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7212 % photofrin & laserphyrin & & % PDT %3{Z
Y 5HF B &L UCHEESIR OB 2 f#HT 2 2 &
NEETH S,

% 1% phthalocyanine (LAF Ped &M%4) & a9
BZMEIC L 5 PDT 25, 7R b —y AMEIEE T
& % Bel-2 % photodamage 34 Z L I2 LH>T, 7K
P =Y R EFEE L PUEEZIRICKE 2 REE G T 5
ZERHEL TE 9, Bel-2 DT % Bel-2 family
Wik, 7R b=V AR BT 2 5O LHIHT 2 b on
HonTB, 7RV 22E#ET 200 LTI
Bax, Bak 28, 7R b=y 2 Z2HIT 2D E LTI
Bel-2, Bel-x, 234150 T %, Z 45 D Bel-2 fHEA:SE
B (Bcl-2 homology domains: DU BH domains & It
9) T H 23, OB ZE S D
TORENCE ST, 7R b= ADOEHEER F 7213
HHEIWERIC O E S N5, Bel2 13 2 4 D0 BH 485
ZHLTEY ., Bel2 family O C KUl A7 135 E Ok
B, /N S b a > N ) 7ANEE OIS
Ii?ét@m%%&ﬁmﬁ®73/@ﬁ%ﬁéo
Bel-2 i3, C ARl EMEE D 19D 7 £/ BEENT
ERioTHBY, Jua C?E D 22D 7 2 BEERAL
PBRIBL T 5 b DGR DRSS R 2 2
EPRE SN T L B9, ST, FH 5299 |3 Pcd-
PDT 2B W, Bel-2 ZZEADFFELARGEEZA T & Pod-
PDT 251 % Z 4 & O EE P IEFIRSZE D v
THRE L TH D . PDT O photodamage 1713 Pcd DJj
EEBOLDD NI VAR TV ARRICINZ T, A 4
YF v ANVEEERT B 7O EICHEA & LB Bk
DM a 7% K (a5,6) DD % & ¢ Bel-2 ® BHI
& BH2 DDA NETH L 2 ERIHS M-
T2 2D L LD B4R Bel-2 % Bel-2 ZE 54 % 15
%ﬁ?éﬁﬁ%éx%@%mwé’&m;of PDT

CEoTEHFEINT R b= XD Bel-2 D%E % B
6 WIZT 5728, Bel-2 D photodamage & 7 K b — 3
A & OB %38/ L 7219,

AL TIX. photofrin & laserphyrin @ PDT 12 X %
TUEERIROBT 2 EIHT 2 7012, FERFE LT
O Bel-2 3 X U Bel-2 OFEHUC L 2 PUIEEAHHE., & 51

&7 R b= AFHADBIGIZ DWW TRET L 2,
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1. fHRREES
t b FJE MCEF-7 fll ik (Case Western
University @ Dr. Oleinick NL OfHIfFE X v #2t % 5%

Reserve

\J72) &, pro-caspase-3 HEfinT % ZEHE A L7z MCF-
T3 MRakk 2 B L 721019, 10% 2R AR VR IE & &
RPMI 1640 E538712 T, 5%CO,., 37°C THIEINE S 1
1o B CHERF L 72, Green fluorescent protein (GFP)
zEZNEZNa—F L7 A N7 ¥ —pEGFP
(Clontech, Palo Alto, CA, USA) ®ZEHRH S ¥7-
MCF-7c3-GFP f{ffl fid. pEGFP @ C K SE I 1z & b
BCL-2 i {5 ¥ % A L 7z MCF-7¢3-GFP-Bel-2 itk
bk, PIAEREG S Twa k5 ez L, 10% 24
Ha VRN %5 ¢ RPMI 1640 55353512 T . 5%CO,. 37°C
TERIENNG U 7o B350 CHfERr L 7219,

2. JERRSHMEER)

Photofrin (Wyeth Japan K.K., Tokyo, Japan) Iiffizk
DAY bRV T 4 ) UREER TSRS L
ARG D FE A 5 v 630 nm D ARG TR X
MW EOG 2 2T 5, FULAIR IS 25 2
photofrin & T ¥ <54 « L —H—ZHWI-E 1 HH
BRARFEA T, CR I 84.8% Th - 727,

Laserphyrin (Meiji Seika, Tokyo, Japan) 1%, 9T &
799.69 D 2 AOERZMWE L b, 7n ) VB
ZHLIAEETH D 664 nm (R 23 b 299,
Laserphyrin (& photofrin 2A_F iz EESRATIE B, #H
D K 0 BIERET b 2 RPRAM (664 nm) TD
L — S RE T H B

