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Abstract

The bone destruction disease including osteoporosis and rheumatoid arthritis are caused by the
imbalance between osteoblastogenesis and osteoclastogenesis. Inhibition of the NF-kB pathway
was responsible for decreased osteoclastogenesis. Recently many studies indicated that
niclosamide, the FDA approved an antihelminth drug, inhibits prostate and breast cancer cells
growth by targeting NF-kB signaling pathways. This study evaluated the effects of niclosamide on
osteoclast and osteoblast differentiation and function in vitro.

In RANKL-induced murine osteoclast precursor cell RAW264.7 and M-CSF/RANKL-stimulated
primary murine bone marrow-derived macrophages (BMM), niclosamide dose-dependently
inhibited the formation of TRAP-positive multinucleated osteoclasts and resorption pits formation
between 0.5uM and 1uM. In addition, niclosamide suppressed the expression of nuclear factor of
activated T cells cl (NFATcl) and osteoclast differentiated-related genes in M-CSF/ RANKL-
stimulated BMM by interference with TRAF-6, Erkl/2, JNK and NF-kB activation pathways.
However, the cytotoxic effects of niclosamide obviously appeared at the effective concentrations
for inhibiting osteoclastogenesis (0.5-1uM) with increase of apoptosis through caspase-3 activation
in osteoblast precursor cell line, MC3T3-El. Niclosamide also inhibited ALP activity, bone
mineralization and osteoblast differentiation-related genes expression in MC3T3-El. Therefore,
our findings suggest the new standpoint that niclosamide’s effects on bones must be considered
before applying it in any therapeutic treatment.
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Introduction

Bone is a dynamic tissue consisting of various
types of cells which are undergoing renewal and
repair process termed “bone remodeling”. The
osteoclasts and osteoblasts are major cells types for
bone remodeling [1]. The increase in number of
osteoclasts could contribute to extreme bone
resorption and the decrease in differentiation of
osteoblast to reduce new bone formation, disrupts the

balance bone remodeling, and results in the loss of
bone that are pathological hallmarks of osteoporosis,
inflammatory joint disease and rheumatoid arthritis
[2-5].

Osteoblasts are derived from mesenchymal stem
cells (MSCs) and located in the bone remodeling unit.
The formation of bone involves a complex series of
process steps which include the proliferation and
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differentiation of osteoprogenitor cells giving rise to
formation of alkaline phosphatase (ALP), bone matrix
proteins such as type 1 collagen and diverse
non-collagenous proteins, including osteopontin. and
osteocalcin  [6]. Osteoblasts differentiation is
controlled by a key transcription factor, runt-related
transcription factor 2 (Runx2) [7]. Some studies show
that Runx2 knockout mice exhibited loss of bone
formation and died at birth [8-10]. Runx2 is
considered as an essential regulator of osteogenesis
and bone formation.

Multinucleated osteoclasts originate from the
monocyte/macrophage hematopoietic lineage
progenitors that resorb bone in the presence of
macrophage colony-stimulating factor (M-CSF) and
receptor activator of nuclear factor-«B (NF-«B) ligand
(RANKL) [11]. M-CSF is produced by immune cells
and osteoblasts that stimulates RANK expression in
osteoclast precursor cells and provides a survival
signal for osteoclasts [12]. RANKL is secreted by
osteoblast and activated T cells that is the main factor
involved in the osteoclast differentiation. Binding of
RANKL to its receptor RANK activates tumor
necrosis factor receptor-associated factor 6 (TRAF6)
and subsequently the activation of Jun N-terminal
kinase (JNK), extracellular signal regulated kinase
(ERK), p38, nuclear factor kappa B (NF-kB) and
nuclear factor of activated T-cell (NFAT) c1 which are
all the RANK activates key signaling pathways in
osteoclasts [13-17].

Salicylanilides were found to be inhibitors of
TNF-a via inhibition of NF-kB activation to show
anti-inflammatory effects [18]. Derivatives of
salicylanilides have multiple pharmacological effects,
including anti-bacterial, anti-fungal and anti-cancer
and anti-inflammatory activity [19-23]. Accordingly,
our previously study have demonstrated NDMC101,
a salicylanidide derivative, inhibited RANKL-induced
osteoclast differentiation by suppressing NFATc1 and
NF-KB activity, and ameliorates paw swelling in
collagen-induced arthritis mice [24]. In addition, a
new salicylanilide derivatives 6d and 6i, that was
synthesized from the lead compound NDMC101,
could also suppressed RANKTL-stimulated
osteoclastogenesis [25]. On the basis of these findings,
salicylanilide-derived small molecules could have
potential as anti-osteoclastogenesis drugs.
Niclosamide, a FDA approved anthelmintics drug, is
an analog of salicylanilide and has lately been shown
to possess anticancer and atni-inflammatory activities
via regulating multiple cellular pathways including
the NF-kB, STAT3 and Wnt/p-catenin signaling
pathways [26-28]. Recently, cheon et al. reported that
niclosamide could suppress osteoclast differentiation
[29]. However, the exact signaling mechanism and

function of niclosamide on bone remodeling,
osteoclast and osteoblast differentiation, are not clear.
In the present study, we investigated niclosamide on
osteoclast  differentiation in  RANKL-induced
RAW264.7 and BMMs and on osteoblast
differentiation in MC3T3-E1 cells, and explore the
possible molecular mechanisms.

