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Effects of whole body vibration on cancer-induced bone destruction
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Bone tumor destruction may be interfered by whole body vibration (WBV)
because of its bone anabolic action. However, WBV also potentiates angiogenesis, providing a
favorable tumor environment. Thus, we investigated the effect of WBV on bone tumor destruction and
angiogenesis. Mice with tibial bone inoculation of breast cancer cells were exposed to WBV (90Hz, O.
39, 20 min/day) and compared with those undergoing no WBV exposure. On day 28 post-inoculation, the
tumor region was perfused with a contrast agent and CT-scanned. Lesions of osteolysis and new bone
formation increased and decreased, respectively, and the tumor vascularity was enhanced by the WBV
exposure, implying the involvement of angiogenesis in the WBV-enhanced tumor malignancy. These
results were confirmed by in vivo phase-CT and bone marker analysis. The possibility of anti-bone
resorption effect of WBV cannot be completely denied though, because of its dose-dependent efficacy
for osteogenesis.

CT



QOL

RANKL(ligand for receptor activator of
nuclear factor)

TGF-p
[Roodman, N Engl JMed 2004]
(WBV: Whole-body
Vibration)
RANKL

[Pichler
WBV

WBV
b"hﬁﬁfﬁ%
T

6 RANKL |

, Histol Histopathol 2013]

L4

L6 RiE e > RANK /o
TNF-a TGF-B
PTHrFI’;itc. RANKL]”t_ SEREAL BMPs, etc

e 322 BHm
WBV
WBV
CT
() exvivo
BALBI/c Q) 6
(4T1 1x10° )
Cc2 (n=10) W2  (=9) C4
(n=14) W4 (n=13) 4
4T1 3 W2 W4

WBV (0.3 g 90Hz 20 min/day)
C2 C4
WBV
2 (W2 c2 ) 4 (W4
c4 )
/
[Matsumoto , Lab Invest

2013]

CT

SPring-8
CT (1800
3.95 pm)
K- (18 keV)
X (18.1 179 keV)
18.1 keV
17.9 keV

/180

(0.5-1.2 g/em’) (>12 g/em’)

« )
ImageJ/BonelJ
1 mm 2 mm
300 um

Tibial bone

Tumor vasculature

< 1.6
c’51.2
§ 0.8
g 04
“ o0
05 07 09 1.1 13 15
Mineral density [g/cm?3]
( )invivo
BALB/c @ 7
4T1 (2x10* )
C (n=15) W (n=15)
4 WBV (0.3 g 90 Hz
20 min/day) C
WBV 3
in vivo CT 4Tl 3
1 4 (week 0-3)

SPring-8



4T1

in vivo CT
2 mm
(600 /180 6.54
pm)
«C )
0.5 mm 1
0.5 g/em’
|
0.5mm  resorption
\ )
overlapped /
R
formation
ELISA (
) (TRACP-5b)
WBV
10
(100-Hz
) WBV
lue
23
@ 24+
—90Hz —O0Hz
-25 T T T T
0 0.04 0.08 0.12 0.16 [sec]
C2 w2
Cc4 w4
(P<0.05) w4 Cc4
«C )
( )
pre-B volume new-B volume
03 frr] P=0.077 0.8 () P=0.050

0.2

0.1

C4 W4

C4 W4

Vascular volume

0.01

3
2[7"7" 1

(pre-B) (new-B)
Vascular diameter

20 P=0.050

P=0.051
—

0.008 30
20
0.004 10
C4 W4 C4 W4
( )
Vascular volume Vascular diameter
0.05™™"1 =001 40P
0.04 30
0.03
0.02 20
0.01 10
0
C4 W4 C4 W4
( )
in vivo CT
WBV
1
week2
C \\% WBV
week1-2 \\%
WBV
( )

Bone volume changes

0.2

Bone resorption[%]

New bone [%]

week0

weekl week2 week3

week0 1

100
80
60
40
20

0

60

40

20

week0-1 weekl-2 week2-3
( )

week0-1 weekl-2 week2-3



( ) Body Vibration on Breast Cancer Bone

C W Metastasis and Vascularization in Mice,
TRACP-5b (83 vs. 7.2 Physiology 2016, 2016.7.29, Dublin, Ireland
U/L  p<0.05) D) )
(59.8 vs. 56.4 ng/mL)
WBV 91 . 2016.3.11,
WBV VEGF T. Matsumoto, S. Itamochi, S. Sato, Bone and
( ) Microvascular Imaging by K-edge
Subtraction uCT Using Synchrotron Lights
With Zirconia Contrast Medium, 10th World
Cong. Microcirc., 2015.9.25, ICC Kyoto,
Kyoto
5-10  WBV
WBV
)]
MATSUMOTO, Takeshi
WBV
WBV 2
[Pasqualini HYAKUTAKE, Toru
Bone 2013]
MIYAZAKI, Hiroshi
WBV
26
3 FUKUSHIMA, Shuichiro
T.  Matsumoto, D. Goto, Effect of
low-intensity whole-body vibration on bone
defect repair and associated vascularization in 27
mice, Med. Biol. Eng. Comput., in press,
2017 3)

T. Matsumoto, S. Itamochi, Y. Hashimoto,
Effect of Concurrent Use of Whole-Body
Vibration and Parathyroid Hormone on Bone
Structure and Material Properties  of
Ovariectomized Mice, Calcif. Tissue Int.,
vol.98, pp.520-529, 2016

Y. Hashimoto, S. Fukushima, T. Matsumoto, UESUGI, Kentaro
H. Naito, M. Tanaka, Second Harmonic
Generation Microscopy and Synchrotron
Radiation CT for the Determination of
Collagen and Mineral Deposition in
Early-Stage Bone Repair: Effect of Whole
Body Micro-Vibration, Adv. Biomed. Eng.,
vol.3, pp.101-105, 2014

FUKUSHIMA, Takashi

4

| —

CT , JBMES 2016,
2016.9.17,

T. Matsumoto, S. Itamochi, Effects of Whole



