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Abstract

Purpose We examined the effects of triptolide on receptor acti-
vator of nuclear factor-kB ligand (RANKL)-induced osteoclast
differentiation and on titanium (Ti) particle-induced osteolysis.
Methods To examine the effect of triptolide on osteoclast dif-
ferentiation, bone marrow macrophages (BMMs) were treated
with 100 ng/mL of RANKL and 30 ng/mL of macrophage-
colony stimulating factor, or co-cultured with osteoblasts stim-
ulated with 10 nM vitamin D3 and 1 pM prostaglandin E2 in
the presence or absence of triptolide (2.8-14 nM). Osteoclast
differentiation and activation were assessed using tartrate-
resistant acid phosphatase staining, reverse transcriptase-
polymerase chain reaction analysis to determine differentiation
marker gene expression and pit formation assays. To examine
the effect of triptolide on wear debris-induced osteolysis, tita-
nium (Ti) particles were injected into the calvaria of ICR mice.
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Then, the mice were divided into three groups and were orally
administered vehicle, or 16 or 32 pg/kg/day triptolide for
ten days, followed by histomorphometric analysis.

Results Triptolide suppressed RANKL-mediated osteoclast
differentiation of BMMs in a dose-dependent manner. In a
co-culture system, osteoblasts treated with triptolide could not
induce osteoclast differentiation of BMMs, which was accom-
panied by down-regulation of RANKL and up-regulation of
osteoprotegrin. Moreover, triptolide significantly inhibited
bone resorption, and expression of the bone resorption marker
genes. RANKL-induced activation of p38, ERK, and JNK was
substantially inhibited by triptolide. Further, in a Ti-induced
mouse calvarial erosion model, mice perorally administrated
with triptolide showed significant attenuation of Ti-mediated
osteolysis.

Conclusion Our data indicated that triptolide had an anti-
osteoclastic effect and significantly suppressed wear debris-
induced osteolysis in mice.

Keywords Titanium - Osteoclast - Osteolysis - Triptolide -
RANK signaling

Introduction

For centuries, Tripterygium wilfordii Hook F (TWHF), a
traditional Chinese herb, has been used in treatment of auto-
immune diseases such as rheumatoid arthritis (RA) [1, 2]. An
active principal component of TWHF has been identified as
triptolide, a diterpene triepoxide [3].

In addition to RA, triptolide has an array of biological
activities, including anticancer [4] and immunosuppressive
activities [5]. Anti-inflammatory and immunosuppressive ac-
tivities of triptolide are mediated through inhibition of T cells,
and inhibition of production of interleukin (IL)-1, IL-6, IL-8,
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tumour necrosis factor-o (TNF-o), and PGE, by human pe-
ripheral blood monocytes [S]. In addition, triptolide has con-
traceptive and anti-cytogenesis effects [6, 7]. Despite its ben-
eficial effects, triptolide has adverse effects and limitations
such as cytotoxicity and poor water solubility [8—11].

To overcome the toxic effects and poor water solubility of
triptolide, different triptolide derivatives have been synthe-
sized [12-16]. In addition, efforts also have been made to
identify beneficial effects of triptolide in other pathological
conditions.

Periprosthetic osteolysis and subsequent loosening by wear
particles of orthopaedic implants are the most common causes
of total joint arthroplasty failure. Wear particles released from
the prosthesis play a central role in initiation and development
of osteolysis [17]. Macrophages engulfing wear particles such
as Ti particles secrete high concentrations of pro-
inflammatory cytokines including TNF-«, IL-6, and IL-1f3.
These factors directly and/or indirectly stimulate osteoclast
formation and bone resorption [18-21]. In addition,
periprosthetic osteolysis is initiated by activation of the recep-
tor activator of nuclear factor-kB (RANK) and RANK ligand
(RANKL) signaling pathways [22, 23], suggesting that oste-
oclasts are eventually recruited and activated, leading to
osteolysis and consequent loosening of the prosthesis [24].