Material and Method

Mice and reagents

DBA /1] mice were purchased from the Jackson
Laboratory (Bar Harbor, ME, USA). All animal
experimental procedures were approved by the
Animal Care and Use Committee of the National
Defense Medical Center, Taiwan (IACUC:15-303). The
murine monocyte RAW 264.7 cell line was purchased
from the Food Industry Research and Development
Institute, Taiwan. MC3T3-E1 was purchased from
ATCC, USA. Fetal bovine serum, a-minimum
essential medium (a-MEM), penicillin and
streptomycin were purchased from Gibco (Grand
Island, NY, USA) RANKL and M-CSF were
purchased from Peprotech (London, UK). Antibody
against TRAF-6 was obtained from Abcam
(Cambridge, MA, USA) Anti-JNK, annti-ERK,
anti-p38, anti-NF-xB p65, anti- IxBa, anti-
phospho-ERK, anti-phospho-JNK, anti-phospho-p38,
Anti-pospho-NF-xB  p65, anti-phospho-IxkB and
anti-caspase-3 antibodies were all obtained from Cell
Signaling Technology (Danvers, MA, USA).
Anti-NFATc1l antibody was purchased from Santa
Cruz Biotechnology (Santa Cruz, CA, USA).
Niclosamide, anti-8-actin and anti-lamin Bl
antibodies and all other reagents were purchased
from Sigma Chemical Co. (St. Louis, MO, USA).

Bone marrow macrophage (BMM) isolation

We isolated bone marrow macrophages from
mice for osteoclast progenitor cells preparation as
described previously [30]. Briefly, Bone marrow cells
were isolated from femurs of 8- to 10-week-old
DBA/1] mice by flushing the bone marrow cavity
with PBS. Cells were incubated with a-MEM
containing with 10% heat-inactivated FBS overnight
to separate the floating cells. The floating cells were
collected and incubated in a-MEM with 10% FBS
containing 30ng/ml M-CSF for 3 days to form
macrophage-like osteoclast precursor cells.

Cell viability assay

Cell were seeded in a 96 well plate with medium
supplemented with 10% fetal bovine serum (FBS) and
treated with differentiation concentrations of
niclosamide for indicated time, and then treated with
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

http://www.medsci.org



Int. J. Med. Sci. 2017, Vol. 14

842

bromide (MTT) solution (medium containing
0.5mg/ml MTT) for 2 hours at 37°C. Cells were
solubilized in 100 pl DMSO. The intracellular purple
formazan concentrations were determined at 550 nm
in an ELISA plate reader. The effects of the
concentration of niclosamide on cell viability were
shown as relative activity (% of concentration of
niclosamide-treated group relative to the DMSO
control group)

Osteoclast differentiation

We induced osteoclast differentiation as
described previously [30]. Briefly, the murine
monocyte/macrophage cell line RAW264.7 or
macrophage-like osteoclast precursor cells (BMM)
were suspended in a-MEM medium containing 10%
FBS in the presence of 30 ng/ml M-CSF and 100
ng/ml RANKL or 100 ng/ml RANKL only
respectively, as well as differentiation concentrations
of niclosamide for 5 days to generate osteoclasts. On
Day 3, the medium was replaced with fresh medium
containing M-CSF, RANKL, and niclosamide.

Tartrate-resistant acid phosphatase (TRAP)
staining.

Cells were washed with PBS and fixed with the
fixing solution (65:25:8 acetone/citrate solution/37%
formaldehyde) for 5 min. After washing with PBS,
cells were incubated in the reaction mixture of the
Leukocyte Acid Phosphatase Assay kit (Cat. 387,
Sigma) at 37°C for 1 h, away from light, as directed by
the manufacturer. Cells were washed 3 times with
distilled water and TRAP-positive multinucleated
cells containing 5 or more nuclei were visualized by
light microscopy and counted as mature osteoclasts.

Bone resorption assay

To assess the effect of niclosamide on
RANKTL-induced bone resorption, we performed a pit
formation assay as described previously [31]. The
BMMs or RAW264.7 were seeded into a 24-well
Corning Osteo assay plate. All cultures were
incubated in triplicate, and cells were replenished
every 3 days with fresh osteoclasteogenesis medium
with or without different concentration of
niclosamide. After 5 days, the wells of plate were
treated with 1IN NH4OH for 5 min to remove the
attached cells. The ratio of the resorbed area to the
total area were determined under a microscope in
optical fields and quantified using the image ]
software.