3. L—H—EE

Photofrin 123 L T 630 nm O#LEHR O % F 5 5
Sy —Y—&E £ LT, YAG-OPO (Hamamatsu
Photonics K.K., Hamamatsu, Japan) %Y & U Cff
FH U7z, Laserphyrin i3 664 nm O REEEFKT 2
¥4 F—1F « L—¥— (Matsushita Electric Industrial
Co., Osaka, Japan) %[ L 7-9,

4. EICTEMEAREE

HOGHIER I 405 nm DS F 2 > 5% X O photo-
frin D72 600 nm LA EOF PR & laserphyrin @
728 @ 630 nm DR HF R 2 v T, EEmE CCD
71 A7 (Panasonic Model BD900 : Matsushita Electric
Industrial Co., Osaka, Japan) & Sphtd e &k 2
HOEGHE R E LB > 2 T 2 % fif 2. 7= BT B a O EBE
#& (DIAPHOT TMD-EF2: Nikon, Tokyo, Japan) %
HEHL TR LTz, T O GFP filfd % v 72506
HER D7z, Ml %35mm T4 vyl i &,
37°C. 4543[HC 100 nM @ LysoTracker Blue (Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, USA) %7-
I% 100 nM @ MytoTracker Green (Santa Cruz Biotech-
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nology, Inc., Santa Cruz, CA, USA) 27 4 v ¥ 2 128
AL, 30 23 REfRE L 721219, LysoTracker Blue DHIY:
Eif5ix . He-Ne L' —¥—® 543 nM DJFEE & 560 nM
DUy TNRA 74T EHOTRES N, T2
MytoTracker Green OHOEHEER X, 516 nM D v > 7%
A7 4 vk 490 nM OFIFEE BRI L TES 1
720

5. Photofrin & laserphyrin ¢ MCF-7c3 #H 2 #%

BTN

% 35 mm 74 v ¥ 2 RICE &, 24 FFRIRTER
T8 L7z, Photofrin & laserphyrin & FBS fEUSINES
EIRD 1 ug/ml DEE T MCF-7c3 otk & #ih s &
72 XIZ LysoTracker Blue % 7z 13 MytoTracker Green
2T 4 v Y a NORERNRMUERL 72, M5 T8
7 4 V& —% 38 L T MCF-7c3 il fa k% O photofiin %
%\ laserphyrin DHNHE A BIEZ L 72,

6. Lipofection (& % DNA &A%

MCF-7¢3 #fll f £k 1© pcDNA/His/Max-Bcl-2,
pcDNA /His/Max-Bcl-2A (33-54). pcDNA/His/Max-
Bcl-2A (153-179). pcDNA/His/Max-Bcl-2A (210-239)
D7 A 2 Fi#fsF (Case Western Reserve University
@ Dr. Oleinick NL OfFFR & D2t 23210 72), %X
2 ug % lipofectamine (Invitrogen, Carlsbad, CA, USA)
ZHAL GEEFEA LY,

7. Western Blot fi#fT

MfE & 1500 [=] 7 43 Tl L. K PBS IS T
2[EI%EE L7z, MfERLV y & 30 DK EICE W7
. VEMEIR (50 mM Tris-HCI, pH 7.5, 120 mM NaCl,
1% Triton X-100, 0.2% sodium dodecyl sulfate: DAF
SDS &B%9. 0.5% deoxycholate, 10 ug/ml leupeptin,
10 ug/ml aprotinin, 1 mM phenylmethylsulfonyl fluor-
ide and 100 mM NaF) 12 CIER U TSR
L7z, MRS 72 7 )V 3 — VBT (20 ug)
%, SDSKVT7Z VN7 I N7 NVEKEKE (PAGE)
WEoTHEEL, KV E= VTV O TNVt R AT
VUANEEBEX R, ATV R EREE T 1 EE.
<R e/ 7 a—F )V Xpress Fuik (Invitrogen,
Carlsbad, CA, USA), ¥V A <&/ 70—} V7 7
F Pk (Santa Cruz Biotechnology, Inc., Santa Cruz,
CA,USA) ENLAY — T/ 70 —F)HiE b Bel-
2 ¥k (Pharmingen, San Diego, CA, USA) DX T
R & ¥ 7z, KIZ 0.1% (vol/vol) Triton X-100 ZJMNZ
7z PBS VSR C/KBE. .~V A F ¥ & — ¥ TR EE &
T~ T ABLIUIINLRAY —RE7a 7)) v GIZ

SEH fit 14 44 Bel-2 BEFERKICE 57 R b — ¥ ARBSZERFIZOWT
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T ATV RERT IREER Lz, 2TV
Y., P EOURIEEEE (Amersham  Pharmacia
Biotech, Piscataway, NJ, USA) % FH\>7z western blot
HECEH L. 2 D4 & > T, laserphyrin & % \»
\Z photofrin-PDT ., £% @ Bel-2 BRI T 5
(B IRESHR R S Tz, ERRIFHNLL T, D7zl

