Studies on Photodynamic Therapy with
Polyhematoporphyrin Ethers/Esters Combined
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RUNTIERLTZ 4 VY =—F )/ A5 1L
TEFYR XA - U—F =BT
HDFHIREIR BT BY 3 5 ZEBE B

SRAFEFHWRBBFRE (EERE | KRR EE)
® T #® &

RYIANTFEALT 4 VY =—FA/z=RF 0 (polyhematoporphyrin ethers/esters, PHE) & =& v = « £4 « L —4—
(excimer dye laser, EDL) 2V T, vV ALREBE R IVX - F~v 2B EEe F BB LTHITENERE
(photodynamic therapy, PDT) ®#1T\v, TOHEHBHR LW Lic. XH1, b F BEMEHRESME KKAT ©+ 5
PDT DMK R s XU PDT OBMIBFEIC > T h#a Lz, PDT DEF&RGEXHRETHHH T, PHE 0B 58,
PHE BEHEO V-~ XOBHME, BH=F 1 F-BPE(LELT, ¥4 23—~ 180MIEBE LA~ ICR ~ v 2z LT
PDT % EfTL7c & 25, 25mg/kg © PHE $#548R/M1HIC, 50]/cm* OBS = kA F— BT L —¥ - R OBV 1T 5 Sl
RORIFTHD LM N, ZORBMEETIC, b MRHERE HT-1080, © M BEBLE KK-47 BEEBBICN LT PDT %56
LIRER, BEFESERNCEBLHERDRES B LR, »OoEBLEERRRD bhich -, %1, PDT MR 0EESH
MREERIEET, BRYRIDD NI -7, KKAT Ml 2 BEESEORE T, BB EIIBH = 31
F—EXbd PHE OBREWCHKFMNZ LR L. 10ug/ml © PHE #8511, 5]/cm* DL —+ —euBE L KK-47 fifa0
DNA BR&ETIX, 74 —RD DNA DM {L2ARBD b, ZOWA{LIZBEMCERLE:. L EoKE L, PHE &
EDL ZH\ 7z PDT R REEBMEES R LCAEREATEAREETHILEL DA, ¥, FORMBETE~DT
HE~ Y ADEENRE S hic.
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BEHEARCHROCERL, X=x ¥l hipiEzh,
BARBRY ST RRESYEL, v -¥F KAk hE
BIREYEEE (photodynamic therapy, PDT) 1, BOME, &H
B, BB, FERESIURESBME ST LT, i
ChhbbTHRANCEVCEDERELATLA"”. Lil,
OWRBHEY HBREEOR Ak E LUERERT
BT, L OH LCKEERYEOHE, RGN OE
RV —F—XBHEBOME, ILERTIEREORIER
THHIEEREBBEEOHE I &, SBCB IR BB LS
V. SEH, BEEARNOBMERECRLT 4 ) LAY TH
BERYINTIHEALT 4 VY =—F /= AF N (polyhemato-
porphyrin ethers/esters, PHE) & #i & 63045nm DL R L —
F—HERETA =FY < X1 - L —+ — (excimer dye
laser, EDL) # i\, = v AEREERI VR — F~=v A0 BHE
e tBECATS PDT ORESHRLBH L. 25,
b BRI KKAT % BV 7z PDT ORISR O
FHER TS L &b, TORMIERFCEL OB L.

FRLSFEIZAITHRAT, PR 64E 1 A25A%E

W& LUHFE
. YOAKBEES LU — vy X BiEte FEEC
%3 BPDT Okt

1. ERBY

5 BRSO ICR =v =, BDF, =% 2% L ¥ CD-1 (ICR)
R — Fv% 2 [CD-Inu/nu] #Fwv o, ICR~Y AZEAKZ LT
(RE) X9, BDFF =9 2B LU CD1 X— F=v 23K
Fo—ARY A= (BER) LOEALL. ~Y AXEREGET
%{4F (specific pathogen-free, SPF), KB aLBRGEY BT 5
Tediz, ABEEROBBA200L 27 ALTIREE L THE L.

