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Establishment of safe and effective photodynamic therapy by controlling of type
of cell death
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The determination of appropriate condition for inducing tumor selective and
a proper cell death modality in photodynamic therapy (PDT), which is one of the less-invasive tumor
treatment method, is very important for enduring safety and effecacy of PDT.The cell death modality
depends on the condition of PDT. And, PDT effect depends on the amount of reactive oxygen species,
especially singlet oxygen.Then in this study, the relationship between the type of cell death and
cumulated generated singlet oxygen in PDT was investigated by computer simulation.
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PpIX 8.3 0.78 + 0.06

2.8 0.80 £ 0.06

505 5.5 0.81 £ 0.05

PB/TX100 8.3 0.80 + 0.05

2.8 0.73 £ 0.06

630 5.5 0.73 £ 0.06

8.3 0.74 + 0.04

1.8 0.52 +0.03

D-PBS 654 2.7 0.53 £ 0.03

talaporfin sodium 4.0 0.53 £ 0.08

1.8 0.56 £ 0.03

D-PBS/TX100 663 2.7 0.59 + 0.03

4.0 0.59 + 0.02

(2) PDT | & 2 MIIEAE A 5| & 33 Z 3 BN (AR
Wi o—BEIHBEFRED RFEMHE

Miki 512X % &, talaporfin sodium % ff
W7z PDT IZ8BWT, SESMEYEOR G &
Btz RNVX—BE 2B H,
Annexin V-FITC ¥ X WV PI Z T PDT #
DO FEAR D E W & FEAM L 7= 455, PDT 5
HRIZ & > THIRSEAR N B2 5 L E S
TW 5%, Talaporfin sodium 25 ug/mL, X

2]

VT RV —FE 5 Jlem? DFEMHIZHIT D
PDT TiZ7 &R h—v A4 L Al &
DHEIMLZEMESINTWD, LRMEE EIC
WAELZHEMEREHZ Y O —EHHREED
BHEMEAEHET S & 23 mmol/L ThHo7z, F
7= talaporfin sodium 50 ug/mL, ¥ X Utx—=x
VX —EE 5Jlcm?2 TO PDT TiE, 1gL ALY
DR IS 5 L MESHLTVD, 2D
B2 BIZHAELZ B KEH-Y O —FIA
fef &0 RE A5 E T2 & 59 mmol/L &
7o 7-, EFEERSCTIL, talaporfin sodium 25
ug/mL, BLOPZ R /LF—FEE 5 J/em2 TO
PDT OEMFITBNT, TR b= R &5 &8
LB OEASX 62% TH Y, -
talaporfin sodium @?ﬁﬁ%j&?i(ﬁi‘ﬁ:}:*/b
XF—EmEORFEAZEMEELZ LT, 7K
b= ZEROMIE DTG BEMT D & D Z
ETholz, 20D, PDTIZLAT A h—
ANZRWTIE, B S Z 0 O —EHIHE
FEOREENH H2MEE2ERTZERICT A b
—VAPKTELDENI LD L, THRRF—
CANEUCLHERNDEBFHLITI LD D & T
Sz, —F, EEIRIZBW T, talaporfin
sodium 50 ug/mL, BIXORTR/LF—FHE 5
Jlem2 TP PDT OS2IV T, HEIE L 7/l
FaDEE1E 94.6% TH Y, talaporfin sodium
DR LU= RV X — 58 O R & %
MEFETH, FEETCOMENELXLZS &
TLTWe, ZDZ Enb, ERIZBWTIE,
B AT S T2 O —EIHEFMEE RO RHEIMEIX
BRZGEBZITHEMEE LTHRD &%‘Z
bivd, Z ORI E —HEBRERED R
FEAE O PLR DEWIT MR FE D A4 T 7 D
WCHRT 2 B2 oD, EELim I TEEME
ZREHM L TWa PI oYetafklrny, MfafsEs
e SN 7-BRIC DNA LA LIRS b 7z
DIZ, HIRABE O Rk 2 B8 & L TRl LT
%o HIRERE DM TR O IRICER LTk
D,m@®ﬁﬁﬂ~fébhi,m%@%@
IIARFREL 705, MROEEEZSIEEZ 30
L —EHEABBICLD X XTI EOEMNELE
2D, —EHEEESEORRERYE 2 B
ELTHabhb EBExBND,

5. FleREimLE
HEstam ) (BH7140)

1 B B, A% MUK, W
B “AIEM b S ERIGEEZ KB S &
e A A AR L B
77%5’]/"*455%0) DL, EFEOH
W} Ao, A OPE HE, 258 (2016) ,
Pp.1063-1067.