Ed 3EEDIRI NI,

8. TR b— ROEREDMN

MCF-7¢3 il fid £k, MCF-7c3-GFP-Bel-2 #ffl i #k 1<
photofrin % 72 1% laserphyrin % 3 RFfiEfh s ¥, Zh
o V—HF—IBE (3)/cm?) 12 &> T PDT Z2jifTL
72 photofrin-PDT . photofrin 0.63 xg/ml, L —¥#—
HE&F 3J/cm? (150 mW) T, laserphyrin-PDT [, laser-
1.75 pg/ml, v —H—HaE} 3J/cm? (150 mW)
T PDT 2T L72e (2D, au==7 v LA
E 51536 Tz 00% B R 2 H 3 % LDy TH
%)

PDT fE{THT. PDT ffie{T 6 KifH]s & U 24 IR
fa 2 BB L 1% kv~ Y > CREER. HifE % Hoech-
st33342 (Molecular Probes, Eugene, OR, USA) TYefh
Lize &R DY > 7N 5 200 {ELA_E DN 2 75K
L. 78 b= AflEOEIG 2T AL TR LI,

9. AOZ—7vE1EICL DNEBNRESMES

MCF-7c3-GFP #iifutk. MCF-7c3-GFP-Bel-2 flifidik
% photofrin, laserphyrin D Z 1211 0, 0.31, 0.63, 1.25,
1.75.2.0 pg/ml OIEE T 3 BEEANEL . 3 J/cm? DLV —
YR X D PDT ZfifT L7z, PDT RE 5 I
YTV ABEL, MREEBREL A Y MRIZ, 25
cm? DT 4 v ¥ 2T 50~150 DA u=—EFHKT % &
SICHIfE =BTz, 10~14 HEZIZ, 0.1% crystal violet
in 20% ethanol THAfA L, au=—HEH 7> F L1z,
KIGEED MCF-Tc3 fifEd a2 o = —BEERIE. #I30~
40% THYH . ZODfH (plating efficiency) ZEHEIca
=—ESERL 5 PDT I & DH S 2 25K
BT L7219,

phyrin

& S

1. Photofrin ¥ 7-|% laserphyrin DFEFBAETEIZ D
Wt
PDT OHIEBINED X B = X L B fENTT 5121,
SR E O RAEDSIER [ KV T H %1, Photofrin
BEZI PPV THEZREET 2 EEbRTE
D . Fig. 1 DX 512 MCF-7¢3 i@k d photofrin DJF
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* B

% : Mitochondria

¥ :Lysosome

Fig. 1 Localization of photofrin and laserphyrin in MCF-7¢3 cells.

MCEF-7c3 cells were loaded with 0.63 xg/ml photofrin for 3 hours (A, B, C) and MCF-7c3 cells were loaded with 100 nm
MitoTracker Green. Images of A and D are conventional white light microscopical findings. The images of photofrin
displayed diffuse and punctate patterns (B). The kinds of pattern did not completely co-localize when cells were loaded
with MitoTracker Green (C). The sign (%) showed the localization of mitochondria.

MCF-7c3 cells were loaded with 1.75 yg/ml laserphyrin for 3 hours (D, E, F) and MCF-7¢c3 cells were loaded with 100
nm LysoTracker Blue. The images of laserphyrin displayed some punctate and some diffuse patterns (E). The kinds
of pattern did not completely co-localize when cells were loaded with LysoTracker Blue (F). The sign (3%) showed the

localization of lysosome. Scale bar, 5 ym.

TE % B GRS THIZE L 7219, MitoTracker Green (/5]
TEEIFIF—H L1208, Beh—BuciZE s o7z,
972 B photofrin DJFLEX., & Fa>» N) 72T T
137 < . /M@ (endoplasmic reticulum : ER), v
HEEPMOMBEANA VT A Z IO RELTWS &

PDT(-)

HEZ &z, %72 laserphyrin DJFTEF. 94 VY —A
WAL TWwa EEbNTw595, 1ZIF LysoTracker
Blue L HOBIZ—H L 7223, B2 —HTIEES L5
7z (Fig. 1),

PDT(+)