2. BBk

<y AREY L~ <180k, ICR =¥ & DR THE
MR Lo, RERICEE LTI, ICR =% ADJEMER & » [EEH
Mx EEPC R, MREERLEEL, ICR = v A0AR
BEETIZ 5x10°ME/0.05ml OEFMKLBEL, BVEEY
TERLL 7z,

Abbreviations : ADL, argon dye laser; AlPcCl, chloroaluminum phthalocyanine; EDL, excimer dye laser;
EDTA, ethylenediaminetetraacetic acid; FBS, fetal bovine serum; HpD, hematoporphyrin derivative; IR,
inhibition ratio; MTT, 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazorium bromide ; ODsy, optical density at
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< A Lewis [fifEiiai%, C57BL/6 = w A D & T CHAHME
L. BEYRBHBEMYLT, BDF~YRADOKETFILmy
- ACTBREL, BUEELFR L.

b b ERMERE SRk EEAERD HT-1080 #Bfa & v b BEBERE AR
MM KK-47 fifg, 10% (v/v) E@{L Yy v RIEmE
(fetal bovine serum, FBS) (GIBCO, Grand Island, USA) & #i4
BB (=Y v G100U/ml, A L7 t=a>v 100ug/
ml) #4748 L7z RPMI-1640 5# (= 7 =, KER) hoECHER
Liz. CD-1 x— F=v 2A0ERBHE T HT-1080 fifz % 7o
12 KK-47 #fa%x 3x10°{E/0.1ml BEL, BHEEXFHL
.

3. EREA

PHE (Photofrin I, HAV A Y —, HE) 12, 5 B¥EHAT
FOSSRICERL, vy AORBIRL ) EBRED PHE %k
£ 10g wo% 0.1ml BIRAZE L.

4. V=¥ —XRBHEHEE

L — —JeREEEIT EDL (PDT-EDL-1, Ak F =2 X,
) R ER L. XE»LERA0um DY 3~V 7 7 4 =
B LT, BE 630+5nm, /v AIE 8nsec DIV A L —4 —
e RIBREA0E 21T 80Hz THEL, BE~NOBHEOEEY
15mm KHE L. =Y Ay ALY R — VT TREME,
BHEIhCETEBCH LTEEAAC Y —F - XRHLT-
fo. BEERIH, EEXREHEY BT HDIT N kA
NTIER L.

5. PHE 0ZEFBEEORE

PHE 0E##HREEYRET S BMT, PHE #5# D L —
F—HBHEEBH =3 - B —FEC L TUTORKRE
fTote. ICR =9 A4 Aa—<180MA%ABET B, BE
B 5~8mm e~ 7BES T, PHE % 1, 5, 25mg/kg D5
BTHIRPIS S Uiz, PHE 8 54885M%IC v — ¥ — H 7 4m]/
SR, B =R E -5 100]/cm D &MHT, BERKZRE
n-BEREBCE LTy - —tBHE T 7. —F6EEA
W, ZpRYER, PHE #EB5EEOARBEREOTLEERAOEE
THr -7z,

6. BHEBH-ALF-BORE

EBRH= AN F-EXRETHHNT, PHE ORE&EL
PHE 58DV —%F - XBHEHE—EC L TUTORRY
ff-7-. PHE O# 58z, 5. OEBRER ERIIEENPHET
R WESE, 25me/kg L. ICR w9 ARSI L2 —=<
180fBRa % R TR, BEBEH 5~8mm Wit » AT,
PHE # 25mg/kg O 5 & CHBIRAKE S L1-. PHE & 548
Mg, v—F -t dm]/Av A, BE =X LF-FEL0E
XU 100]/em? £ LT, BEEHCH LTV —¥ - KB4t
Fote, —B6EHFA, PHEREER X b FHNWCERES
DERIEREINL, UTORURI VEBFAEYELL
T, BEHEHEYIER L. R EIL Battelle Columbus
BN TT o 7.

V (mm*)=(LXW?%x1/2
V, BEERE; L, BEBORE. W, BFOEE.

