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Abstract

It is well known that physical inactivity leads to loss of muscle mass, but it also causes bone loss.
Mechanistically, osteoclastogenesis and bone resorption have recently been shown to be regulated
by vibration. However, the underlying mechanism behind the inhibition of osteoclast formation is
yet unknown. Therefore, we investigated whether mechanical vibration of osteoclast precursor
cells affects osteoclast formation by the involvement of fusion-related molecules such as dendritic
cell-specific transmembrane protein (DC-STAMP), and P2X7 receptor (P2X7R).

RAW264.7 (a murine osteoclastic-like cell line) cells were treated with 20 ng/ml receptor
activator of NF-xB ligand (RANKL). For 3 consecutive days, the cells were subjected to 1 hour of
mechanical vibration with 20 um displacement at a frequency of 4 Hz and compared to the control
cells that were treated under the same condition but without the vibration. After 5 days of culture,
osteoclast formation was determined. Gene expression of DC-STAMP and P2X7R by RAW264.7
cells were determined after 1 hour mechanical vibration, while protein production of the DC-
STAMP was determined after 6 hours of post incubation after vibration.

As a result, mechanical vibration of RAW264.7 cells inhibited the formation of osteoclasts.
Vibration down-regulated DC-STAMP gene expression by 1.6-fold in the presence of RANKL
and by 1.4-fold in the absence of RANKL. Additionally, DC-STAMP protein production was also
down-regulated by 1.4-fold in the presence of RANKL and by 1.2-fold in the absence of RANKL
in RAW264.7 cells in response to mechanical vibration. However, vibration did not affect P2X7R
gene expression. Mouse anti-DC-STAMP antibody inhibited osteoclast formation in the absence
of vibration.
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Our results suggest that mechanical vibration of osteoclast precursor cells reduce DC-STAMP
expression in osteoclast precursor cells leading to the inhibition of osteoclast formation.
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1. INTRODUCTION

Bones are subjected to a variety of mechanical loads during daily activities. Bone mass and
architecture are continuously adapted to the daily mechanical loads. Osteocytes play an
important role in adaptation of bone to mechanical loading by sensing the mechanical loads
[1, 2]. Osteocytes are thought to regulate bone mass by orchestrating the balance between
bone formation and resorption in response to mechanical cues, such as vibrations.
Mechanistically, osteoclastogenesis and bone resorption have recently been shown to be
regulated via osteocytes in response to vibration [3]; however, this result leaves an
interesting gquestion, whether osteoclastogenesis is directly regulated by vibration. Lately,
Wau et al. has shown that low-magnitude high-frequency vibration (0.3 g, 45 Hz) of
osteoclast precursor cells inhibits the formation of osteoclasts [4]. However, the underlying
mechanism behind the vibration induced inhibition of osteoclast formation in osteoclast
precursor cells is yet unknown.

Recent studies suggest that vibration can positively influence skeletal homeostasis. Animal
studies have demonstrated that vibration (0.3 g, 30 Hz; 0.15 g, 90 Hz; 0.3 g, 45 Hz)
stimulated an anabolic response in both weight-bearing [5, 6] and non-weight-bearing [7]
bones. Moreover, vibration (3.0 g, 45 Hz; 0.3 g, 45 Hz) prevented mice from ovariectomy-
induced osteoporosis [8] and decreased osteoclast activity in the adolescent mouse skeleton
[9], providing evidence of vibration's anti-resorptive potential. Whole-body vibration (0.2 g,
30 Hz; 2.2-5.0 g, 35-40 HZ) of human subjects was found to be anabolic to the bone in
Vvivo, as postmenopausal women treated with vibration stimulation gained higher bone
mineral density (BMD) in hip and spine compared to the placebo group after 6-12 months
[10, 11]. In dentistry, physiological vibrational (chewing) load is able to maintain alveolar
bone in mice [12] and rehabilitate resorbed alveolar bone in rats [13]. Although the anabolic
and anti-resorptive potential of vibration is becoming apparent, it is imperative to study the
underlying mechanism behind the direct effect of vibration on osteoclast formation in
osteoclast precursor cells.