2. mH O fth, A% #UR MOAHE,
A MIE, FEE S ‘Eﬁjﬂﬁﬂﬁ
KIEIZ x5 L — W —ZEH i I
HEEBRERION - T"f?Mzﬂﬂx/\:V
—a U EHWE@ET, BARL—F
—EEaRE, \HEA, 36 (2016),
Pp.440-449.

3.0 R TS, A% #UR, Ry SR,



SEHEH AT R IR R )
IR ARA TR A K D Ot
PEWE O — BTN A AL R T =R O
TN AW, Ao,
0QD-16-32 (2016), Pp.27-32.

WA sk, A% MUK, W OAH,
M R, A Wz, &l &
S,OBEEE R <HUESIREZ RO
T A NARY Z—% F 7o SEAIT
PERISZ IR DS VRIS 5t 5 mh 72
N ITFIIE HR L —F—[EFS
58, facf, 36(2015), Pp.18-24.
mH A, BOAE, A% UL,
BHE AR <L — R IR AR SO
DI alb— g 02 X HEME,” L
TIAT A, BEHiE,  26(2015),
Pp.39-43.

N. Honda, Y. Kariyama, H. Hazama, T.
Ishii, Y. Kitajima, K. Inoue, M. Ishizuka,
T. Tanaka, K. Awazu: “Optical
properties of tumor tissues grown on the
chorioallantoic membrane of chicken
eggs: a tumor model to assay of tumor
response to photodynamic therapy,”
Journal of Biomedical Optics, XA,
20, (2015) pp.125001-1-125001-8. DOI:
10.1117/ 1.JBO.20.12.125001

Mizuho Inai, Masaya Yamauchi,
Norihiro Honda, Hisanao Hazama, Shoji
Tachikawa, Hiroyuki Nakamura,
Tomoki Nishida, Hidehiro Yasuda,
Yasufumi Kaneda,Kunio Awazu:
“Hemagglutinating virus of Japan
envelope (HVJ-E) allows targeted and
efficient delivery of photosensitizer for
photodynamic therapy against advanced
prostate cancer,” OSA Publishing,
Conference Papers, 7% ¢ #, OSA
Technical Digest (online), (2015), paper
OM2D.3.
https://doi.org/10.1364/OMP.2015.0M2
D.3

(%K) (Gt 28 1)

1.

Sachiko Saito, Mizuho Inai, Norihiro
Honda, Hisanao Hazama, Yasufumi
Kaneda, Kunio Awazu: Development of
a photosensitizing drug using
replication-deficient virus particles and
talaporfin sodium for photodynamic
therapy of prostate cancer. RIEC
International Workshop on Biomedical
Optics 2017, Tohoku University,
Department of Electrical, Information
and Physics Engineering, Sendai, Japan
(March 6, 2017).

Norihiro Honda, Hisanao Hazama,
Kunio Awazu: “T-Opt: A 3D Monte
Carlo simulation for light delivery
design in photodynamic therapy,” SPIE

Photonics West 2017, The Moscone
Center San Francisco, California, United
States (January 31, 2017).

o, fEERRE, ALK, A
B, ARfET—E, TRz, el
S, SEERR T ERBEXRHE Y A LR
bir%xx V7 & LIcHBbbEs
W X 206 IR O E T e
DL b= =R PR R
37 FIFERKRE, BERY H=E%
¥ UNA, S RERT (2016 4 1
H9 R

Norihiro Honda, Keisuke Hara, Hisanao
Hazama, Shigetoshi Okazaki, Kunio
Awazu: “Determination of singlet
oxygen quantum yield using
near-infrared luminescence
spectroscopy to improve the accuracy of
PDT  dosimetry  with  computer
simulation,” Photodynamic Therapy and
Photodiagnosis update, the campus of
the National School of Chemical
Engineering (ENSIC), Nancy, France
(October 25, 2016).

Norihiro Honda, Mizuho Inai, Tasuku
Furuyama, Young Soon Hong, Hisanao
Hazama, Hiroyuki Nakamura, Hidehiro
Yasuda, Tomoyuki Nishikawa,
Yasufumi Kaneda, Kunio Awazu:
“Usage of reprication-deficient viral
particle for photodynamic therapy
against prostate cancer allows high
cytotoxicity through different
pathways,” Photodynamic Therapy and
Photodiagnosis update, the campus of
the National School of Chemical
Engineering (ENSIC), Nancy, France
(October 26, 2016).