Total RNA extraction and quantitative PCR
(Q-PCR)

Total cellular RNA was extracted from cells with
different treatment by using the NucleoSpin RNAII

kit (Macherey-Nagel). For quantitative RT-PCR
analysis, 1 ng of total RNA was converted into cDNA
using oligo (dT) and reverse transcriptase (Applied
Biosystems). Quantitative PCR was performed on an
ABI-Prism 7500 PCR cycler (ABI) using SYBR Green
qPCR master mix (Thermo). The PCR primers were
listed in supplementary materials. p-actin was used as
the house-keeping gene in all PCR analyses, and the
2ACt method was used for quantification.

Western blot analysis

Total proteins were isolated from the cell extracts
by wusing the protein extraction reagent RIAP
(Millipore). The equal amounts of proteins were
separated on the 12% SDS-PAGE gels and transferred
onto PVDF membranes (Amersham). The blots were
stained with individual antibodies and followed by a
secondary staining with peroxidase-conjugated
anti-goat IgG (Sigma), anti-mouse IgG(Jackson) or
anti-rabbit IgG (Jackson). The protein bands were
visualized using an ECL system (Amersham) and
exposing a clear blue X-ray film (Thermo Fisher
Scientific) to the membrane.

NFATc] immunofluorescent staining.

To assess the effect of niclosamide on
RANKL-induced NFATc1 translaction, we performed
a immunofluorescent staining as described previously
[31]. BMM were seeded onto glass coverslips and then
incubated with 30 ng/ml M-CSF and 100 ng/ml
RANKL in the presence or absence of Niclosamide(0.5
or 1uM). After 24 h stimulation, Coverslips were
removed, washed in PBS, fixed in 4%
paraformaldehyde, permeabilized with 0.1% Triton
X-100, incubated with 5% bovine serum albumin, and
incubated overnight with a specific anti-NFATc1
monoclonal antibody (1:50). Cells were washed in
PBS, and then incubated 2 h with FITC-conjugated
goat anti-mouse IgG (Jackson ImmunoResearch
Laboratories, West Grove, PA, USA). After the
immunostaining procedures, cells were
nuclear-stained with DAPI (Thermo Fisher Scientific).
Fluorescence was visualized using a Leica
fluorescence microscope.

Flow cytometric Annexin V-fluorescein
isothiocyanate (FITC)/propidium iodide (Pl)
assay

We used an Annexin V/7-AAD apoptosis kit
(BD Biosciences, San Jose, CA, USA) to assess
apoptosis according to the manufacturer. Briefly, the
mouse calvaria-origin cell line MC3T3-E1 (ATCC,
USA) seeded in 24-well plates in osteoblast
differentiation medium with or without various
concentration of niclosamide (0, 0.25, 0.5 and 1uM) for
4 days and collected by trypsinization. Cells were
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resuspended in 400 pl ice-cold 1X binding buffer at a
density of nearly 1x10° cells/ml, and then incubated
with 10 pl Annexin V-PE/7-AAD for 10 min at room
temperature in the dark. The AnnexinV-PE and
7-ADD-labelled cells were analyzed by a flow
cytometer. The data was analyzed using WinMDI
software.

Osteoblast Differentiation of MC3T3-E1 Cells

MC3T3-E1 (purchased from ATCC, USA) was
maintained in a-MEM (Gibco BRL) with 10%
heat-inactivated FBS. The cells were grown at 37 °C in
a humid atmosphere containing 5% CO2. For the
determination of osteoblast differentiation, the cells
were seeded a in a 24-well plate and cultured in
osteoblast  differentiation = medium  (a-MEM
containing 10% FBS, 50 pg/ml ascorbic acid
(Sigma-Aldrich) and various concentrations of
niclosamide for 7 or 21days. Cell culture media were
changed every 3-4 days. After 7 days and 21 days,
ALP staining or ALP activity and ECM calcification of
the osteoblastic MC3T3-E1 cells were measured
respectively.

ALP Staining and ALP activity

ALP staining of the osteoblastic MC3T3-E1 cells
was performed using the ALP staining kit
(Sigma-Aldrich ~ 86R-1KT).  After  osteoblast
differentiation, cells were fixed with the fixing
solution  (65:25:8 acetone/citrate  solution/37%
formaldehyde) for 10 min. The ALP staining of cells
was assayed using the enzymatic kit according to the
manufacturer’s instructions. The stained cells were
washed extensively with distilled water and imaged
using a camera.

ALP activity of the osteoblastic MC3T3-E1 cells
was performed using the ALP reagent containing
p-nitrophenyl phosphate (p-NPP, Sigma; N7650) as
the substrate. Briefly, after osteoblast differentiation,
the cell monolayer was lysed with
radioimmunoprecipitation assay buffer (RIPA;
Millipore). The clear cell lysates were used for the
measurement of ALP activity. The absorbance of
p-nitrophenol formed was measured by ELISA reader
at a wavelength of 405 nm. The total protein content
was determined by a bicinchoninic acid protein assay
kit (Pierce, Thermo Scientific, America) and the ALP
activity OD values was normalized to the total protein
content.