0.16 0.31 0.63 1.25 1.25 2.5 (ug/mi)
T0h TOh TOh TOh T1h TOh

Bcl-2 —

Actin —

3

Fig.2A  Photodamage to Bcl-2 in MCF-7¢3 cells by photofrin-PDT.
MCF-7¢3 cells were transiently transfected with PcDNA/HisMax expression vector containing wild-type Bel-2, pcDNA/
His/Max-Bcl-2. Twenty hours after transfection, the cells were treated with 0.16,0.31,0.63, 1.25 and 2.0 u g/ml
photoftin for 3 hours and then irradiated with laser (630 nm, 3 J/cm?). Immediately (T,y), or I hour (T,,) after PDT,
cells were collected, washed and lysed. An aliquot (20 xg) of the whole cell lysate was separated by SDS-PAGE. The
Bel-2 level was examined on Western blots using a mouse monoclonal anti-Xpress antibody. The membrane was

reprobed with anti-actin as control.
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Bcl-2A (33-54) Bcl-2A(153-179) Bcl-2A(210-239)

Bcl-2
I | |
PDT(-)
Bcl-2 —_— ‘ “
Actin —_—

Fig. 2B

auﬁnauu.-dn.unpinubaﬁﬁ~‘““

PDT(+) PDT(-) PDT(+) PDT(-) PDT(+) PDT(-) PDT(+)

Photodamage to mutant Bel-2 in MCF-7¢3 cells by photofrin-PDT.

MCF-7¢3 cells were transiently transfected with pcDNA/His/Max-Bcl-2A (33-54) or pcDNA/His/Max-Bcl-2A (153~
179) or pcDNA/His/Max-Bcl-2A (210-239). Twenty hours after transfection, the cells were treated with 0.63 pg/ml
photofrin for 3 hours and then irradiated with laser (630 nm, 3J/cm?) producing 90% killing of MCF-7¢3 cells.

Immediately after PDT, cells were collected, washed and lysed.

An aliquot (20 g) of the whole cell lysate was

separated by SDS-PAGE. The mutant Bcl-2 level was examined on Western blots using a mouse monoclonal
anti-Xpress antibody. The membrane was reprobed with anti-actin as control.

PDT(-)

PDT(+)

0.313 0.625 1.0 1.25 1.25 2.0 (wg/mi)

TOh

Bcl-2

—p

TOh

TOh TOh T1h T0h

Actin — u-h~<h-~qnu.qnp.uuh.dﬂﬁ"“”§

Fig. 3

Photodamage to Bcl-2 in MCF-7¢3 cells by laserphyrin-PDT.

MCFE-7¢3 cells were transiently transfected with PcDNA/HisMax expression vector containing wild-type Bel-2, pcDNA/
His/Max-Bcl-2. Twenty hours after transfection, the cells were treated with 0.63, 1.0, 1.25, 1.75 and 2.5 ,ug/ml laserphyrin
for 3 hours and then irradiated with laser (630 nm, 3 J/cm?). Immediately (T,), or I hour (Ty,) after PDT, cells were
collected, washed and lysed. An aliquot (20 xg) of the whole cell lysate was separated by SDS-PAGE. The Bcl-2 level
was examined on Western blots using a mouse monoclonal anti-Xpress antibody. The membrane was reprobed with

anti-actin as control. Scale bar, 10 gxm.

2. Photofrin-PDT (Z & % Bcl-2 ¢) photodamage (Z
2T

FrF, S aryRUTEY—T v NET D Pcd-
PDT 28, 7K b—y AHHIE T TH % Bel-2 2 L —
PIERHERICS A=Y LT, ZDOT R —Y ADFH
BEEBIZTBE NS T BHELTERLOD, 22
THRX . £ b Bel2 Q9HDT & /) ZFIA~NT
4 —pcDNA4/HisMax % i\ T, MCF-7c3 ffl fa ik ~
VR7 27y aryFic k) —d@EIcERETFEASE
72, ZZTHEMALNY Y —Td% pcDNA4/His-

Max |&, EAF Y Xpress D 2FEDY 72 HLTH
D . KRN TFIR U7z Bel-2 B 13T Xpress PUiE TR
FXATRET D 512,

MCF-7¢3 #l f 4k ~ pcDNA4/HisMax-Bcl-2 % & A
L. 20 IRFf#I#2 1 SR ARIREE D photofrin L #Efilis €. & 5
12 3 REERIE 33/em? (150 mW) O L — W — &G % e
Tl 7z, ZDOHRES Mg, 5EHZBIRL, 5T
Xpress 44 % {# ] L C Western blot 12 & D, Bel-2
% [ @ photodamage 12 D \» THES L 72 (Fig. 2A),
PDT JiEf TR Bel-2 T DFEFIC R T . photofrin 1
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Before PDT 6h after PDT 24h after PDT

MCF-7¢3
-GFP

Apoptosis (%)  1-2%0.8 58.3+3.6 95.3+4.2

MCF-7¢3-
GFP-Bcl-2

0.7£0.5 47.6+4.8 92.5+6.3

Fig. 4A  Photofrin-PDT induced morphologically typical apoptosis.
MCF-7¢3-GFP cells and MCF-7c3-GFP-Bcl-2 cells were treated with 0.63 xg/ml photofrin for 3 hours and then
irradiated with laser light (630 nm, 3 J/cm?), producing 90% killing of MCF-7c3 cells, as determined by clonogenic
assay. Before PDT, or 6 hours or 24 hours after PDT, cells were collected and fixed. ~After fixation, cells were stained
with Hoechst 33342. At least 200 cells were counted from each samples, and the yield of apoptotic cells was expressed
as a percentage of the total population. Scale bar, 10 g m.

