3 via the PI3K/Akt axis. Our results showed that
Epo B inhibited the phosphorylation of PI3K at
Serl070and Akt at Ser473 in a timdependent
manner, which was similar to reports thdbdking
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. Interle@kin
(IL-6) receptor subunit gp130 (glycoprotein 130) was a
potential CDSinteracting protein. Once b6 combined
with the IL-6 receptor, gpl3@imerizedand 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

s i g n alsjgrifigantly reduced theexpression of CD9 during

ealy osteoclastogenesis compared with that of
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Figure 6.Epothilone B significantly restrained STAT3 signal pathway both in direct and indirect maeRAW264.7 cells
GSNB alGAYdd F GSR 6AGK w!bY[ owmnny 3k Y[ 60 nanitéskhe 2xpdession kARt datt, pRIBKR2 G K A f 2
PI3K, pPSTAT3 and STAT®) RAW?264.7 cells were divided into 3 groups. One group was pretreated withLRARBnhg/mL), MCSF
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