Measurement of ECM Calcification

The Alizarin red S staining method was used to
determine the ECM calcification of osteoblasts in
vitro. After culture protocol as described above, cells
were fixed with 4% paraformaldehyde for 30 min and
washed twice with distilled water prior to staining.

Then, cells were stained with 40 mM Alizarin red S
(Sigma-Aldrich) for 10 min, after which the cells were
washed three times with distilled water. Alizarin red
S staining for calcium precipitation was imaged using
a camera. To quantify the ECM calcium deposits in
the cell matrix, the staining of cells was eluted with
100 pL of 10% cetylpyridinium chloride and
quantified by measuring the absorbance at 540 nm.
The absorbance was shown as relative activity (% of
the compound-treated group relative to the DMSO
control group).

Statistical analyses

The data were expressed as the meanst SD.
Statistical analyses were performed by one-way
ANOVA followed by Tukey post-hoc test. Values of
P<0.05 were considered statistically significant.

Results

Effect of niclosamide on cell viability of
osteoclast precursor cell ine RAW?264.7 and
primary murine BMM growth

To determine whether niclosamide influences
cell viability of RAW264.7 and bone marrow-derived
macrophages (BMMs), both of cells were treated with
niclosamide (0, 0.13, 0.25, 0.5, 1, 2 and 4 uM) for 24
hours, and cell viability was examined by MTT assay.
Results from MTT assay showed that there was no
significant change in cell viability after treatment with
niclosamide at concentrations ranging from 0.13 to 2
uM. At a concentration of niclosamide 4uM, cell
viability of RAW264.7 cells and BMM were
approximately 72% and 81% respectively (Fig 1.).
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Figure 1. Effect of Niclosamide on cell survival percentage in RAW 264.7 cells and
murine bone marrow-derived macrophages (BMM) based on MTT assay. BMM cells
were seeded on 96 well plate. Cells were incubated with the indicated concentration
of niclosamide for 24 h. After 24h, MTT assay was performed. Cell viability was
determined relative to the DMSO control. Data were represented as the means + SD
(n=3). *P<0.05, compared with the 0 uM (DMSO) group.
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Figure 2. Effect of Niclosamide on RANK-induced osteoclast differentiation of RAW264.7 and on MCSF- and RANKL induced osteoclast differentiation of BMM. (A). RAW
264.7 cells were treated with or differentiation concentration of Niclosamide in the presence of RANKL(100ng/ml) for 5 days. (B) BMM treated with or without niclosamide in
present MCSF(30ng/ml) and RANKL(100ng/ml) for 5days. After the culture, the cells were fixed and stained by TRAP. The TRAP-positive multinucleated cells containing more
than 5 nuclei were considered as mature osteoclast. The data represent mean + SD (n=3). *P<0.05, compared with the 0 uM (DMSO) group.

Effect of niclosamide on inhibits
RANKL-induced osteoclast differentiation

In order to determine whether niclosamide
affects RANKL-induced osteoclast differentiation,
RAW 264.7 were culture in the presence of RANKL
with or without differentiation concentration of
niclosamide for 5 days, then evaluated the inhibitory
effects of niclosamide by using TRAP-staining activity
assay. Fig 2A showed that niclosamide decrease the
number on TRAP positive multinucleated osteoclasts
in a dose-dependent manner. The effect of

niclosamide on osteoclastogenesis was further
confirmed by using primary murine BMM. BMM
were form from bone marrow cells treating with
M-CSF (30 ng/ml) for 3 days. Then, BMM were
stimulated with M-CSF and RANKL together with or
without different concentration of niclosamide for 5
days. BMM cultured in the presence of RANKL
formed multinucleated TRAP-positive multinucleated
osteoclasts. In addition, niclosamide showed
inhibition of RANKL-induced osteoclast formation in
a concentration dependent manner (Fig 2B). The IC50
value  of  niclosamide for  TRAP-positive
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multinucleated osteoclast formation from RAW264.7
and BMM were about 0.25 and 0.5 uM, respectively.
Niclosamide did not affect the both cells viability
when used at concentration that significantly
inhibited TRAP-positive osteoclast formation.

Effect of niclosamide on bone resorption
activity in cellture.

We used resorption pit formation assay to
examine whether niclosamide inhibited osteoclastic

A

bone resorption. We seeded RAW264.7 or BMM onto
dentine slices with or without niclosamide in presence
of RNAKL for 5 days, and then quantified the
formation of resorption pit on the bone slices, in order
to determine the direct effects of niclosamide on bone
resorption activity. RANKL-induced bone resorption
was diminished by niclosamide by dose dependent
manners in both RAW264.7 and BMM (Fig 3A and
3B).

