AL L (1)

L—FHEIS I K DB FEANEEZ AV
FHIRETT VT v b OEEEREYGE

2012 £EBE

BESRBNRFR G T 5

g BT



¥ W X # F

WwERS | H 5 252 K 4 LR A
I i L E H
L—PBEIS I L DB EAEE AV
FHRGETT VT v b OEEERENS E
(NEDOHEET)

BFRHREL, EEMCAR—VIME e Sl TSR M3 b, FRESEE N
BIET2WRIETH D, BIE, BRI 10 HADBRENND L I TWDEN, FFEBOH
FH %L, IO DRI LD B EAEROARE B SRS Z RER L STV 5.
LML, MRS OEEREDIR S 0B IUE E TITHEMIREIC X > TRbNEE2 RIiE T 5
T2 D DEN BRI SIUTUOeV . BIFFSNATERIED—2 L LT, BIZ TIRENE
FEEZEDTND. 7277 LHRRR AR & T 5720, REpHl & 722 238 5 8B
(ZITRRCEm VR, REENE 36 JOWHHRIEIEMED SR HID. FAUTNA <, Fhil3E
ROMES CH ENIARRHIRR Ch D720, AARGE E CIRERIE 128N TE DRIV
Th .

L—HZ WS B FEANEL, TR/ —DZEHEY - BAHIEE SO 2 210z T,
W7 7 ANERNDZ L2 L Y, BRBEEH RO TERIE S BTl 7 — T B s fEIR
ERETEL L VST BREAHAZ TS, TORTY, BEEA~D, LA L—H R &
> CRET 5 L— S /i (laser-induced stress wave, LISW) % FV /5@ s FEAEIL, —
FEDORA TEATE DM 2L, ISR E 0 HEEDY D72 RN EARIR T 5729
GEEHERR A~ AN TRETH 5.

AWFFEE, LISW 2 X B35 HEAHIT 2 AW - BRHRIEO&E s EFE L2 B E LT b
NI=bDOTHS. A SUIRO 6 FTRERL S TN 5.

F 1 EIFmCH D, BANTERRE IR 2 BUTOIREE L IR S QO D IBI6 TR
[ZOWTHERT 5. IRWT, BB FIRIROIRSELfT & 72 518 5 HEAEOWSTE A & Hifir
AEEA AR L7 BT, AWEO B EBREZ BRI TS,

0Bl LISW OFAR L OYGHIFERI O Tk 7-4%, BBEORESERERA VT T
572 LISW ORI ORE R & BE2 5 7R L CVD. BB~ DI LEIR ) il s
NE RS D T2 OB WA E S S QD Z L ZH BN LT

B3 ETIL, ET v hOTREERRE IR E L, LISW I2X D LR—2 —8nf-0EA
FEFATOWTIINRD, ZOn FREORHEN D, FEZIRO L— 1T A— 2K, 5%
BRI OFEIVE, SEBVMIRE, X O ICASEE TEARIRO RSN EA 2 L=,

FA4ETIE, 3 ECHLNCEE TR SE, FHRETT LT v MextgIc
7' TRER O A D38 n 28 A L, ZOiEEEREIC BT 25 L=, 7' 7THER
TERRD %48 9 PR 7 4 T A2 N2 L B OPNIRI N Z T, MR 5 Ml 21 T
VY, BE TR ORSRESGE 2 2 AR TIRAE LT,

%5 T, LISW I X AFREHBE OB FHRREIN 2 BRE CIoHT 57200, 77
A N AN T —T UG BT S ZADBPEIZHOWN TR TS,

W56 B IAMIZE DR T D, AFEORREARIE L, SHBOEHEEZIR~NTN 5.




SUMMARY OF Ph.D. DISSERTATION

School Student Identification Number SURNAME, First name
Integrated Design Engineering ANDO, Takahiro

Title
Laser-induced stress wave-driven gene transfection for

restoration of locomotive function after spinal cord injury in rats

Abstract

Spinal cord injury (SCI) refers to damage to the spinal cord resulting from traffic accidents, falls,
sports or other accidents. SCIs cause loss of autonomic, sensory and motor functions, and recovery of
these functions cannot be expected due to the difficulty in tissue regeneration of the central nervous
system (CNS). Thus, SCI patients are left with serious residual disabilities, such as respiratory difficulty,
chronic pain, and neurologic decline, leading to a considerable decrease in quality of life. Unfortunately,
no effective therapeutic treatment for SCI has been established. As a promising treatment for SCI, gene
therapy has been attracting much attention. For successful gene therapy of SCI, however, it is necessary
to develop a safe and efficient method for delivering foreign therapeutic genes into the injured spinal
tissue with high spatiotemporal accuracy. In addition, the method requires the ability to treat
deep-located tissue, because a spinal cord is protected and surrounded by a vertebral column.

Laser-mediated gene transfer has a great potential to achieve targeted gene transfection because of
the high spatial controllability of laser energy. Furthermore, since laser energy can be transmitted
through an optical fiber, catheter-based gene transfer may come into practical use. Lasers have been
mainly used for direct irradiation of cells or tissue to perforate the cell membrane for gene delivery.
However, this approach is not applicable to deep tissues, because the optical penetration depth is limited.
Gene can also be transferred by use of laser-induced stress waves (LISWs) which are generated by
irradiating a solid target with nanosecond pulsed laser. By using LISWs, many cells can be transfected
simultaneously and deeper tissues can be treated, since the stress waves can propagate much more
efficiently in the optically highly scattering tissues than the laser light. These characteristics are greatly
advantageous to LISWs to treat SCI, because local gene expression is required especially in the CNS to
avoid unnecessary gene expression in the uninjured sites. The goal of this dissertation is to achieve
therapeutic treatment of SCI by using LISW-mediated gene transfection. This dissertation consists of six
chapters.

Chapter 1 presents an overview of existing therapeutic strategies for SCI, including gene therapy.
Next, the technical development of gene transfection methods and the potential issues are reviewed, and
then the objective of this study is described.

Chapter 2 describes the physics of the generation and propagation of LISWs, and measurement of
the physical characteristics of LISWs in phantoms mimicking the acoustic properties of spinal cord.

Chapter 3 describes the experiment of reporter gene transfer to rat spinal cords. Properties of the
gene expression such as the dependence of transfection efficiency on the laser parameters,
site-selectivity of gene expression, and the safety of LISW-driven gene delivery into the spinal cord are
presented.

Chapter 4 presents the transfer of silencing genes for glial scar formation into the injured spinal
cords of rats to study the restorative effect of locomotive function after trauma. The experimental results
for promoting axonal growth, such as silencing of the glial proteins and decrease of the cavity area in the
injured spinal cords, are described.

Chapter 5 describes the development of an optical fiber-based gene transfer system for endoscopic
application of LISW-mediated gene therapy of SCL

Chapter 6 is the conclusion of this dissertation. The results of this study are summarized and the
future perspective is given.