Osteoclasts are multinucleated cells that arise from hematopoietic cells of the monocyte/
macrophage lineage [14, 15]. The process of osteoclast formation is composed of several
steps, including progenitor survival, differentiation to mononuclear pre-osteoclasts, fusion to
multi-nuclear mature osteoclasts, and activation to the bone resorbing osteoclasts. The
regulation of osteoclast formation has been extensively studied in which the receptor
activator of NF-xB ligand (RANKL) - mediated signaling pathway, and downstream
transcription factors play essential roles [16]. Several proteins that affect cell fusion have
been identified. Among them, dendritic cell-specific transmembrane protein (DC-STAMP)
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is directly associated to osteoclast fusion in vivo. DC-STAMP has a seven-transmembrane
domain structure similar to the members of the G protein—coupled receptor (GPCR)
superfamily. Among the GPCR superfamily, the CCR5 chemokine receptor is known to
function as direct cell adhesion molecules through interactions with their transmembrane-
type ligands. Given the structural similarity between DC-STAMP and chemokine receptors,
DC-STAMP may also function as a direct cell adhesion molecule by interacting with its
ligand. The osteoclast fusion process may be initiated upon this adhesive interaction. The
ligand for DC-STAMP may be membrane bound or soluble; a soluble ligand might be
released by either of the fusion partners. DC-STAMP ligation may trigger fusion of the two
cells directly or may trigger the expression of as yet unknown membrane-bound molecules
(“X”) that mediate fusion [17, 18]. DC-STAMP expression was rapidly up-regulated when
mouse cells were cultured in the presence of osteoclast-promoting cytokines such as
RANKL [17], and inhibition of murine DC-STAMP with a polyclonal antibody suppressed
osteoclast formation [17]. Consistent with these observations, the phenotype of DC-STAMP
knockout mice shows few multinucleated osteoclasts and increased bone mass [16]. In
contrast, overexpression of DC-STAMP in mice resulted in a phenotype with accelerated
cell-to-cell fusion during osteoclast precursors’ differentiation and enhanced bone resorption
[19].

Moreover, the P2X7 receptor (P2X7R) has been implicated in the process of multinucleation
and cell fusion. The P2X7R is a 595 amino acid plasma membrane receptor with
approximately 40% sequence identity to other members of the P2X purinergic family [20]. It
has been shown that blockade of P2X7R on osteoclast precursors using a blocking antibody
inhibited multinucleated osteoclast formation in vitro [21]. Conversely, P2X7R deficient
mice maintain the ability to form multinucleated osteoclasts [22].

In the present study, we studied the effect of vibration on osteoclast formation by subjecting
osteoclast precursor RAW264.7 cells to vibration with magnitude of 20 um displacement at
frequency of 4 Hz. The aim of this study was to investigate whether mechanical vibration of
RAW264.7 cells affects osteoclast formation by involvement of fusion-related molecules
such as DC-STAMP and P2X7R.

2. MATERIAL AND METHODS

2.1. Cell culture

RAW?264.7 (ATCC, Manassas, VA) cells between 10-14 passages were used for the
osteoclast formation assay. RAW264.7 cells were cultured up to near-confluency in 75 cm?
culture flasks using a-MEM supplemented with 10% fetal bovine serum (ATCC, Manassas,
VA), 100 1U/ml penicillin and 100 pg/ml streptomycin (Cellgro, Manassas, VA) at 37°C and
5% CO? in air.