7. V—F-HOEHERBHABEHAORE

V- - OEHRHEEHYRETSEMN T, PHE 0ofs
B, BH=x v F—E%—TBRLTUTOERYfT-/. 5.
BLO6. OERER BRIBEOHETRT) KESE, PHE
25mg/kg, BE =R ¥ -8 50]/ecm* &\ . ICR =¥ Al
Hv 3 - 180MIE Y [ TREE, EEE 5~8mm Kt o7e
R s T, PHE % 25mg/kg O EETHIRAE S L. PHE
BE24, 48, ORI, v —¥F —H7dm]/ v A, BE = *
LF—F 50]/cm! D&HET, BREBCR LT V-~ XBH
iTofz. —BEBEY v, PHE RSEH L v RAMCERE
BOERLARYIIL, 6. CTRULEURLAVTE
EARYEHL, EEHEHBELER L. IRAE X,
Battelle Columbus & IR fT - 72

8. = A Lewis iEEFER T2 PDT O%R

= v A Lewis o\ Tix, PDT OHEESHROBIC
MET, FEME DT HBREF L. BDF i~y Aicfif Lic~
v A Lewis JHEEBYBHE T B4, BEEN 5~8mm kit -
7B & T, PHE % 25mg/kg ¥ 72t 50mg/kg D5 & CHIR
P 5 L. PHE &548RM#HI, v—¥ -1 dm]/ 2
A, BE =R AFE—F 100]/cm® D&4C, BHMESCR LT
V—F - KBE BT -7, 25me/ke B EFE—F 6 K, 50mg/
kg EBT—H8VLL LT, PHE OB R LM EBRAL
7z. PHE B#EEE I VZANCEMESORBR LERLHA
L, 6. TRLEEERAVTEREEYEL L, BEKE
BHERRERL L. BRHET, 6. LARCT .

9. - F=vXABEKEe FEECHTS PDT O%R

R- Vv ATBEEEECHD & MEHERE HT-1080 &
LU0 P EMSE KK-AT 123835 PDT OMBERHRICOVTE
L7, A z—<180EESY A25., 6., 7. DER
MR GRIEEDHETRY) k&%, PDT %#1T-7%. T72
b, CD-1 = Fx o 20ETFTIBELEEEEMN 5~8mm
Wit - 1ol E T, PHE % 25mg/kg OS5 E TRIRHES L
7z. PHE #5488, v —+—HI) dm]/<n 2, Bo=
V¥ —& 50]/cm’ D&M4T, BRESCHLTY —¥ KR
HEFote. —BE6EAR, PHE B 5EH X &K
BEOERLERYIHNL, DRHUBILE . LT 1.

10. EERFTMEOEEICET 5K

PDT & k 2 BERAI~OBBASDREDOFEIC >V THRE L.
ICR = v Ay ra—<180MilasxBETBE, BEEY
5~8mm 127t » -5 T, PHE % 25mg/kg D 4B CTHIRA
5 L7z, PHE #5488 Am]/ <~ 2D L —¥ —Hh
<, BMESCH LTy —F - RBEET o, L —F LR
HoEr, BUEBRICY—I A2 -7 —-7%BRLT, &
A RENERT - .

11. FREMER R

PHE & EDL % fi\~f= PDT OE#4&MH T o kit 2 BEAMK
DEEF ARG OB IOV TR Lz,

Ha—<]80fifA%E ICR = v 2 BHEE, BEEEN
5~8mm 1278 » 72855 T, PHE % 25mg/kg DH 58 CTHIRH
#5 Liz. PHE $#5480RHIC L —v -7 dm]/*v R, B
H=x ¥ —F 50]/em? D&M T, BIMEFCHLTY -9 —
kBHEFT 7. PDT T4, SAMCEEERERHEL,

540 nm; PDT, photodynamic therapy; PHE, polyhematoporphyrin ethers/esters ; SPF, specific pathogen-free;

TBE, Tris-borate:EDTA
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10%=1=Y VICTEER, BHRIEREWZ 74 v 2 EY
L, ~?It*v) v—=i I vRAERTOEFERET cHE
L.

. KK-47 a2 B O =R BEX (in vitro) TOPDT O

1. KKAT fifax FH\ 7z PDT DRz R okst

PDT ORMEEFLHESATLENT, TTRERTAHL
8113 PDT OBERYGBCOVTHEE Lz, EMEROHE
1%, Carmicheal 5° DHEICHE U, AHMAOCHKEEEDORET
BRIEBELE TS FUSCAFAFT S —N24 )2, 5807 =
=T FFVV Y AT r R [3-(4,5-dimethylthiazol-2-y])-2,
5-diphenyltetrazolium bromide, MTT] &% i 7.