Before PDT 6h after PDT 24h after PDT

MCF-7¢3
-GFP

Apoptosis (%) 1.4+0.5 57+3.8 19.6+4.7

MCF-7c3-
GFP-Bcl-2

0.8+0.7 5.1+4.6 18.3+7.5

Fig. 4B Laserphyrin-PDT did not induce morphologically typical apoptosis.
MCF-7¢3-GFP cells and MCF-7¢3-GFP-Bcl-2 cells were treated with 1.75 gg/ml laserphyrin for 3 hours and then
irradiated with laser light (664 nm, 3 J/cm?), producing 90% killing of MCF-7c3 cells, as determined by clonogenic
assay. Before PDT, or 6 hours or 24 hours after PDT, cells were collected and fixed. After fixation, cells were stained
with Hoechst 33342, At least 200 cells were counted from each samples, and the yield of apoptotic cells was expressed
as a percentage of the total population.

0.16, 031, 0.63 pg/ml EIREMIFHNIEIMNT 5 12oh & AR DOFER 2588 | photofrin-PDT % Pc4-PDT & [&]
T Bel-2 EAFHHEDA L, 125, 2.5 ug/ml D54 CEI B2 EHAERET 22 ENREBIN
TS B2 BEHIZER L CLE 72, I HE 721019,

LUHT#4 L 7z Pc 4PDT 12 & % Bcl-2 @ photodamage KIZ, Bel2 d £ O B #38 photofrin-PDT 12 K %
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100.00
10.00 \

0.10 | —|——MCF-7¢3-GFP

SEM At 14 4

% survival

~&—MCF-7¢3-GFP-Bcl-2

0 0.25 0.5 0.75 1 1.25 1.5 1.75
doses of photofrin (ug/ml)

Loss of clonogenicity of MCF-7¢3-GFP cells and
MCF-7¢3-GFP-Bel-2 cells as a result of photofrin-
PDT.

Exponentially growing cultures of each cell line were
treated with 0.16, 0.31,0.63, 1.25 and 2.5 xg/ml photo-
frin for 3 hours and then irradiated with laser (630 nm,
3J/cm?). Immediately after PDT, cells were trypsin-
ized, collected, diluted and plated at appropriate con-
centrations. We compared PDT-treated cells and
untreated cells of the same cell line with regard to
plating efficiency. Each datum is the meanzstan-
dard deviation for result from three independent exper-
iments.

photodamage B Td % 7%, Bel-2 R T2 A
R [RIBkD 171 T MCF-7c3 gtk B n 75 A L TR
St U7z, Fig. 2B T/ L7z & 912, Bel-2A (33-54) &
13 Bel-2 35 H & [E4k 12 photodamage & #1172, Bel-2 D
MEHDT S /BTHDHT ANT X VB (Asp) 1
caspase |2 L DY SN EGLTH S Z EnHIo T
W52, F7- Bel2 @ BHI1 (136-155aa) & BH2 (187-
202aa) OREIDAEEL X C REEEIK D 219-237 7 £/ E&ﬁ
I — N 28R, EEHEE A 2 THED
2HFTOEEBR X4 220 Z KB LTz Bel-2A
(153-179). Bel-2A (210-239) D& Tld photodamage
RO SN PoTz, 2D L LD photofrin-PDT 2
X % Bcl-2 @ photodamage 121, RELE N £ A >3k
BCThHDH I EIRENTZ,

3. Laserphyrin-PDT (Z & % Bcl-2 @) photodamage

I22WT

ZKIZ laserphyrin-PDT 12D @k MCF-7¢3
JaZ Bel-2 i85 2 —8 M lipofection Tl FE3R
X181, laserphyrin-PDT % Jiif7T L7z,

Fig. 3 M X 91T Western blot 112 £ U . i Xpress
{C Bel-2 O photodamage 12D\ THGET L 7203, Bel-2
@ photodamage IFFEH L1 o7z, 2R =—=7T v A I
L DEH U7 LD0 id. laserphyrin JEEEAS 1.75 pg/ml
DEXThHolh, TOFRMEED S DI LS,
T 7B 2.0 ug/ml 3BT H Bel-2 @ photodamage

Bel-2 BHEFERRIC L 27 R b — v A&7

T OWT — 347 —

10000 ’X\\

10.00 \I
]
>
T \
5 100
2
: \}

010 ) —e—MCF-7¢3-GFP -

—&— MCF-7¢3-GFP-Bol-2
001
0 025 05 075 1 125 15 175 2 225
doses of laserphyrin (ug/ml)

Fig. 5B Loss of clonogenicity of MCF-7¢3-GFP cells and

MCF-7¢3-GFP-Bcl-2 cells as a result of laserphyrin-
PDT.