2.2. Mechanical vibration setup

The experimental setup outlined in Fig. 1 contained both mechanical and electrical
components that interface to form a complete mechatronic test system. The core of the
mechanical component was a ThorLabs Max Series Modular Flexure Stage (MAX303) with
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a DRV120 actuator. The output of the stage was connected to an adapter plate which fits the
regular cell culture plate. The core of the electrical system was a laptop running National
Instruments (NI) Labview. The interface between the computer and all electrical
components was done through an NI USB-6211 multifunction bus powered data-acquisition
box (DAQ). The DAQ provided the input signal to a closed-loop piezo controller (Thorlabs
BPC201) specifically designed for the DRV120 actuator. The controller provided the
necessary control signal (including amplification) to the piezo. All high level control to the
system was made through a custom graphical user interface (GUI) in Labview. After starting
the GUI, the user chose the signal type (sinusoidal, square, trapezoidal), amplitude, and
frequency as well as the total testing time. In this study, we specifically chose sinusoidal
wave, magnitude of 20 um displacement (peak to peak), frequency of 4 Hz and a total
testing time of 1 hour. The entire mechanical component of this vibration system was
housed in a thermo box at 37°C. A control was also done inside the thermo box. The cell
cultures were placed on the flexure stage, but the vibration was not turned on.

In previous study in which we found that physiological chewing (vibrational) load
maintained alveolar bone in mice [12], which is supported by a recent study [13]. Our
vibration parameters were determined on the following rationale: 20 um displacement was
the first phase of displacement in periodontal ligament of rat molar under functional loading
[23], and 4 Hz was the chewing (vibration) frequency in mice [24]. As shown in Figure 1,
the 20 um displacement was generated and measured with an imbedded strain gauge
provided in the Thorlabs peizoelectric actuator. The control of the actuator was provided by
the off-the-shelf Thorlabs BPC controller. In order to confirm the vibration of the cell
culture plate on which the cells were seeded, an external accelerometer was attached to the
cell culture plate in a separate confirmation vibration experiment.

2.3. Mechanical vibration

RAW264.7 cells between passages 10-14 were harvested using cell scraper and seeded at
1.7x103 cells/well in 96-well tissue culture plates in a-MEM with 10% FBS and antibiotics.
To induce osteoclast formation, RAW264.7 cells were incubated with or without 20 ng/ml
mouse recombinant RANKL (R&D systems, Minneapolis, MN). After overnight seeding,
the cells in the vibration group were subjected to mechanical vibration with 20 pm
displacement at frequency of 4 Hz for 1 hour (Figure 1). The cells in the control group were
treated under the same condition as the cells in the vibration group but without turning on
the vibration. To avoid possible fluid perturbation within the wells when vibrations were
applied, culture wells containing RAW264.7 cells of both the vibrated and non-vibrated
groups were completely filled with 300 pl culture medium and tightly sealed with gas
permeable sealing film (Excel Scientific, Victorville, CA) immediately prior to vibration.
After 1 hour of vibration, the cells were either kept in culture for 5 days to assay osteoclast
formation, or lysed immediately for total RNA isolation or post cultured for 6 hours for
protein isolation and analysis as described below.

2.4. Osteoclast formation

RAW264.7 cells were seeded at a density of 1.7x103 cells/well in 96-well tissue culture
plates. To induce osteoclast formation, RAW?264.7 cells were incubated with 20 ng/ml
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RANKL. After overnight seeding, the cells in the vibration group were subjected to 1 hour
of mechanical vibration per day for 3 consecutive days. The control group did not receive
vibration. Culture medium containing 20 ng/ml RANKL was refreshed after 2 days. After 5
days of culture, the cells were fixed in 4% formaldehyde in PBS for 10 minimums. Fixed
cells were washed with PBS, and stained for tartrate-resistant acid phosphatase (TRACP)
according to the manufacturer's instructions (Sigma-Aldrich, St. Louis, MO). The number of
TRACP-positive multinucleated (3 or more nuclei per cell) were counted using a Leica DM
IL microscope (Leica, Wetzlar, Germany) equipped with a 10x objective.