Osteoclasts are multinucleated cells derived from mono-
cytes and macrophages [25]. RANKL and macrophage
colony-stimulating factor (M-CSF), which are expressed in
osteoblasts and stromal cells, induce differentiation of
monocytes/macrophages into osteoclasts [26]. M-CSF regu-
lates expression of RANK on the cell surface of monocytes/
macrophages [27], which in turn responds to RANKL. Bind-
ing of RANKL and RANK on osteoclast progenitor cells
evokes a cascade of signaling pathways, resulting in expres-
sion of genes involved in osteoclast differentiation and acti-
vation. Binding of RANKL to RANK triggers activation of
tumor necrosis factor receptor-associated factor 6 (TRAF6)
[28] and, subsequently, mitogen-activated protein kinases
(MAPKSs), such as extracellular signal-regulated kinase 1/2
(ERK1/2), p38, and stress activated protein kinase/c-Jun N-
terminal kinase (SAPK/JNK) [29, 30]. RANKL/RANK sig-
naling pathway leads to activation of transcription factors,
such as nuclear factor of activated T cells (NFATc1), NF-«kB,
and c-Fos, and these transcription factors regulate expression
of a series of osteoclast-specific genes, including cathepsin K
(Cat K), tartrate-resistant acid phosphatase (TRAP), calcitonin
receptor, and osteoclast-associated receptor [31, 32].

Since cells, secreted cytokines, and the signaling system
involved in the activation of inflammatory cells and osteo-
clasts are similar, we investigated whether the anti-
inflammatory compound triptolide could inhibit osteoclast
differentiation and activity. In this study, we demonstrated
the effects of triptolide on osteoclast differentiation and func-
tion, and investigated the underlying molecular mechanism.
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The inhibitory effect of triptolide on Ti-mediated inflamma-
tory osteolysis in the calvaria of mice was also examined.

Materials and methods
Osteoclast differentiation

Male ICR mice (seven weeks old) were obtained from DBL
Co. (Chungbuk, Korea). Bone marrow cells were isolated
from the tibiae and femora of the mice, pooled, and cultured
with «-MEM containing 10 % fetal bovine serum in a humid-
ified incubator (5 % CO, in air) at 37 °C. After culture for
24 hours, non-adherent cells were collected and centrifuged in
a histopaque gradient centrifuge in order to obtain bone mar-
row mononuclear cells (BMM cells). For osteoclastogenesis,
BMM cells were plated in a 96-well culture plate at a density
of 2x10* cells/well, and cultured in a-MEM containing
100 ng/mL. RANKL (Peprotech; London, UK) and 30 ng/
mL M-CSF with or without 2.8, 7, or 14 nM of triptolide
(Sigma-Aldrich; St. Louis, MO). For the co-culture system,
mouse BMM cells were co-cultured with mouse calvarial
osteoblastic cells for seven days in the presence of 10 nM
vitamin D3 and 1 uM PGE, (Sigma-Aldrich) [33].

Cell viability

The effect of triptolide on cell viability was determined using
the methyl-thiazol tetrazolium (MTT) cytotoxicity assay
(Sigma-Aldrich) as described previously [34]. For in vitro
experiments, triptolide was dissolved in dimethyl sulfoxide
(DMSO) to prepare a 500% stock solution. Control cells were
treated with 0.2 % DMSO (vehicle). After treatment with
indicated concentration of triptolide (2.8—14 nM) for
two days, MTT was added to cultures. Insoluble formazan
was extracted with dimethyl sulfoxide, and the absorbance of
each well was measured at 490 nm using a 96-well microplate
reader (Biorad; Hercules, CA).