IPRFsk, ALK, BAE, 52
JIE L, sz, emgsl, %
EAT: “PUEER R 2R/ oHEY A L
ARy B —F T SEHN R AT N2
yAVVE i DA s e ARSI RS A ot YA e
WL B 37 BIEARL—F—[EFR
e, W7 Z o RaRT v, deiffE
JEJIT (2016.10.21). AFFakTH.
AWML, HAE, GRS “In silico
AT K% PDT =R O, 55 37
Bl HA L —F—Eraihe, By
Z v Na& T v, d e E R I
(2016.10.22). FHEFEHIH.

PEWEVE, FEAFEGRE, Lth, A
s, FKE, Al —Es, TRz,
W2, FEEFRT: “In silico fi#HTIC
&% PDT ZhROFE,” EXFE=
e AT A RS, RALRTF R
oy, FOETUHE X, (2016 4F 9
H 26 A).

TR, WRRERE, AZMUK,
INIE, AHZEH, SEEAY: “2 IR



10.

11.

12.

13.

14.

15.

16.

NT S by DR AL R
RERHH 7 A L AR & I T2 R )
FIEORGE” L=V —F2 #5493
EIRFZES [ - L—YF—DES - E
B AL RS T E T - HH
VAT LSRR 1 SR 2 BER S EE,
IS T (2016 4E 8 H 5 H).
AR RHE, A, R ML FEHE
B L F 2T VIS NS
Z D72 AR BR AR K T B IRAE L AR AR
DOFRFAEEL” & 29 FH L —P—[EF
BT S, RERSUbESEE, &
BIRZET 01647 H 9 ).
ARFED A, IR, RZ L,
Hra i, SEEFEL T CBGELE A AR
FHANZ FE S\ T2 AR RHE AR o0 5 05 PRI
F AT MVOFH B 29 [BlL—
P —ER A S, RERUE
~fE, RBIRABRT (2016 4 7 H 9
H).

JRREAY, AR, R, [R5
B, SEEAE: IR REIC X
HHATRNT 4T M) U LAD—HE
TR AR R TINEOWRE,” 5 26
Bl H AN ) P il s, 1%
FXAR— LT 2w — L, &)
IRREET (2016 4F 6 H 25 A).
wlth, FRHEERRE, ALK, MAR,
ke — S, ARG, ST, B
WS ERIEEREB T A VAR L
Za ARV T 4 U CIXEREEFIA L
7-PDT RO X A LT 7 AT &
HAYERBEF OGS, 5 26 BB AL
VPP, T E AR
— VT v — L, AR AR T
(2016 4F 6 A 25 H).

WRECE T, FaJFEfl, AL, [
NE, &HZHE, EEAY: «% TR
N7 4 F MU U AEEALZER
BEXRBE T A VA ZE W2 RE 7
PDT OfEFL” 5 26 Bl H A YE#E T
LS, X EEAR—LY
)b~ — L, &I RE T (2016
6 725 H).

PEMEE, FEORERRE, AL, MA
B, A —RR, ARG, SEYE
S, O BEEITYS Rl 7 SEA R 6 1 W
I ERIRE R XA T A VAR
T ~DIEZ M E DOE AR O
1, 5 26 [BIH ALK ) P20
FHE, TEEAFR—NVT 2~ —
L, AR T (2016 4 6 H 25
H).

AL ML, FEHFT: AT
WCES M) FER O HL L
IR, Fifgt rlRE 72 4E2 & detm ity 2 3
ZHL—YFuv o SHE R A
HEZES, TKP ke v x 2tk
VA=, KRIRFFRIRT (2016 4= 06 A
17 B). HFFHEH.

17.

18.

19.

20.

21.

22.

23.

24.

JRRESr, AU, Rl A, SEHE
I e ) IR 17 7= 3T
IRONFE IR B K 2 s B
O — EIAPWE R A R R IR O M E,”
TRFE - RF7 A 2RSS
T~ INAFAT 4 ANT + b=
7 AN AL R SRRy, H O
FTACHKX (2016 4E3 H 7 H).
ALK, A, RAEK, B
AE, BEHHT: “S-ALA & Wiz
HAR VPRI WE DR & b b
Jibd HEEL 5% AEL AR 0D O S R R, L —
IR 36 EIEIR KRS, 49
KF RAF v Lo _R, BHEAL LR
i (2016 451 A 10 H).