To neutralize DC-STAMP protein produced, RAW?264.7 cells were treated with 15 pug/ml of
mouse anti-DC-STAMP (EMD Millipore Corporation. Billerica, CA). RAW264.7 cells were
incubated with 20 ng/ml RANKL with or without mouse anti-DC-STAMP antibody. Culture
medium containing 20 ng/ml RANKL and fresh anti-DCSTAMP antibody were refreshed
after 2 days. Multinucleated TRACP-positive cells were counted after 5 days of culture.

2.5. Analysis of gene expression

Real-time polymerase chain reaction (PCR) was used to determine gene expression of DC-
STAMP, P2X7R, and the housekeeping gene GAPDH (all primers from Applied
Biosystems, Foster, CA). Total RNA was isolated using absolutely RNA miniprep kit®
(Agilent Technologies, La Jolla, CA) according to the manufacturer’s instructions. cDNA
synthesis was performed using 0.5-1 pg of total RNA in a 20 pl reaction mixture consisting
of 5x VILO™ reaction mix and 10x SuperScript® enzyme mix (InVitrogen, Calrsbad, CA).
Real time PCR reactions were performed using Tag-Man® Gene Expression assays
(Applied Biosystems) in a StepOne™ real-time PCR system (Applied Biosystems). Gene
expression values were normalized to that of the housekeeping gene GAPDH.

2.6. Western blot analysis

The cells were washed quickly with cold PBS (1x), lysed with 2x sample buffer and
immediately boiled for 5 minutes. The lysis buffer contained 5 mM HEPES (pH 7.9), 150
mM NaCl, 26% glycerol (v/v), 1.5 mM MgCl2, 0.2 mM EDTA, 0.5 mM dithiothreitol and
0.5 mM phenylmethylsulfonyl fluoride. Before separation, the protein samples were
centrifuged at 14,000x g for 10 minutes at room temperature to remove any cellular debris.
Fifty micrograms of whole-cell lysate and a pre-stained molecular weight marker (Bio-RAD
Laboratories, Hercules, CA) were boiled for 5 minutes, separated by 10% SDS-
polyacrylamide gel electrophoresis and electrotransferred to a nitrocellulose membrane.
Membranes were blocked in Tris-buffered saline containing 5% nonfat dry milk (Bio-RAD
Laboratories) and 0.1% Tween-20 (TBST) and incubated with 2 pg/ml mouse anti-DC-
STAMP (EMD Millipore Corporation, Billerica, CA) or mouse anti-GAPDH (1:1000
dilution, Cell signaling, Beverly, MA) antibodies overnight at 4°C. Following three washes
in TBST, the membranes were incubated with the goat anti-mouse 1gG hydroperoxidase
conjugated secondary antibodies (1:5000) for 1 hour at room temperature. Immunodetection
was performed using the enhanced chemiluminescence (ECL) method. Densitometry
measurement was made by using Fuji Imaging software. For quantification, densitometries
of DC-STAMP gel bands were normalized to that of GAPDH.
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2.7. Statistics

In this study, each single experiment was repeated for at least 3 times on three different
passages of RAW264.7 cells. Data were presented as mean =+ SD in graphs. Differences
between the means were statistically analyzed using one-way ANOVA with Tukey’s post
hoc correction, and the significance was considered when P values were less than 0.05.

3. RESULTS

3.1. Mechanical vibration directly inhibits osteoclast formation from RAW264.7 cells

RAW?264.7 cells cultured for 5 days in the presence of RANKL resulted in formation of
TRACP-positive multinucleated cells (Fig. 2A). Mechanical vibration of RAW264.7 cells
inhibited the formation of osteoclasts, as assessed by the number of TRACP-positive
multinucleated cells after 5 days of culture (Fig. 2A). Mechanical vibration compared to
static control conditions significantly inhibited the number of TRACP-positive
multinucleated cells (Fig. 2B) in all groups representing the number of nuclei per cell.