KK-47 #ifg% 180ul ©10% FBS fn RPMI-1640 = 1z
45X10° fARETH IS5 ICHEL, BA 7Y=L F L — b
(Nunc, Roskilde, Denmark) O£ v =41z 180 24 Lic.
BACBEN 0—20pg/ml WKied X 5 3% L PHE » & 4
20ul HEL, 37C, 5% CO, T24EFMkE#% L. PHE %41
10% FBS jn RPMI-1640 % %5 (B4, 2004 @ 10% FBS fn
RPMI-1640 ZHi7cic b L, v~ —H1 dm]/<r 2, Bt
ZRNF—F 0—40]/cm? DRLET, v—F—KBHYIT 7.
37°C, 5% CO, T T24R5RIRE#H, 0.15M V vEAEEH A E AKX
(pHT7.4) (phosphate-buffered saline, PBS) (FI3¢#tigk, *iR) 1=
T 2mg/ml #H M L+ MTT (Sigma, St. Louis, USA) %
Bpl FY =AML, THARKEEELL. By R kE
B, PAFNLANT 3 F v} (dimethylsulfoxide, DMSO) (F1¢
#E) % 200p] Ev =Tk, ER L MTT-7 4 L=y
REMLIL. ERBRE~A 27 v- L B LEES
(ImmunoReader NJ-2000, HAA v &—x o V', HE) AW
T, #& 540nm W B HWHKE (optical density at 540nm,
ODsuw) ’Efmﬂfg L.

BRUEZ, WELLBRIEDRRICESE, kR L HEH
L7-s7E 0% (inhibition ratio, IR) & CER{H L7z

IR (%)=(1—-T/C)x 100
T, PDT MefT#t D ODs, f8; C, SHRIFEDO Y ODsw fE.

2. DNA BXKENC X 585

PDT &= & % DNA DA {LBRIEA Y, RREN T PDT %
T 7#ifa> DNA BXkENC X b 85 L.

Agarwal L3, HFEHIHIRY00%VC 7 B 4T D PDT i 3s
WT, DNA DM A {EBEbhic s BELTWA. [. D1, T
DWFER LD, PHE BEY 10ug/ml, BE=3 1 ¥ —B»
5]/cm? & LB BT, BREMHIRNI3.3% Thote s b,
ZOWREH TR PDT 2 HfTH, AEMEO DNA BSKE
iTo7.

KK-47 #88% 3ml © 10% FBS jn RPMI-1640 sz 2 x10°
EEETHIS5HEL, Bmm <Y F v 12 3mlBEL
fo. BRBRES 10pg/ml i2ics L 5% Lz PHE % 304
T2, TRERDT 4 ¥ 2Nk, 37C, 5% CO, D% 724
Fefii3E L. PHE %21 10% FBS 50 RPMI-1640 % %5 |5
=, 3ml © 10% FBS jn RPMI-1640 % $Fi-wtnx , 5]/
cm ORH=FAF BT, V—F—KBHBTo. L—
F-XBHER, 6, 12, 24RMECERERRY ) Fv VA
BTN F v b bfBEL, SIMRL SRR Y
8004 T 5 4 M0 L. DNA o#hiHi%, Echhardt® o5