Exponentially growing cultures of each cell line were
treated with 0.31,0.63, 1.25, 1.75 and 2.5 ,ug/ml laser-
phyrin, for 3 hours and then irradiated with laser (664
nm, 3J/cm?). Immediately after PDT, cells were
trypsinized, collected, diluted and plated at appropri-
ate concentrations. We compared PDT-treated cells
and untreated cells of the same cell line with regard to
plating efficiency. Each datum is the meanzstan-
dard deviation for result from three independent exper-
iments.

RO oT, DO E XY, Bel-2 i laserphyrin-
PDT DM TR W I ER2RLTWE EEZOR
720

4. Photofrin-PDT |2 & 2 7R b —S XHE

Photofrin-PDT 12 X % 7 &R b —¥ AFFED AL D
WS UTze B L 72 fifiid. MCF-7c3 fflflatkic
pEGFP vector (Clontech, Palo Alto, CA, USA) D&%
SEEFEHL U T2 MCF-7¢3-GFP #iflatk & Bel-2 251 % 1%
FFEHL L 72 MCF-7¢3-GFP-Bel-2 flifiik T H % , MCF-
7¢3-GFP-Bel-2 fillfid#kid. protein kinase C (PKC) in-
hibitor T# % staurosporine (STS) 1L %7 K h—¥
Azt UMM Td - 7219,

MCF-7c3-GFP flifa#k ic LD90 ® &1 T photofrin-
PDT % ffifT L. ~F A NI L D R E €=
L, BB 7 Ry — Y AR R U E s v >~
kL7 (Fig 4A), PDT 7}’@” 6 FRFfEIEE T IEHy 50% DAL
D7 R+ —v AMIfEZ RO, 24 K Tl 90% 2Lk
D7 R b —¥ 2 EBD Tz, S 5T, Bel-2 EENE
& L CHRREFEEL L T v b MCF-7¢3-GFP-Bel-2 fllfak
Wt LT b MCF-7c-GFP MRz 42 o L[5 U2
- PDT % fiifT L 72 Fr. PDT MifT 6 eI 1 i%’ﬂ
45% LA ED 7 R b —v Al =50, 24 I
90% LA_-C. itk MCF-Tc3 sk & IEIE%&J@&E@Y
R —y A% (Fig 4A), Photofrin-PDT Tld,
24 R ik MCF-Tc3 filfladk T3 95.3+4.2%, Bel-

(7))
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2 DR FEIR L 72 MCF-7c3-GFP-Bel-2 #il fa # T 1%
92546.3% D7 K b —> Al EE L, FHOHIIEM
WIIMEAFHICEEEZ 2R D Lol (PE:
0.4119),

5. Laserphyrin-PDT (2 & % 7R b — X55iE

Laserphyrin-PDT 12 £ 2 7 K b — ¥ AFHEREIZ DO W
THIARRIC LD OFMATHIATL . Z D+ A b Y
k17> 72 (Fig. 4B), MCF-7c3-GFP #fiflatk. MCF-
7c3-GFP-Bel-2 fffifufk & b1z, PDT JEfT 6 FRFflfL Tl
WA PIERE R R T 7R b —y 2 BREBE% Th-o7z
B3, 24 REREER I 1340 20% DML S8R RS RE 2 7R
T7 R b= 2R EFED T (Fig. 4B), Photofrin-PDT,
laserphyrin-PDT D212 & % 24 B D 7 KR b —v
AHEDOEIE1X. MCF-7c3-GFP gk 126 L T i
95.34+42% & 19.6+4.7% THE = % & &)(P{
Qm&mmﬁkuwnmuM@ﬁ_ﬁbf@9mt
6.3% & 183L£7.5% THEZ XA DIz (PfH: 0.009),
Z O Z & X Y laserphyrin-PDT @ 7 JE 5 %) 5 1%
photofrin-PDT & 572 D)  HUAURYZ 7 K b — > AFHE
BEEHE DF W EAVRE T,