3.2. Mechanical vibration reduces DC-STAMP gene and protein expression

Since mechanical vibration inhibited the formation of osteoclasts, we then investigated
whether mechanical vibration alters expression of cell fusion-related molecules, such as DC-
STAMP and P2X7R by RAW?264.7 cells. To assess whether mechanical vibration affects
DC-STAMP expression, RAW264.7 cells were treated with or without 1 hour of vibration.
Addition of RANKL to RAW264.7 cells up-regulated DC-STAMP gene expression by 2.5-
fold and protein expression by 1.5-fold compared to the RANKL-untreated cells.
Mechanical vibration significantly down-regulated DC-STAMP gene expression by 1.6-fold
in the presence of RANKL and by 1.4-fold in the absence of RANKL (P < 0.05) (Fig. 3A).
We also found that vibration decreased DC-STAMP protein production in RAW?264.7 cells
by 1.4-fold in the presence of RANKL and by 1.2-fold in the absence of RANKL (P < 0.05)
(Fig. 3B).

3.3. Mechanical vibration does not affect P2X7R gene expression

Next, we determined whether mechanical vibration affects P2X7R gene expression by
RAW?264.7 cells. As shown, mechanical vibration did not affect P2X7R gene expression in
the presence and absence of RANKL (P > 0.05) (Fig. 4); however, we found that RANKL
reduces P2X7R gene expression by 2.7-fold in RAW264.7 cells.

3.4. Inhibition of DC-STAMP reduces osteoclast formation from RAW264.7 cells

Since mechanical vibration significantly down-regulated DC-STAMP gene expression and
protein production, we further studied whether inhibition of DC-STAMP in the absence of
mechanical vibration could modulate the formation of osteoclasts. RAW?264.7 cells were
treated with or without mouse anti-DC-STAMP antibody in the presence of RANKL to
neutralize DC-STAMP production. We found that 15 ug/ml concentration of mouse anti-
DC-STAMP antibody inhibited the number of TRACP-positive multinucleated cells
compared to control conditions (P<0.05) (Fig. 5).
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4. DISCUSSION

In this study, we found that mechanical vibration inhibited osteoclast differentiation and
fusion by suppressing DC-STAMP expression. These results are in agreement with a
previous study showing that mechanical stress reduces osteoclast formation through DC-
STAMP [25]. Furthermore, we found that gene expression of P2X7R, which is implicated in
the process of multinucleation and cell fusion, did not change in response to vibration.

Osteoclast formation in vivo is thought to be induced by direct cell-cell contact of pre-
osteoblastic/stromal cells with monocyte/macrophage osteoclast precursors [14]. Osteoblast
lineage cells secrete key molecules, RANKL and macrophage colony stimulating factor (M-
CSF), responsible for osteoclast differentiation. RANKL stimulates osteoclast precursors to
commit to the osteoclastic phenotype by binding to its receptor, receptor activator of nuclear
factor kappa B (RANK), on the surface of osteoclast precursors [16]. We found that
mechanical vibration of osteoclast precursor cells inhibited RANKL-stimulated osteoclast
formation. This is consistent with previous findings that low- magnitude high-frequency
mechanical vibration of osteoclast precursor RAW264.7 cells inhibits osteoclast formation
[4]. Unlike the study by Wu and colleagues [4], the culture wells containing RAW?264.7
cells in this study were completely filled and tightly sealed with gas permeable sealing film
immediately prior to vibration. This prevented fluid perturbation within the wells and thus
possible fluid shear stimulation on the cells when the vibrations were applied, which made it
possible to study the sole effect of vibration on osteoclast formation.