Control RANKL RANKL +Niclosamide 0.25uM
EL"? 100 T
%g " s
- . (1] I |
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Figure 3. Effects of niclosamide on resorption pit formation. BMMs were cultured on bone slices with differentiation concentrations of niclosamide in the presence of
MCSF(30ng/ml) and RANKL(100ng/ml) for 5days. After incubation, resorbed lacunae on the bone slices were visualized using light microscopy. The percentages of resorbed area
relative to control group were calculated using Image] software. *, p < 0.05 and **, p < 0.01 compared with RANKL-treated group.
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Figure 4. Effect of Niclosamide on RANKL-induced osteoclast specific gene expression in BMM cultures. Murine bone marrow-derived macrophages (BMM) were pretreated
with or without niclosamide for | h in medium containing MCSF (30ng/ml) and with RANKL (100 ng/ml) for another 48 hours. Total RNA was isolated with TRIzol, and | pg of
total RNA was used to synthesize cDNA. cDNA was used as a template for real-time PCR with mouse-specific primers. The relative expression of each target gene compared
to B-actin was calculated using the 2-AACt. Data represent means * SD of more 3 cultures. *p < 0.05, **p < 0.01, significantly different from values after treatment with DMSO

and RANKL.

Effect of Niclosamide on RANKL-induced
osteoclast specific gene expression in BMM
cultures

In order to identify the inhibitory effects of
niclosamide on osteoclastogenesis, we examined the
RANKL-induced osteoclast specific gene expression
in BMM by real-time PCR, including c-fos, NFATC1,
TRAP, Cathepsin K, MMP-9, DC-STAMP and 3
integrin. In mouse BMMs treated with RANKL for 48
h mRNA expressions of all 7 genes were upregulated
in the control group, respectively; these genes were
significantly ~inhibited by treating with 1uM
niclosamide (Fig 4). The results indicated that
niclosamide might suppress RANKL-induced
osteoclastgenesis via downregulating the mRNA
expression of transcription factors, c-fos and NFATCI.

Effect of niclosamide on RANKL-induced
TRAF6 expression

TRAF6 is the primary signaling adaptor in
RANK/RANKL signaling and activation of TRAF6 is

an essential in initiating ostoeclastgenesis [32].
Because niclosamide inhibited osteoclast
differentiation, we determined whether niclosamide
inhibited osteoclatogenesis through suppression of
TRAF6 protein expression. Fig 5A showed that
RANKL induced TRAF6 protein expression in BMM
after 24 hours treatment. In addition, pre-treatment
with niclosamide markedly suppressed RANKL-
induced TRAF6 protein expression in a
dose-dependentent manner.

Effect of niclosamide on RANKL-induced
signaling pathway in BMM cultures

The report showed that TRAF6 plays a critical
role in RANKL-induced osteoclast differentiation via
activation of phosphorylation of MAPKs (ERK, JNK
and p38) in osteoclast precursor cells [33]. Based on
the findings that niclosamide suppressed
RANKL-induced TRAF6 protein expression (Fig 5A),
we next investigated the effect of niclosamide on
RANKL-induced ERK, JNK and p38 phosphrylation
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in BMM by western blotting. RANKL activated ERK,
JNK and p38 phosphorylation at the time point of 30
min. Fig. 5B indicated that niclosamide inhibited
RNAKL-induced phosphorylation of ERK and JNK in
a dose-dependent manner, but niclosamide did not
influence RNAKL-induced p38 phosphorylation.

The nuclear factor kappa B (NF-xB) is also the
downstream target of TRAF6 transmits the
RANKL/RANK signal. Activation of NF-kB plays a
dominant role in initiating osteoclastogenesis [34]. We

A
RANKL{100ng/ml) - + + + +
Niclosamide (um) _9 0 025 05 1
TRAFG W B 9% o
Bractin A
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RANKL{100ng/ml) -+ o+ o+ 4
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NFATc1

Merged

RANKL(100ng/ml) -

used western blot assay to investigate whether
niclosamide inhibited osteoclast formation via
suppression of NF-kB signaling pathway in BMM.
Fig. 5C showed that pretreatment of niclosamide for 2
hours could suppress RANKL-induced
phosphorylation of IkBa and NF-kB p65 in BMM.
Together our result indicated that niclosamide might
abrogate osteoclast differentiation and bone
resorption via the inhibition of RANKL-induced ERK,
JNK MAPKSs and NK-kB activation.

B
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Figure 5. Effect of niclosamide on RANKL-induced TRAF-6 expression, MAPK and IkB/NF-kB activtaion and nuclear translocation of NFATcl in BMM. (A) Murine bone
marrow-derived macrophages (BMM) were pretreated with or without niclosamide for | h in medium containing MCSF (30ng/ml) and with RANKL (100 ng/ml) for another 24
hours. The cell extracts were subjected to western blotting assay. (B-C) Murine bone marrow-derived macrophages (BMM) were pretreated with or without niclosamide for |
h in medium containing MCSF (30ng/ml) and with RANKL (100 ng/ml) for another 30 min. The cell extracts were subjected to western blotting assay. (D) Immunofluorescent
analysis. BMM were cultured with or without RANKL (100 ng/ml) in the presence of M-CSF (30 ng/ml). Niclosamide was added to some of the cultures treated with RANKL.
After 24 h, the cells were stained with anti-NFATcI antibody (green) and DAPI (nuclear staining, red) (upper panels). The nuclear localization of NFATc] was confirmed in

merged images of BMM treated with RANKL (yellow).
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Effect of niclosamide on RANKL-induced
nuclear translocation and expression NFATcl