Mizuho Inai, Norihiro Honda, Hisanao
Hazama, Tomoyuki Nishikawa,
Hiroyuki Nakamura, Hidehiro Yasuda,
Yasufumi Kaneda, Kunio Awazu:
“Hemagglutinating virus of Japan
envelope as a versatile vector for
photodynamic therapy against advanced
and recurrent prostate cancer,” The
International Chemical Congress of
Pacific Basin Societies, State of Hawaii,
United States of America (2015 4+ 12 A
15~20 H).

R IR, MAE, — &I, KEKIE
N, FEHFG: “ICG & W T HEIR I
PBEVEIE O IR I D 2t D
VI ab—va UKD, 236
B H AL —F—Eraihs, AR
WE b v & —, ARRFHEE
(2015 410 A 24 H).

JRRESr, AU, FAE, iR
e, SEHEEHAY: “BK 1270 nm DI
BHIC LD PpIX o — EIHEHE AR
BAICEROMPE” 4 28 BIHAL—
P—lEys El S, TKP J—
T YT A R, AR R T (2015
#7725 H).

TEHERE, AN, MAE, 4
W2, CHETE, @RLE, FEEM
B R E LU A VAR
e FA N 7o o RS2 P S A1) 0D S5 41 i 305 38
F & NS R O FEM,” 55 28 [ H
Rl —H —Era BT,
TKP H—F > 7 1 5Lk, mEAT
BT (2015 4= 7 A 25 A).

AL MR, JIFEEH, AHEERE, G
BIvE, SEHEE FBY: “NPe6-PDT TOD—
HIHME R X D RGN ORI EIR S
S OHIEIED A I = X LB T 5
Jalb— varEHuneirm” 8
28 FIHAR L —V—EFa
£ TKP H—F T 4 5H#, b
JFRAER (2015 427 A 25 H).

AL MR, JIFEEH, AEERE, G
BIVE, BEHEHY: «—EHHABHE T I
L —3 3 % W7z NPe6- PDT TD



HEEI5E N DR R RIS X OSHlIZE 0D A
T3 = X ORI, 511 [\ B A
BABEM N ¥R, HETTFR
TV, RO ETAE X (2015 45 07 A 11
H).

25. AZ MK, JRREST, BIAE, AHEK
i, LIS, H bEwE], ABREZ,
L, SEEEFR: “5- ALA BE O
LED Z W /= PDTHED L I 2 L —
va S K HRHE,” B 25 [\ H A
WA TR kRS, RET TV
BTV, FOHEHTEX (2015 407 A
10 H).

26. fiRHEnRE, ALK, MAE, T4
Wz, @mL, EERE: “REt
ANV ANR T Z— % F T BT
52 P I 0D SHE A i % i B & 5T R IR
PEDOREES,” 8 25 Bl AJCKR ) 7%
= iR S, HES IR T L,
FORHAHTE X (2015 4F 07 A 10 A).

27. Mizuho Inai, Masaya Yamauchi,
Norihiro Honda, Hisanao Hazama, Shoji
Tachikawa, Hiroyuki Nakamura,
Tomoki Nishida, Hidehiro Yasuda,
Yasufumi Kaneda, and Kunio Awazu:
“Hemagglutinating virus of Japan
envelope (HVJ-E) allows targeted and
efficient delivery of photosensitizer for
photodynamic therapy against advanced
prostate cancer,” OSA Biomedical
Optics & Photonics Congress — Optics
in the Life Sciences, Vancouver, Canada
(20154 4 A 12 H~15 H).

(PEZEIA PEHE)
OmIREL G 11F)

L —HEBRIZRREEEO VI 2L —V 3
ik

FHE AL UK, BEHE Y

FHERIE - ENLRFEN KK
FHXE « BT

&5 1 2015-208743
HFEAEH B - 20154510 H 23 H

EWNA DR« EN

(& D]
RIRFRFFe L seR BREE - =1L
XF—LFHEY BEfmfLF—LPiHEE K
HAFFEZE http:/ / www.see.eng.osaka- u.ac.jp/
seemb/ seemb/

6. BFZUHEA
(HAFFEAREE
A% i/, (HONDA, Norihiro)
KIRRT:, LFargeft, FetBh# (FEh)
MEFEZE S : 60710100