We then investigated the underlying mechanism of the vibration induced reduction of
osteoclast formation. Since it has been shown that DC-STAMP and P2X7R molecules have
an important role in the fusion of osteoclast precursors, we examined the role of DC-
STAMP and P2X7R in the vibration induced inhibition of osteoclast formation. DC-STAMP
is also found in macrophages and osteoclasts and is essential for the multinucleation of
osteoclasts in the presence of RANKL and M-CSF [18]. Animal studies with DC-STAMP
knockout mice suggest a critical role of DC-STAMP for osteoclast precursor fusion, since
these mice have few multinucleated TRAP-positive osteoclasts and have increased bone
mineral density [17, 18]. In contrast, experiments in DC-STAMP transgenic mice revealed
accelerated bone resorption and a concomitant decrease in bone mass [19]. We found that
mRNA and protein levels of DC-STAMP in RAW264.7 cells decreased in response to
mechanical vibration along with a decrease in the number of osteoclasts. Moreover,
inhibition of DC-STAMP with anti-DC-STAMP antibody reduced the number of
osteoclasts. This suggests that mechanical vibration inhibits osteoclast formation by down-
regulation of DC-STAMP expression in osteoclast precursor cells thereby inhibiting cell-cell
fusion to form osteoclasts.

We then determined the effect of mechanical vibration on P2X7R gene expression. We
found that mechanical vibration did not affect P2X7R gene expression in RAW264.7 cells.
Therefore, P2X7R might not have a role in the vibration induced reduction in osteoclast
formation. Interestingly, RANKL in the absence of vibration significantly reduced P2X7R
gene expression in RAW264.7 cells. Moreover, the P2X7R deficient mice displayed higher
number of osteoclasts and increased bone resorption compared to their wild-type littermates
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[22]. It is likely that P2X7R plays an intrinsic role in the process of osteoclast formation,
however, this hypothesis needs further study.

It is widely accepted that mechanical loading of bone activates the osteocytes, which
produce signaling molecules that have been shown to modulate the activity of osteoclasts
[26-29]. Based on our results, it is possible that osteoclast precursor cells might also sense
mechanical loading and modulate osteoclast formation. However, it is very challenging to
use an in vivo model to confirm the direct effect of vibration on osteoclasts, which are
regulated by many factors, including the osteocytes derived RANKL in response to
mechanical vibration [3].

Osteoclast precursors are derived from hematopoietic stem cells residing in bone marrow
confined by bony structures. Following the sequence of the differentiation of osteoclasts
from early stage to mature, they migrate from the bone marrow to the surface of bone to be
functional. In general, three mechanical factors exist in the bone marrow, namely hydrostatic
pressure, viscosity and fluid shear stress [32]. A review of the current literature shows that to
date there are no data showing how much of any of the three mechanical factors is sensed by
osteoclast and its precursors in vivo. When the mononucleated precursors fuse to become
multinucleated osteoclasts, the latter ones are closer or attached at the surface of the bone
matrix, e.g. trabeculae. Although there is no direct evidence showing that cells attached to
the bone matrix experience direct matrix deformation, computational models have shown
that cells lying on the surface of bone would be sensitive to changes in the loading pattern,
but less sensitive than the osteocytes embedded within the calcified matrix [39—-40]. Further
research examining the direct effect of loading on osteoclast precursor cells attached to the
bone surface is needed to prove the direct regulation of osteoclastogenesis in response to
load. According to some recent in vitro studies, however, neither mechanical strain [30] nor
fluid shear stress [3, 31] seems to be the cause of the vibration induced response in bone
cells. The effect of hydrostatic pressure due to the very limited amount of medium (300 pl/
well) is also negligible in this study. This raises a larger question of what might be the
mechanotransduction pathway, through which osteoclast formation is reduced by vibration.
More studies will need to be done in the future.