The several transcription factors which promote
osteoclastic gene expression are induced by RANKL
and are considered to act downstream of the RANKL
signaling pathway [35]. The activation of
early-RANKL-response factor, such as NF-kB, is
activated before late-RANKL-response factor,
NFATC1, a key transcription factor involved in
osteoclast differentiation [36]. The inactive forms of
NFATCc1 are localized in the cytoplasm in the cells.
However, NFATc1 translocation from cytoplasm to
nucleus will have an ability to activate gene
transcription [37]. As a result, we investigated the
effect of niclosamide on the nuclear translocation of
NFATc1 in  RANKL-stimulated BMM by
immunofluorescence staining. As shown in Fig 5D,
nuclear accumulation of NFATC1 was increased by
RANKL stimulation for 24 hours compared with the
level in BMM without RANKL treatment. Next, we
performed western blot assay to further confirm

—e— DMSQ
2.0 q —&— Ni 0.125 uM
1.8 4 —%— Ni 0.25 uM
18 4 —&— Ni 05 uM
—&— Ni 1uM
14 4
124 /4
1.0 e
E 064, =
o o4, *iE
e % ko k&
ErL
ook
— A
0z | -
0.0 T T T d
1 2 3
Day
50 -
[ Annexin V{+)/7-AAD (+) *ok ok
[ Annexin V(+)/ 7-AAD (-)
40 -
e ok R
H
}
5
=
o
o
8 20 -
2
5 i I |
10 -
T T L

L] T

control

T
DMSO MiD.26 Ni 0.6 Ni1

7-ADD

whether niclosamide inhibited nfatcl nuclear
translocation at the protein level. Figure 5E indicated
that NFATc1 in cytoplasmic and nuclear extracts in
BMM were increased after 24 treatments by RANKL.
Treatment of niclosamide inhibited NFATc1
expression in cytoplasm and NFATc] translocation to
nuclear in BMM. These results indicated that
niclosamide negatively regulated RANKL-induced
NFATCc1 expression and nuclear translocation during
osteoclastogenesis in BMM.

Effect of niclosamide on the cell viability of
Mc3T3-El cells.

Bone homeostasis is maintained by a balance of
osteoclast and osteoblast. We test the effect of
niclosamide on the cell viability of the Mc3T3-E1 by
MTT assay. As shown in Fig 6A, niclosamide has
significant inhibition on Mc3T3-E1 viability at the
concentrations of 0.5uM to 1uM after 1 day treatment,
which were enhanced after 2 and 3 days.
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Figure 6. Effect of niclosamide on the cell viability, apoptosis and caspase-3 activation of MC3T3-E1 cells. (A) The MC3T3-El cells were seeded onto 96 well and incubated with
osteoblast differentiation medium containing with the indicated concentration of niclosamide for 1, 2 and 3 days. MTT assay was performed. Data are represented as mean * SD
(n = 3) and were subjected to statistical analysis, ***P < 0.001 versus DMSO control. (B) The MC3T3-E1 cells were incubated with osteoblast differentiation medium containing
with the indicated concentration of niclosamide for double staining with annexin-V—PE and7-AAD, followed by flow cytometry analysis (C) The percentage of annexin-V—PE(+)
/7-AAD(-) and annexin-V—PE(+) /7-AAD(+) cells in each group, presented as graphs. Data are represented as mean * SD (n = 3) and were subjected to statistical analysis, ** P
<0.01 and ¥**P < 0.001, versus the DMSO control. (C) The protein level of activity (a) and inactivity (i) caspase-3 were detected by western blot and B-actin as internal control.
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Effect of niclosamide on apoptosis of
MC3T3-El cells

To determine whether the inhibition of
MC3T3-E1 cells viability following niclosmaide was
because of apoptosis, we performed Annexin V/ 7
AAD flow cytometric analyses to distinguish among
healthy cells (Annexin V negative and 7 AAD
negative), early apoptotic cells (Annexin V positive
and 7 AAD negative) and late apoptotic cells.
MC3T3-E1 cells incubated with 0.25 uM niclosamide
for 4 days, the percentage of the three types cell
populations were not significantly different to control
groups (OuM niclosamide and DMSO treatment). On
the other hand, treatment of MC3T3-E1 cells with
niclosamide (0.5 and 1uM) for 4 days provoked a
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dose-dependent increase in the number of early
apoptotic cells and late apoptotic cells (Fig 6B and 6C).