TRAP staining and activity

TRAP staining was performed as described previously [33].
TRAP-positive multinucleated cells (MNCs) with three or
more nuclei were scored. For measurement of TRAP activity,
cells were fixed and then incubated with 100 puL of phospha-
tase substrate solution (3.7 mM p-nitrophenyl phosphate and
10 mM sodium tartrate in 50 mM citrate buffer, pH 4.6) at
37 °C for ten minutes. Following incubation, the enzyme
reaction mixture was transferred to another plate and the
reaction was stopped with 100 uL of 0.1 N NaOH. Absor-
bance was measured at 405 nm using an ELISA reader
(BioRad; Hercules, CA).
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Resorption pit formation assay

For the resorption pit assay, mouse BMM cells (2x 10* cells/
well) were seeded on bone slices (IDS; Boldon, UK) and
treated with RANKL (100 ng/mL) and M-CSF (10 ng/mL)
until multinucleated osteoclasts had formed. The cells were
then incubated with RANKL in the presence or absence of
7 nM triptolide for an additional 48 hours. After the culturing
period, osteoclasts were removed from bone slices by hema-
toxylin staining. The resorption pit area was measured using
IMT i-solution (Daejeon, Korea).

RT-PCR

Total RNA was extracted from cells by using Tri-solution
(Bioscience, Gyeongsan, Korea). First-strand complementary
DNA (cDNA) was synthesized from 1 pug of total RNA by
using the Super Script II First-Strand Synthesis System
(Invitrogen). From the 20 pL. ¢cDNA reaction volume, 1—
2 uL were used for each PCR assay. Primers and PCR condi-
tions for Cat K, matrix metalloproteinase-9 (MMP-9) [35], c-
Src [36], and integrin o, [37] were described previously [33].

Fig. 1 The inhibitory effect of a

triptolide on osteoclast formation

of mouse bone marrow cells. a = 180 -
Mouse BMM cells were treated o

with M-CSF (30 ng/mL) and %) 150 -
RANKL (100 ng/mL) for four or o 120 1

five days in the presence or ? 90 -
absence of 2.8, 7, or 14 nM of o 60 -
triptolide. TRAP activity was é

measured at a wavelength of = 30 1

405 nm, as described in the 0 -
'Materials and methods' section.

(4, left panel) TRAP-positive M-CSF  +
MNCs containing three or more RANKL -
nuclei were scored and presented

(4, right panel). bThe cells were Tp (nM) -
stained with TRAP. The results

are representative of three b
independent experiments.

*p<0.05 and **p<0.01

M-CSF+RANKL

Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was
used as an internal control. cDNA was amplified by using rTaq
polymerase (Takara, Tokyo, Japan) for a total of 25-35 cycles.
PCR products were resolved by using agarose gel electropho-
resis and images were captured with a gel documentation
system. Real-time PCR reactions were performed with
RANKL (F: 5-GATTTTTCAAGCTCCGAGCTGG-3" and
R: 5'-CCTGAACTTTGAAAGCCCCAA-3'), and osteopro-
tegerin (OPG; F: 5'-ACTCGAACCTCACCACAGAGC-3'
and R: 5-CGCTCGATTTGCAGGTCTTTC-3') genes were
performed with the SYBR® green PCR Master Mix (Applied
Biosystems, Carlsbad, CA) using an ABI 7500 real-time PCR
instrument (Applied Biosystems, USA). Each sample was
analysed in triplicate and normalized to GAPDH expression.
The expression levels were calculated as relative fold changes
(the 27" method was used).

Western blotting

Cells were lysed with RIPA buffer (50 mM Tris (pH 7.4), 1 %
NP-40, 150 mM NaCl, 1 mM EDTA, 1 mM PMSEF, | mM
Na3;VOy4, 1 mM NaF, 1 pg/mL pepstatin, and 1 pg/mL
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aprotinin), and the protein concentration was measured using
a Bicinchoninic Acid Kit (Pierce; Rockford, IL). Cell lysates
(20 pg) were separated on a SDS—polyacrylamide gel, and
transferred to a PVDF membrane (Millipore; Billerica, MA)
as described previously [38]. The membrane was blocked,
incubated with primary antibodies and an appropriate second-
ary antibody coupled to horseradish peroxidase (UBI; Char-
lottesville, VA). The protein band was visualized by applica-
tion of enhanced chemiluminescence reagents, and quantified
with IMT i-Solution program.