In vivo, mesenchymal stromal cells and hematopoietic cells both reside in bone marrow, but
they might respond to different type of mechanical load. Experimentally, mesenchymal stem
or stromal cells (MSC) have been shown to be responsive to several forms of mechanical
loading, e.g. mechanical strain [33-34] and fluid shear stress [35-37]. However, Lau et al
(2011) failed to find the response of rat mesenchymal stromal cells to the low-magnitude
(0.3 g) high-frequency (60 Hz) vibration [38]. Based on these previous studies and the
findings in this study, it is speculated that mechanical vibration might particularly affect
hematopoietic cells leading to osteoclast formation rather than mesenchymal cells, resulting
in the ultimate anabolic effect of vibration on bone. Considering the uniqueness of osteoclast
formation and the vibration regime (20 um displacement and 4 Hz) used in this study, it may
not be meaningful to compare our results to those from other vibration studies using totally
different cell types and vibration regimes.
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Although our study provides valuable insight into the role of DC-STAMP in the vibration
induced inhibition of osteoclast formation, it has some limitations. Our experimental model
does not exactly mimic the actual in vivo situation because osteoclast precursors in our study
were seeded on a flat, stiff substrate while osteoclast precursors in vivo live in a different
matrix environment, i.e. in bone marrow. In this study, we only applied vibration of 20 um
displacement at a frequency of 4 Hz. This low frequency and displacement provides very
small acceleration and consequent forces acting on the cells. It is possible that other
unknown factors may cause the observed response. Whether the vibrations of other
magnitudes and frequencies (e.g. low-magnitude high-frequency vibration as typically used)
produce a similar inhibitory effect on osteoclast formation through DC-STAMP is not
known, and is the next question to be answered. Although our data show that DC-STAMP
likely mediates the vibration induced reduction of osteoclast formation, there could be other
signaling molecules involved in the vibration induced reduction of osteoclast formation,
which would need to be further studied.

In conclusion, mechanical vibration of osteoclast precursor cells significantly inhibited
osteoclast formation. Based on our results, mechanical vibration reduces DC-STAMP
expression in osteoclast precursor cells leading to the inhibition of osteoclast formation. A
better understanding of the underlying mechanism in the vibration induced inhibition of
osteoclast formation might contribute to new treatment modalities to treat diseases such as
osteopenia or osteoporosis. Mechanical vibration could be a non-pharmaceutical means for
treatment of diseases like osteoporosis.
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Figure 1.
Experimental set-up. A rigid platform was custom-made to fit a standard multi-well tissue
culture plate. A vertical vibration (20 um displacement at 4Hz) was generated by a modular
piezoelectric device and controlled by a piezo amplifier and controller connected to a
(13 computer equipped with a VibeLab user interface. An accelerometer was attached to the
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Fig. 2. Effect of mechanical vibration on osteoclast formation
Mechanical vibration significantly inhibited the total number of TRACP* multinucleated

cells (A) and in all subgroups representing the number of nuclei (3-5, 6-10, 10-15, >25) per
cell (B) compared to the control (**P < 0.01, *P < 0.05,n =7).
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Fig. 3. Effect of mechanical vibration on mRNA and protein expression of DC-STAMP in RAW
264.7 cells

Mechanical vibration significantly down-regulated DC-STAMP gene expression by 1.6-fold
in the presence of RANKL and by 1.4-fold in the absence of RANKL (A). Mechanical
vibration significantly decreased DC-STAMP protein production by 1.4-fold in the presence
of RANKL and by 1.2-fold in the absence of RANKL (B) (*P <0.05, n = 3). A
representative WB results was shown.
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Fig. 4. Effect of mechanical vibration on mRNA expression of P2X7R in RAW 264.7 cells
No difference was seen between vibration and non-vibration groups, either with or without

RANKL. However, RANKL reduced P2X7R mRNA expression by 2.7-fold (*P < 0.05, n =
7).
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Fig. 5. Effect of DC-STAMP inhibition on osteoclast formation in RAW cells
15 pg/ml of mouse anti-DC-STAMP antibody inhibited the total number of TRACP+

multinucleated cells compared to control (*P < 0.05, n = 3).
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