6. Photofrin-PDT, laserphyrin-PDT (Z & 2 HiEEL)

RICEIT 2 RASHEEER

an=—7vEAEIC LD REEE D photofrin
B % v 1 laserphyrin %2 MCF-7c¢3 fl fE k. MCF-7c3-
GFP-Bel-2 gtz B2fil & ¥ C PDT ZJEfTL . 10~14
HgOaoo—Ehvy b 452 80 & ) B
#B& % i1 T L 72, Photofrin-PDT Tl%. MCF-7¢3-GFP
MR, MCF-7c3-GFP-Bel-2 kg & & 12 LDy, D&
FRZIZIZE L WETH D | Bel-2 1EfIF gk MCF-
7¢3-GFP-Bel-2 1236} L T b itE 2R & 9, Bk
# (dose-modifying factor) (& 1.10 T & - 7='® (Fig.
5A), —Jj. Fig 5B Cxd X 5 1Z laserphyrin-PDT T
1. LDgy DZ&4"C MCF-7¢3-GFP-Bel-2 ffifa#k i dose-
modifying factor 1% 1.35 TH v . FHHEk MCF-7c3-GFP
HERRIC R U Tt T -7, TRHD T L,
Bel-2 23EFEFEHL L T s 2 JEE5 2 1, laserphyrin-PDT
& D % photofrin-PDT DMF & L Z EDREB X fu7z,

= %=

PDT OHUEBZNRDOA D =X L LTk, @ —
BHIEMRRAFIC L 2EENZEH @ chsick-
THISE Z SN2 REINE % £ & 2 M 2R
@ MENEMEOEE I X 2 ESIMNE OFZE (vas-
cular shut down effect) D 3 DDA H =X LDEZ &

=y

& 64 % 45

mﬁ

NTwaE2, Zns PDTIZE->TCEERIINS
TR =YX EWIHFKICHHE L. Oleinick 57 %%
DAHZRXLLEDDTRR fEE2 L Twb, BHIE.
KETITO N T 2 EREER O 2 A2 Y
B Pcd VT, 7R b—Y ZADFHE Xy = X L#AT
20, s OFERTF 7 R~ — v ZHIFIEE T
H5 Bel2 TH D T EHFARS 1. Bel-2 R T2k
YRR T 5 2 L2k D PDT @ photodamage 735t
BEPPUEANC TR SN WEREHERTH S 2 &,

& 51 photodamage 1Z Bel-2 EHN 7 o A Y > 7
REBIL, BEREODFROBEHCERLT L Z LR E
IMRZ EfFEHZ T & 721912, Z LT photodamage &
N7z Bel2 AN T R b — A IHIBEE 2 783 %

EHNHEERL 7219,

JE72 0 T 7% < 26 < DETAE T Bel-2 OFH
L TRV ZANOFEFZRWT, R TH 2 7N
EEbNTw3Y®, PDTNERERIC Z O B2 %
photodamage 92 Z LI k-5 T, 7R —Y A&
LRI T25IELD, 2ns 2PUEAIS RS
BEEE LI L . S TIBIT T IR~ DHR & L
TREBETH D, T I TAETIE, BALE, FHAN
JE W2 v 5 T\ B photofrin,, laserphyrin 2 & %
PDT OFIGHER, & SWiEA —5— X 4 FiGED—
B LT, Bel2 OFHEIC X VWS 5 & L H3H]
HED E S I DWW TS 2175 12,

Fig. 2A @ X 9 I photofrin-PDT I3 photofrin ¢ j&
JE % PRS- T & MCF-7c3 g s sas L
7z Bel-2 DE AL, BEMARIC photodamage %32 1)
720 S5, FIg2BO X DI BARREEEH{TH 5
Bel-2A (33-54) b [AlAR 1 photodamage % 52 1F 72
ZEF B2 D 3AFHDT I /BETH2 Asp DERLL
IOV S EEMLTHL b,
photofrin-PDT {Z & % photodamage i caspase & & %
BbOTRBENWIEEZRLTWS, 20O &id, LI
Tz D3 U7z Ped-PDT E[RIERDFERTH O, F77
photofrin-PDT IZ X % photodamage 7 1. Bcl2 D C
ARUiriEdk & BH2 & BH1 O OSEBOBER R £ 1 >
BILETHZ I Ed PAPDT LEBEDOERTH-
7o S ARV T EBENETF LT % PAPDT &
photofrin-PDT TIXFEEEDBER DD & M7z HY, Bel-2
WRIFEHTHINI I 2 S DR %, T8 b Ped-
PDT 3. Bel-2 235568 L 72 MCF-7¢3-GFP-Bel-2
felid. Bk MCF-7c3-GFP flifdic bthig L € a o =—
7w AETIHEZR U2, L LRSI, Bz