Calvarial osteolysis model and histomorphometric analysis

Animal experiments were performed in accordance with prin-
ciples and procedures approved by Kyungpook National Uni-
versity. A mouse calvarial osteolysis model in response to Ti
particles was described previously [19]. Briefly, 15 healthy
seven-week-old male ICR mice were randomly assigned to
three groups, Ti particles with vehicle (Ti+Vehicle), Ti particles
with triptolide (16 pg kg™ day ") (Ti+Tp 16), and Ti particles
with triptolide (32 pg kg™ day ) (Ti+Tp 32). The mice were
anaesthetized, the cranial periosteum was separated from the
calvarium by sharp dissection, and 3 mg of Ti particles were

placed directly on the surface of the bone, as described previ-
ously [19]. Triptolide stock solutions (1.8 and 3.6 mg/mL in
DMSO) were diluted 1:370 with phosphate-buffered saline
(PBS). Then, 100 puL of PBS containing vehicle (DMSO) or
triptolide was orally administered to mice daily for ten days at
doses of 16 and 32 pg/kg/day [39—43]. At the end of treatment,
the mice were sacrificed, and the calvaria were excised, and
fixed with 3.7 % formaldehyde in PBS (pH 7.4) for 48 hours.
The specimens were washed with PBS and analysed using
microcomputed tomography (LCT) (X-eye MCT; Seoul, Ko-
rea). After uCT imaging, the calvaria were decalcified in 10 %
EDTA for one week, and histological sections were prepared,
followed by staining with hematoxylin and eosin (H&E), and
TRAP staining. The specimens were examined under a stan-
dard light microscope (Olympus, Japan) and photographed
with a digital camera (Optical Systems, Germany). The lysed
area was measured using IMT i-Solution.

Statistical analysis

Statistical analysis was performed with SPSS 21.0 (one-way
analysis of variance; ANOVA) and p values of less than 0.05
or 0.01 were considered significant*(p<0.05 and **p<0.01).

Fig. 2 The inhibitory effect of a 160 - g
triptolide on osteoclast formation T 140 A g 40 T
in a co-culture system. Mouse 3 120 >,9’ 30 4
BMM cells and calvarial 8 100 - E '
osteoblastic cells co-cultured for O 80 5 20
. + -
seven days in the presence of o 60
10 nM vitamin D5 and 1 uM g w0 E 1.0 ok
PGE, were treated with the = 20 * % . = **
indicated concentration of 0 - 0.0 -
triptolide. a TRAP activity and b VitD, + + VitD, - + + +
TRAP-positive MNCs were PGE, + + PGE, - + + +
measured, as shown in Fig. 1. b Tp (nM) 7 14 Tp (M) - 7 14
The cells were stained with
N £ Real time PCR for b VitD,+PGE,+ VitD,+PGE,+ VitD,+PGE,+
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Results
Triptolide inhibits osteoclast differentiation

To determine whether triptolide inhibits osteoclast differenti-
ation, mouse BMM cells undergoing osteoclast differentiation
in response to M-CSF and RANKL were treated with or
without the indicated dose of triptolide. After four or
five days, TRAP staining and activity were analyzed. As
shown in Fig. 1, treatment with triptolide resulted in a signif-
icant dose-dependent reduction of both TRAP activity and
TRAP-positive multinucleated cells. TRAP activity was sig-
nificantly inhibited by 76.4 and 96 % at 7 and 14 nM
triptolide, respectively. Similarly, the number of TRAP-
positive multinucleated cells was also significantly decreased
by 78.7 and 97.8 % at 7 and 14 nM triptolide, respectively.
These results suggest that triptolide directly inhibits osteoclast
differentiation. We also tested the effect of triptolide on
osteoclast formation in a co-culture system comprising
osteoblasts and BMM cells. Mouse calvarial osteoblasts
and BMM cells were stimulated with vitamin D3 and

PGE, in the presence or absence of triptolide. As shown
in Fig. 2, treatment with triptolide resulted in a signif-
icant reduction of TRAP activity and numbers of
TRAP-positive osteoclasts (Fig. 2a and b). In addition,
triptolide showed a tendency to inhibit the expression of
RANKL in osteoblasts, and to induce the expression of
osteoprotegrin (OPG), a decoy receptor for RANKL
(Fig. 2c). These results suggest that triptolide may indi-
rectly suppress osteoclast differentiation, targeting
RANKL and OPG expression in osteoblasts. Collective-
ly these results clearly demonstrate that triptolide direct-
ly and indirectly regulates osteoclast differentiation.