The activation of caspase-3 which is a protease
involved in the initiation of the apoptosis pathway,
eventually causes cell apoptosis [38]. In order to
analyze whether niclosamide induced MC3T3-E1
apoptosis through activation of caspase-3, we
collected cells total protein from MC3T3-E1
stimulated with or without niclosamide (0.25, 0.5 and
1uM) for 2 days for western blot assay. As shown in
Fig 6D, the protein level of inactive caspase-3 was
upregulated at niclosamide concentrations of 0.5 and
1 uM. Together, these results indicated that the
inhibition of MC3T3-E1 cell viability by niclosamide
was caused by the activation of caspase-3 and
apoptosis.

Effect of niclosmide on
— % the differentiation of
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As the expression of
N ALP is a phenotypic marker
for the early osteoblast
differentiation, the effect of
niclosamide on ALP activity
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Figure 7. Effect of Niclosamide on osteoblast differentiation of MC3T3-El cells. Cells were treated with the different
concentration of niclosamide in the presence Osteoblast differentiation medium for 7 or 21 days, and then the effects of the
niclosamide on ALP activity and ECM calcification were evaluated by the ALP or Alizarin red S staining methods. (A) ALP
staining on day 7. (B) Alizaring red S staining on day 21. (C) ALP activity on day 7. (D) ECM calcification was quantified by the
amount of cell-bound Alizarin red S. Alizarin red S was released by incubation in 10% cetylpyridinium chloride and then
detected by measuring the absorbance at 540 nm. ECM calcification was determined relative to the DMSO control. Data are
presented as the mean * SD of three independent experiments. (E) Gene expression levels of RUNX-2, ALP, Col | and OCN
on day 7 were determined by real-time PCR analysis. The data were normalized to GPADH. * P < 0.01 and ***P < 0.001, versus

the DMSO control.

DMsO Nio.5 i 4 niclosamide decreased the

ALP activity of the MC3T3-
E1 cells in a dose-dependent
manner after 7  days
exposure (Fig 7B).

The  formation  of
mineralization nodules is a
marker of  osteoblastic
maturation [39]. We examin-
ed the effect of niclosamide
on osteoblast maturation by
using alizarin red S-positive
staining. Figure 7C showed
that MC3T3-E1 exhibited
alizarin red S positive
staining after treated with
osteoblast differentiation
medium for 21 days. In
contract, the formation of
mineralization was signific-
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antly reduced by niclosamide in a dose dependent
manner (Fig 7C). Quantitatively, niclosamide
significantly reduced alizarin red S staining in
MC3T3-E1 under osteoblast differentiation medium.
The 1 uM niclosamide treatment, the extracted
mineralized stain from Mc3T3-E1 dropped by
approximately 98-100% (Fig 7D).

We further examined the effect of niclosamide
on the expression level of the critical genes involved
in osteogenic differentiation, RUNX2, COL I, ALP and
OCN by quantitative RT-PCR. The results of
quantitative RT-PCR analysis showed that the cell
treated with niclosamide for 7 days exhibited
downregulation in the expression level of all genes.
These data suggest that niclosamide at the
concentrations >0.5 uM suppressed MC3T3-E1 cells
differentiation and maturation (Fig 7D).

Discussion

Osteoporosis is attributed to an imbalance
between bone resorption and bone formation with a
net bone loss. The many clinical drugs are currently
used in osteoporosis treatment, which are broadly
categorized as either anabolic or anti-resorptive. Such
as, bisphosphonates, estrogen, and calcitonin are all
bone resorption inhibitors, which maintain bone mass
by inhibiting the function of osteoclasts. However,
most of these drugs are associated with some side
effects, including thromboembolism, hypercalcemia
and breast cancer [40-42]. Since osteoclasts are
responsible for bone resorption and they are one of
the main targets for treatment of osteoporosis,
therefore developing new drugs for therapies that
have both anabolic and anti-resorption effects would
be more effective in treating bone loss in osteoporosis.
However, drug discovery and development is a
complex, lengthy and costly procedure [43]. Finding
new uses for existing drugs is a proven short cut
between the lab and the clinic, which can save
production cost and time [44].

In the current study, niclosamide a teniacide in
the anthelmintic family has been indicated as a
potential anticancer agent to offer a new approach on
treating cancer. Niclosamide can block the multiple
signaling  pathways, including Wnt/p-catenin
pathway, mTORC1 pathway, STAT3 and NF-kB
pathways to have anti-cancer effect on human breast
cancer [45], lung cancer cells [46], prostate cancer [45],
colon cancer [47], and ovarian cancer [48].NF-kB
pathway is an essential pathway for RANKL-induced
osteoclast differentiation and activation [49]. Together
all reports, niclosamide might be a potential drug
target for anti-osteoclast differentiation. Our data
showed that niclosamide can inhibit RANKL-induced
osteoclast differentiation and function in BMM

through suppressed the activation of NF-xB by the
inhibition of IxB and NF-kB p65 phosphorylation. We
considered NF-xB could be an important downstream
pathway that mediates the effects of niclosamide on
osteoclast differentiation and function.

