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Low-energy extracorporeal shock wave therapy promotes VEGF expression and neuroprote
ction and improves locomotor recovery after spinal cord injury

OZAWA, Hiroshi
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The present study investigated whether the low-energy ESWT can increase VEGF expre
ssion to provide neuroprotective effect and enhance the locomotor recovery after SCI in rats. Adult female
Sprague-Dawley rats were divided into four groups: Sham group (laminectomy onlﬁ), Sham-SW group (ESWT app
lied after laminectomy), SCI group and SCI-SW group (ESWT applied after SCI). The low-energy ESWT was appl
ied to the injured spinal cord 3 times a week for 3 weeks after SCI. The low-energy ESWT significantly red
uced neuronal loss in damaged neural tissue. Furthermore, locomotor function was significantly improved in
animals in SCI-SW group compared to SCI group after SCI. These results demonstrated that the low-energy E
SWT enhanced neuroprotective effect of VEGF and improve locomotor recovery following SCI.

VEDF



VEGF

VEGF

VEGF

VEGF

VEGF
Brain-derived neurotrophic factor;

BDNF

76 4
Sham
Sham-SW
SCI
SCI-SW
New York
University Impactor 10
3 3
1 42

BBB score Basso, Beattie and
Bresnahan score

2 7 42
HE 42
NeuN
3 7 21
VEGF FIt-1 BDNF
TrkB  mRNA RT-PCR
4 7 VEGF VEGF
1 Sham Sham-SW BBB score
SCI-SW SCI
28 35 42
20 1 *  kk kk
o 15 A
o
@
o 101
m
ms-
——SCIl-SW
0 T T T T T 1

0 1 7 14 21 28 35 42

12 -O=SClI * o okk kk
—&—SCI-SW
® 10
o
g 8
Q
3 6
@ 4
m
2 1 _5-0=0=0
0 - — —
0 1 7 14 21 28 35 42
1.
BBB score BBB subscore
2 HE NeuN Sham-SW
42
SCI SCI-SW
- 500 ik oscl
..%400 uSCI-SW
oo
E G 200
29
o £ 100
F3 0 . . .
s Rostral Rostral Caudal Caudal
1500pm 1000pm 1500pm 1500pm
2. 42 SCI SCI-SwW NeuN
3 7 VEGF  FIt-1 BDNF
TrkB  mRNA  SCI SCI-SW
4 7 VEGF SCI

SCI-8Sw VEGF

x

O =2 N W & OO o

The Integrated density of =
VEGF staining

Rostral Rostral Epi- Caudal Caudal
1500pm 1000pym center 1000pm 1500pm

3.7 SCI SCI-SW VEGF

9

(1) Yamaya S, Ozawa H, Kanno H, Kishimoto
KN, Sekiguchi A, Tateda S, Yahata K, Ito
K, Shimokawa H, Itoi E.

Low-energy extracorporeal shock wave
therapy promotes VEGF expression and
neuroprotection and improves locomotor
recovery after spinal cord injury. Journal
of Neurosurgery. J Neurosurg. in press



(2) Kanno H, Pressman Y, Moody A, Berg R,
Muir EM, Rogers JH, Ozawa H, Itoi E, Pearse
DD, Bunge MB. Combination of engineered
Schwann  cell grafts to  secrete
neurotrophin and chondroitinase promotes
axonal regeneration and locomotion after
spinal cord injury. J Neuroscience. Jan
29;34(5),2014,1838-55. DOI:10.1523

(3) Takahashi K, Ozawa H, Sakamoto N,
Minegishi Y, Sato M, Itoi E. Influence of
intramedullary  stress on  cervical
spondylotic myelopathy. Spinal Cord.
Oct;51(10), 2013, 761-4. DOI: 10.1038

(4) Kanno H, Ozawa H, Sekiguchi A, Yamaya
S, Tateda S, Yahata K, Itoi E. The role of
mTOR signaling pathway in spinal cord
injury. Cell Cycle. Sep 11, 2012, 3175-9.
DOI: 10.4161

(5) Sekiguchi A, Kanno H, Ozawa H, Yamaya
S, ltoi E. Rapamycin promotes autophagy
and reduces neural tissue damage and
locomotor impairment after spinal cord
injury in mice. J Neurotrauma. 29, 2012,
946-56. DOI: 10.1089

(6) Serizawa F, Ito K, Kawamura K, Tsuchida
K, Hamada Y, Zukeran T, Shimizu T, Akamatsu
D, Hashimoto M, Goto H, M Watanabe T,
Sato A, Shimokawa H, Satomi S.
Extracorporeal shock wave therapy
improves the walking ability of patients
with peripheral artery disease and
intermittent claudication. Circ J, 76,
2012, 1486-93.
http://www._ncbi.nlm.nih_gov/pubmed/2244
7002

(7) Hayashi D, Kawakami K, 1to K, Ishii K,
Tanno H, Imai Y, Kanno E, Maruyama R,
Shimokawa H, Tachi M.