Triptolide inhibits osteoclast activity

To examine the effect of triptolide on bone resorption, osteo-
clasts cultured on bone slices were treated with or without
triptolide. Analysis of resorbed surfaces of bone slices was
performed using hematoxylin staining. As shown in Fig. 3,
osteoclasts demonstrated good resorption of bone surface in
the absence of triptolide, whereas bone resorption was

Fig. 3 Inhibition of bone a
resorption activity of osteoclasts
by triptolide. Mouse BMM cells
were seeded on dentine slices and
treated with M-CSF (30 ng/mL)
and RANKL (100 ng/mL) in
order to induce differentiation
into osteoclasts. Following
formation of osteoclasts, the cells
were treated with or without
triptolide (7 nM) in the presence 120 -
of M-CSF and RANKL for 48 h.
a Resorption pit area was © _100 +
measured using an image analysis )
program. Scale bars =100 um. b .g b= 80 1
Changes in the expression of 2 8 60
genes involved in osteoclast 6
activity in response to triptolide S 40 A * %
. z
(7 nM) were analyzed by using 20 |
RT-PCR. The results are
representative of three 0 -
independent experiments RANKL+ RANKL+
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4 = RANKL- / Tp-
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dramatically inhibited by triptolide (7 nM; Fig. 3a). In addi-
tion, triptolide substantially inhibited the expression of genes
associated with resorption, including integrin ocv, Mmp-9,
Cathespsin K, and c-Src (Fig. 3b). Although there are some
limitations in densitometric analysis of RT-PCR, it clearly
showed that the expression of genes associated with resorp-
tion was dramatically inhibited by triptolide. These results
indicate that triptolide inhibits the resorption activity of
osteoclasts.

Triptolide inhibits the RANKL signaling pathway

To define the molecular mechanism(s) by which
triptolide directly inhibits osteoclast differentiation and
activation, phosphorylation of MAP kinases and activa-
tion of transcription factors were examined using west-
ern blotting (Fig. 4a). RANKL induced phosphorylation
of p38MAPK, ERK and JNK, and triptolide (7 nM)
inhibited their phosphorylation (Fig. 4a). Quantitative
densitometry of phosphorylated p38MAPK, ERK, and
JNK were shown in Fig. 4b. As shown, RANKL-
induced phosphorylation of p38MAPK was markedly
decreased at 15 minutes by triptolide. In addition, phos-
phorylated JNK and ERK were also decreased by
triptolide. These results suggest that triptolide substan-
tially inhibits RANKL-induced activation of MAP ki-
nases, and thereby suppresses osteoclast differentiation
and activation.

Triptolide suppresses Ti particle-induced osteolysis
in a mouse calvarial model

Having established that triptolide inhibits osteoclast differen-
tiation and activity, we attempted to determine whether
triptolide suppresses Ti particle-induced osteolysis in a mouse
calvarial model. In the Ti PBS group, Ti particle induced
osteolysis was apparent in CT images, whereas in Ti triptolide
groups, Ti particle-induced osteolysis was substantially re-
duced by 16 and 32 ug/kg/day triptolide, respectively
(Fig. 5a). Histology consistently showed that Ti injected bone
resorption was dramatically reduced in a dose-dependent
manner by treatment with triptolide (Fig. 5b). In TRAP stain-
ing, the Ti triptolide group (32 png/kg/day) showed a dramatic
reduction of TRAP positive osteoclasts, suggesting that
triptolide also inhibits osteoclast formation in vivo. These
results clearly demonstrate that triptolide suppresses Ti
particle-induced osteolysis through suppression of osteoclast
formation in mice.