NF-kB is one of the important downstream
pathways in TRAF-6 mediated-osteoclast
differentiation. TRAF-6 is a signaling adaptor
molecule in osteoclast precurosrs, and binding of
RANKL to RANK is initiated following TRAF6
signaling cascade [50, 51].

In addition to NF-xB, TRAF-6 also activates a
series of major intracellular signaling transduction
pathways including JNK, p38, and ERK MAPK which
plays a crucial role in osteoclasogenesis. In the present
study, we examined the inhibitory mechanisms of
niclosamide on RANKL/RANK signaling. We found
that niclosamide inhibited RANKL-stimulated
TRAF-6 expression, subsequently suppressed the
phosphorylation of JNK and ERK MAPK, but not p38
MAPK. Collectively, our data suggest that
niclosomide inhibits osteoclast differentiation and
function via suppressing TRAF6 expression and its
downstream pathways, including NF-kB and MAPKs.

Many studies have indicated that NF-kB is an
upstream transcription factor regulating expression of
NFATcl, a vitaly transcription factor involved in

osteoclastogenesis. Because NFATc1-deficient
embryonic stem cells exhibit a defect in
RANKL-induced osteoclastogenesis, NFATcl is

considered to be an important factor in the regulation
of osteoclast formation [35, 52]. NFTACI1
autoamplifies and conducts the expression of
conducts the expression of osteoclastogenesis-realted
genes, such as TRAP [53], OSCAR [37], cathepsin K
[54], DC-STAMP and MMP-9. Our results revealed
that niclosamide significantly suppressed
RANKL-induced NFATcl expression and nuclear
translocation in BMM and concomitantly inhibited the
mRNA expression of NFATcl-mediated osteoclasto-
genic genes including TRAP, OSCAR, CTK,
DC-SATMP and MMP9. Taken together, these
findings indicated that niclosamide inhibited
osteoclastogenesis via down-regulation of RANKL-
induced NFATcl expression and translocating into
nucleus.

Our data showed that the effective concentration
(>0.5uM) of niclosamide used on anti-osteoclasto-
genesis would reduce MC3T3-E1 osteoblast-like cells
viability and increase cell apoptosis by enhancing
caspase-3 activation. In addition, niclosamide
suppressed ALP activity, a vital in initiation of
osteoblast differentiation and bone mineralization
during bone nodules formation [55, 56], and reduced
the expression of osteoblast differentiation-related
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gene, including RUNX2, OCN, ALP and Col-1 [57].
When the niclosamide concentration was 1uM, the
cells viability of MC3T3-E1 were evidently reduced
and the differentiation and mineralization potentiality
of MC3T3-E1 were unable to be find. The activation of
Wnt/p-catenin signaling pathway has been reported
for a major regulator of bone mass formation [58].
Niclosamide is considered as a potent Wnt/ -catenin
inhibitor. This might a reason for niclosamide on
inhibition of osteoblast differentiation.

According to our finding, niclosamide could
inhibit not only osteoclast formation and function but
also osteoblast. Some previous studies indicated that
clinical medicines such as SSRIs (serotonin-specific
reuptake inhibitors) [59]. and bisophophonates
(zoledronate and Alendronate) can suppress
osteoclast and osteoblast formation [60]. The observed
decreases in osteoclast and osteoblast number and
function may contribute to a low bone turnover state
in vivo, which may contribute to the pathogenesis of
bone disorders such as fragility fracture and
osteonecrosis of the jaw [61]. Many studies have
demonstrated that niclosamide has potent in vitro and
in vivo anti-tumor growth activities and suggested
niclosamide for new drugs applications for treatment
of cancer [62]. However, Li et. al. summarized the
earlier studies to indicate that niclosamide inhibited
cell proliferation of breast, lung, prostate, colon and
ovarian cancer cell lines, and that the IC50 values for
most cell lines were around 0.5 to 1 pM [62]. Our data
showed that 0.5 to 1TuM niclosamide significantly
induced osteoblast apoptosis and suppressed
osteoblast differentiation and function. The negative
side effects of niclosamide on osteoblast activities
should be concerned in further clinical use. Our
research findings support the new standpoint that
niclosamide’s effects on bones must be considered
before applying it in any therapeutic treatment.

Conclusion

Our results indicated that niclosamide could
inhibit osteoclastogenesis in vitro via the reduced the
expression of TRAF6, and inhibition of NF-kB and
MAPKs (ERK and JNK) activation and subsequently
attenuated the NFTAcl nuclear translocation and
osteoclastogenesis related gene expression. However,
niclosamide also negatively regulated bone formation
by directly suppressing Osteoblastic MC3T3-E1 cell
proliferation, cell viability and inducing cell apoptosis
and then inhibiting matrix mineralization. Overall,
our study might raise an issue that niclosamide would
affect bone turnover by both inhibition of osteoclast
and osteoblast differentiation and that this is to be
taken in consideration of the bone metabolisms effects

in chronic administration of niclosamide, in

particular.
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