Low-energy extracorporeal shock wave
therapy enhances skin wound healing in
diabetic mice: a critical role of
endothelial nitric oxide synthase. Wound
Repair Regen. 20, 2012, 887-95. DOI:
10.1111

(8) Kanno H, Ozawa H, Sekiguchi A, Yamaya,
S, Itoi E. Induction of autophagy and
autophagic cell death in damaged neural
tissue after acute spinal cord injury in
mice. Spine. 36, 2011, E1427-34. DOI:
10.1097

(9) Ito K, Fukumoto Y, Shimokawa H.

Extracorporeal shock wave therapy for
ischemic cardiovascular disorders. Am J
Cardiovasc Drugs. 11(5), 2011, 295-302.
DOI: 10.2165

17

(1) Tateda S, Ozawa H, Kanno H, Yamaya S,
Yahata K, Ito K, Shimokawa H, Itoi E.
Therapeutic Potential of Low- Energy
Extracorporeal Shock Wave for Neuropathic
Pain after Spinal Cord Injury. 60th Annual
Meeting of the Orthopaedic Research
Society. 3/15-18, 2014. New Orleans United
States.

(2) Tateda S, Kanno H, Ozawa H, Yahata K,
Yamaya S, Itoi E. Rapamycin Suppresses
Astrocytic and Microglial Activation and
Reduces Development of Neuropathic Pain
after Spinal Cord Injury in Mice. 60th
Annual Meeting of the Orthopaedic Research
Society. 3/15-18, 2014. New Orleans United
States.

(3) Kanno H, Ozawa H, Tateda S, Yahata K,
Itoi E. Upregulation of RIP3 Expression in
Various Neural Cells after Spinal Cord
Injury in Mice. 60th Annual Meeting of the
Orthopaedic Research Society. 3/15-18,
2014. New Orleans United States.

(4) Yahata K, Ozawa H, Kanno H, Yamaya S,
Tateda S, Ito K, Shimokawa H, Itoi E. Low-
energy Extracorporeal Shock Wave Therapy
Promotes VEGF Expression in Various Neural
Cells and Enhances Neuroprotective Effect
after Spinal Cord Injury. 60th Annual
Meeting of the Orthopaedic Research
Society. 3/15-18, 2014. New Orleans United
States.

(5) Ozawa H, Sato T, Aizawa T, Itoi E,
Kokubun S. Postoperative Spinal Cord
Swelling and Intramedullary Gd- DTPA
Enhancement in Cervical Spondylotic
Myelopathy. 60th Annual Meeting of the
Orthopaedic Research Society. 3/15-18,
2014. New Orleans United States.

(6) , Damien Pearse, Mary Bunge,

28
2013 10 17 —18

Q) . D



28
2013 10 17 —18

® , .,

VEGF

28
2013 10 17 —18

(9) Yamaya S, Ozawa H, Kanno H, Sekiguchi
A, ltoi E. Low-energy Extracorporeal Shock
Wave Therapy Improved Motor Palsy after
Spinal Cord Injury. 2013 Annual Meeting,
American Academy of Orthopaedic Surgeons.
3/19-23, 2013. Chicago, United States.

(10) Kanno H, Pressman Y, Moody A, Berg R,
Muir EM, Rogers JH, Ozawa H, Itoi E, Pearse
DD, Bunge MB. Combination of engineered
Schwann cell implants to secrete
neurotrophin and chondroitinase promotes
axonal regeneration and locomotion after
spinal cord injury. 59th Annual Meeting of
the Orthopaedic Research Society. 1/26-29,
2013. San Antonio, United States.

(11) ’ ’ _—
27

2012 10 26 ~27

(12) , Damien Pearse, Mary Bunge,
27

2012 10 26 —27

(13) Yamaya S, Ozawa H, Kanno H, Sekiguchi
A, Kishimoto KN, Itoi E. Effect of
low-energy extracorporeal spinal shock
wave therapy on spinal cord injury. 58th
Annual Meeting of the Orthopaedic Research
Society. 2/4-7, 2012. San Francisco,
United States.

(14) Sekiguchi A, Kishimoto KN, Hatta T,
Okuno H, Oyanagi T, Ozawa H, Itoi E. The
relationship between temperature and
lubricin expression. 58th Annual Meeting
of the Orthopaedic Research Society. 2/4-7,
2012. San Francisco, United States.

(15) . . ,

26
2011 10 20 —~21
(16) , s ,
autophagy
26

2011 10 20 —21

(17) Sekiguchi A, Kanno H, Ozawa H, Yamaya
S, Itoi E. Autophagy inducer rapamycin S
reduces neural tissue damage and locomotor
impairment after spinal cord injury in
mice. 57th Annual Meeting of the
Orthopaedic Research Society. 2/13-16,
2011. Long Beach, United States.

1
(1) Uchida K, Nakamura M, Ozawa H, Katoh
S. Springer. Neuroprotection and
Regeneration of the Spinal Cord. 2014.
19-30 61-74 83-96 311-322

o
OZAWA HIROSHI
10312463
@
ITO KENTA
503745086