Discussion

In pathological conditions such as rheumatoid arthritis, en-
hanced activation and differentiation of osteoclasts induces
bone loss and destruction. Triptolide has been shown to re-
lieve or cure a wide variety of diseases [44]. In particular,

Fig. 4 Inhibition of the RANK a b
signaling pathway by triptolide. 0.2 -
Mouse BMM cells were : pP38/P38
pretreated with triptolide (7 nM) . 0.15
for 30 minutes and stimulated Time 0 5 15300 5 1530 (min)
with RANKL (50 ng/mL) forthe  RANKL - + + + - + + + 0.1 1
indicated periods of time. a The 0.05 -
phosphorylation levels (P) of Tp - - - -++ + +
INK, p38MAPK, and ERK were | . | «p-p3s 0
analysed by Western blotting. The 0.3 1 pERK/ERK
images are representative of three |-—--—.—-| <4 p38
independent experiments. b 0.2
Densitometry of blotting bands | e — R e —— | < p-ERK
was analysed using a IMT i- 01 A
Solution. The graphs are =TmEm=s==E= | <4 ERK
representative for the independent P-4 T 0 -
experiments = o o - | 1 P-INK
1.5 1
|-—-——---| <CINK PINK/IINK
1 .
0.5 -
0 u
Time 0 56 15300 5 15 30 (min)
RANKL - + + + |- + + +
Tp - - - - |+ + + +
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Fig. 5 uCTand a Ti+Vehicle

histomorphometric analysis of
calvaria. a Mouse calvaria were
implanted with Ti particles, and
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16 ng/kg/day (Ti+Tpl6) or
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triptolide inhibits collagen-induced arthritis through suppres-
sion of differentiation of Th17 cells [5]. In this study, we
demonstrate that triptolide inhibits osteoclast differentiation
and function through suppression of RANK signaling path-
ways and RANKL expression in osteoblasts. Since triptolide
substantially suppressed osteoclast differentiation in BMM
cell culture (Fig. la and b) as well as in a co-culture
with osteoblasts and BMM cells (Fig. 2), it may target
both osteoclasts and osteoblasts. In a recent study, Liu
et al. demonstrated that triptolide prevents bone destruction
in a collagen-induced arthritis model by targeting the
RANKL/RANK/OPG signal pathway [43]. In human
fibroblast-like synovial cells, triptolide inhibited expression
of RANKL, but induced up-regulated expression of OPG.
We consistently observed a trend showing suppression of
RANKL and up-regulation of OPG expression in calvarial
osteoblasts stimulated with vitamin D; and PGE,
(Fig. 2c). Therefore, in both synovial cells and osteoblasts,
triptolide may inhibit expression of RANKL, thus contrib-
uting to suppression of osteoclast formation.

Treatment with 14 nM triptolide induced a significant
cytotoxic effect in BMM cells (Suppl. Fig. 1). The cytotoxic-
ity of triptolide has already been recognized in different cell
types [6, 9, 14]. However, treatment with low concentrations
of triptolide (2.8 and 7 nM) specifically inhibited osteoclast
differentiation without inducing cytotoxicity (Figs. 1 and 2).
These results suggested that triptolide had a narrow window of
efficacy in inhibiting osteoclast differentiation of BMM cells
and bone resorption by osteoclasts.