73 caspase

(8)
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AR TIHIZIZFEFEORZEEZB L, & 512 Fig 4A T
e JZ 512, BIFRD photofrin-PDT 12 X % LDy, D
ZATIE  MCF-7c3-GFP-Bel-2 & 6 i1z 40% DA_E
OMERT7 Rb—Y 2R E2E L, 20O &I
photofrin-PDT i3 Bel2 FE H # 1) & L., T %
photodamage 9% Z L2 LD 7R b—Y A RFHEHEX
. Bel-2 dFEIFEEAIIIC T U T hilEisshit =
FEET L E2BHKL TS, EBE PDTIC L 3
photodamage (= & D . PDT %% Bel-2 3 FE I )

U Tk & 72 @RI &2 2 2 E03H D BT
P22 Flr Bel2 DT VI AR W FEERT

iX. PDT 12 & BRSNS 2 0 EORE D H Y |
PDT & Bcl-2 ®F#., Bel-2 @ photodamage & DB %
FIEH I RYITH %%, Photofrin-PDT 12 & 1 i &
N7z Bel2 TP, A7 R b — > ZAHIHIBERE = 58
Rz E I DIFRHATH Y | 54, fusion protein D
YERR 72 £ 24T THICHET T 2 0 E N D 5,

Laserphyrin-PDT Tl. Kessel 5292 p3es U7z L
9 7% Bel-2 @ photodamage % 38 & 7% v 7z, F 72
Vantieghem & 29 73 L C\2 % X 912, hypericin &
v 2 B SZ MEY)E T b photodamage % 58 & 75
otz 2 E S, Bel-2 @ photodamage 12 13 GEAZ
YEDREPRODESE L TWwb &2 515, Laser-
phyrin i35 4 VYV — AR TICER L TWwE b Tk
Binoted, 2 b a Y N7 R Bel2 EEHDRTE L
FH AL, B D WIFBEN I OEACRE R £
AT A EHEE IS (Fig 1), % 72 laserphyrin-
PDT % Bcl-2 Z[EE L e WiE» D Th < Bel-2 @
FH T Uitz s Lz 2 e, o i
photofrin & 13572 2/FABIEEHE T 2 & L DV BIfR S
7z (Fig. 3,5B), L7 L PDT OHIEESIEL. A

2D X ST in vitro DE R L BHIRIEIF 72 T Tld 7z
L MDY A—12 & D vascular shut down 72
EDdD % 12 FEEICHK TH 3 % T laserphyrin-
PDT OHUEEZIEIMEN LS Z e Tlkkw» EED
%o LDy DFMT PDT ZffifT L7z & 12, 24 KfH]
. BUIAG 7 7 R b — ¥ A OBEREE B WS, FERITIC
Mg oog=—%BRE I L 7o 2O L3,
laserphyrin 237 A ¥ V' — 2 %41 L T cathepsin % Ji
L. AT caspase Z 15 ML LTI 72 77 R b —
VAEFHET R0 LLE0»H,

Laserphyrin (%, photofrin DR & ST & 720G
WHEREDSIER [ E T h % 7o FHAHEA O
WCHREHIRF SN T2 HHITH 5, AWFFETIE,

LR L BT R — v AR

PERFIZ DWW T — 349 —

photofrin & laserphyrin % SZER DGR D512 BT
4 28512, Bel-2 FEEME W ESSIC 1E laserphyrin
PER L. BSOS L CE photofrin 23 2%
RED, FERDA =5 — A4 FIEEO—NC%5HD
EEZ B,
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Molecular determinants of photofrin-PDT and laserphyrin-PDT
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Abstract

It is very important to elucidate the mechanism of action and identify molecular determinants, in order to increase the
number of clinical applications and develop new photosensitizers. We have previously reported that photodynamic therapy
(PDT) using some photosensitizers, such as phthalocyanine 4(Pc4) damages anti-apoptotic protein Bel-2, and that Bcl-2 is a
molecular target of PDT. We examined the molecular targets of photofrin-PDT and laserphyrin-PDT, by evaluating the
photodamage of Bel-2.  We found that Bel-2 was a molecular determinant of photofrin-PDT but not laserphyrin-PDT. Our
results show that laserphyrin-PDT does not damage Bcl-2, and Bcl-2 overexpressing cells are resistant to PDT. Photofrin-PDT
damages Bcl-2 and induces apoptosis earlier than laserphyrin-PDT. We conclude that photofrin-PDT damages different
molecular targets from laserphyrin-PDT. Many advanced cancer cells have elevated amounts of Bcl-2 protein and we
hypothesize that in most situations, Bcl-2 photodamage eliminates the normal protection against cell death. In this paper, we
evaluated the role of photodamage to Bcl-2 in regulating the fate of cancer cells after PDT using photofrin and laserphyrin,

and we discuss the target molecules and new clinical applications.

(Key words> photodynamic therapy (PDT), photoftin, laserphyrin, apoptosis, Bcl-2