RANK signaling in response to RANKL stimulation plays
a central role in regulating differentiation and function of
osteoclasts. Since triptolide significantly inhibited osteoclast
differentiation of BMM cells in response to RANKL, it could
be targeting RANK signaling pathway(s). As expected,
triptolide substantially inhibited RANKL-induced activation
of p38MAPK, ERK, and JNK (Fig. 4a). Furthermore, bone
resorption by osteoclasts was also dramatically reduced by
triptolide (Fig. 3), suggesting that triptolide may target RANK
signaling pathways during various stages of osteoclast differ-
entiation and activation. Substantial efforts have been made to
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define molecular targets of triptolide. A calcium channel
polycystin-2 and a 90-kDa nuclear protein were identified as
potential molecular targets of triptolide [45, 46]. More recent-
ly, Titov et al. reported that triptolide covalently binds to XPB/
ERCC3, a subunit of the transcription factor TFIIH, and
inhibits its DNA-dependent ATPase activity, which leads to
inhibition of RNA polymerase [I-mediated transcription and
likely nucleotide excision repair [47]. Although we could not
define a direct target molecule of triptolide in osteoclasts, our
data suggest that triptolide may target RANKL-induced MAP
kinase signaling pathways. A recent study reported that
RANK expression was decreased by triptolide [43], suggest-
ing that RANK expression by M-CSF, PMA, or vitamin D3
also could be a target for triptolide.

Although inflammatory cytokines such as IL-1f3, IL-6 and
TNF-o, which are secreted by macrophages/phagocytes
engulfing wear particles, directly and/or indirectly stimulate
osteoclast formation and bone resorption [18, 20, 21],
RANKL also mediates wear particle-mediated osteolysis
[22, 23]. Since triptolide dramatically inhibited osteoclast
differentiation induced by RANKL, it may suppress inflam-
matory bone loss such as wear debris induced osteolysis. In
fact, triptolide significantly suppressed Ti particle-induced
calvarial osteolysis in mice (Fig. 5a). These results suggest a
possibility that osteoclast formation is suppressed by triptolide
in vivo. The numbers of osteoclasts induced by Ti particles
was dramatically reduced by triptolide (Fig. 5b). Therefore,
our data demonstrated that RANK signaling was critical for Ti
particle-induced osteoclast formation, and that triptolide sup-
pressed Ti particle-induced osteolysis. Triptolide might have
an effect on other cells or tissues in vivo, leading to suppres-
sion of Ti-induced bone erosion. For example, triptolide
inhibited IL-17 production by Th17 cells, splenocytes, and
CDA4 T cells [5, 40, 41]. Triptolide-mediated suppression of
IL-17 production by Th17 cells significantly inhibited
collagen-induced arthritis [5]. Moreover, immunohistochemi-
cal analysis showed that peri-implant tissues were positive for
IL-17, suggesting a role of IL-17 in wear debris-induced
aseptic loosening of prosthetic joints [48]. Therefore,
triptolide might inhibit Ti particle-induced osteolysis through
suppression of IL-17. It is also possible that Ti particle-
induced production of other cytokines, such as TNF-&
[49-51] and pro-inflammatory interleukins, could be inhibited
by triptolide leading to suppression of Ti particle-induced
osteolysis. Further studies may be necessary to confirm
whether production of other inflammatory cytokines can be
inhibited by triptolide, and thus resulting in the suppression of
osteolysis.

Triptolide-induced toxicity in the hepatic, renal, digestive,
reproductive, and hematological systems prevents it from
being widely used in clinical practice. To overcome this
problem and expand narrow efficacy windows, numerous
triptolide derivatives have been synthesized [12, 16, 52, 53].

@ Springer

C-14-hydroxyl substitution improves the water solubility of
triptolide, while retaining its anticancer activity in vivo and
in vitro [12]. In addition, other approaches have been used to
reduce triptolide toxicity. Since triptolide is absorbed rapidly
into the blood circulation (from 5.0 to 19.5 min after admin-
istration) followed by a short elimination half-life (from ap-
proximately 20 minutes to one hour) [54], rapid fluctuations in
triptolide plasma concentration could be a cause of toxicity.
Nanostructured lipid carriers, which allowed sustained release
of triptolide after oral administration, reduced toxicity in male
rats, suggesting that controlled release of triptolide can sub-
stantially reduce multiple tissue toxicity [54]. Therefore,
triptolide could be a candidate drug for the treatment of
osteolytic diseases. Whether non-toxic triptolide derivatives
or sustained release of triptolide would significantly improve
its efficacy in wear debris-induced osteolysis remains to be
investigated.
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