KELTUTOZ L BT L. Thbd, LEYRIRE
B, vy FRIZKR 5 M 10mg/ml RNA SRR
(RNase) (Sigma), 15% 7 4 = —70 (Ficoll 70) (Sigma), ¥
U0.01% 7 » %7 = 7 —L 7L — (bromophenol blue) (Fnest
) 2E A2 89mM Tris-~ 7 BAZH ¥ (pH8.0)—2.5mM =+ L
Y27 3 VHEEE (ethylenediaminetetraacetic acid, EDTA)
(Tris-borate-EDTA, TBE) #¥ % 504 fnx #=. 1049 v 71735
TRy AZ— (BAAI XS o F, BR) O& v =117,
1.25mg/ml @7 = ¥ A +—+ K (proteinase K) (FIY#3K),
10% F 5 > 5iEE b U ¥ & (sodium dodecyl sulfate), 38 L8
TBE BFREEAT0.8%EMAT # 7 — R &)L (low melting
temperature agarose gel) (FMC BioProducts, Rockland,
USA) % 504l riEtk, §IBEMMA &A% TBE %% 504 in
%, 50CC4RMIEL, BREBR LU RNA O4HBLT -
o, BV VI NE 2% T H a— A5 (agarose gel) (L, N
) T, 20V 1 BER, 2512 90V 3RO BRI EF -
#, 100ml TrissEDTA (TE) ## % (10mM Tris, 1mM
EDTA, pH8.0) sp T L% —Mdc¥e Lic. 05ug/ml D=5 v
&7 B4 F (ethidium bromide) % &K T+ 1 % 3047
Bath, BABBHBUV ' SYAINLIX—2— (ZFay
ER, BR) LTrrdfonst Fr252BWCHRELE.
. #EHEAORES

BRI P H(E B REREE ¥ 71&3:3[7-?"3(5’(/7“ Liz. #FMOF
WEOCEDOBREL, —TLEBSBOH#, Duncan DL EH,
BERAG, BREXASKUT THEEEYEEE L.

B "

[. $La—<180EHEEE B /-PDT OEFREORET

1. PHE 0E##&K 5 &

PHE Img/kg 583 L0 5mg/kg BEBHTIZ, WFhd
BEEoZEMENBD LIz Y A2 o7, —F, PHE
25mg/kg BEFETIE, 6EP2MEBEOSELMHENED L
hicZ kX, 25mg/kg % PHE OFFHRSE L L1,

1500

Tumor size (mm®%)

0 5 10 15 20 25
Days after the first treatment

Fig.1. Photodynamic effect of polyhematoporphyrin ethers/
esters (PHE) and the excimer dye laser (EDL) on growth
of Sarcoma 180 cells transplanted into ICR mice. ICR
mice bearing Sarcoma 180 tumor were treated with PHE
at a dose of 25 mg/kg and EDL at different light doses.
O, control; @, PHE 25 mg/kg alone; A, EDL 50 J/cm?
alone; (], EDL 100 J/cm? alone; A, PHE 25 mg/kg and
EDL 50 J/cm?; B, PHE 25 mg/kg and EDL 100 J/cm®
Each value represents the mean+SE (n=6).
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2. EHERH =N -F

EEBH = X A F—BEORE TR, 50]/cm*BE L 100]/cm® B
LD, ST HEBYROZIRD LR, -2 (B
1). BREEOERY 15mm & LB E, 80Hz ORIEK T
50]/cm® D REHCET B REIE 4 45408, 100]/cm? DRENZ
BT ARKEIL 020 THL I 0D, KEOEEOYESR
HEEMEELT 50]/cm’ 2 EHBH = L F-BL L.

3. V=¥ -XOFEHBHKH

PDT & X 2 HIEBH R, BERHC22H 5T, BERE
BETH-Ton, BBy —F—X2RBHE LR T,
G HBRSREARD bR (R2). 207k, PHED
B EHABEEE, V-V -XRHOBHERL L Lic.

LAk X b, 25mg/kg © PHE %8RB FASBERIH#IZ, L —

1200 9
1000 4
8004
600
400

200 -

Days after the first treatment

Fig. 2. Photodynamic effect of PHE and EDL on Sarcoma

180 cells transplanted into ICR mice. ICR mice bearing
Sarcoma 180 tumor were treated with EDL at different
timings of photoirradiation after the administration of
PHE. O, control; @, PHE 25 mg/kg alone; A, EDL 50
J/cm? alone 24 hr after the administration of PHE; [,
EDL 50 J/cm?® alone 48 hr after the administration of
PHE; x, EDL 50 J/cm? alone 72 hr after the administrat-
ion of PHE; A, PHE 25 mg/kg and EDL 50 J/cm? 24 hr
after the administration of PHE ; B, PHE 25 mg/kg and
EDL 50 J/cm? 48 hr after the administration of PHE; +,
PHE 25 mg/kg and EDL 50 J/cm? 72 hr after the
administration of PHE. Each value represents the
mean=*SE (n=6).
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» 3

Fig.3. Photodynamic effect of PHE and EDL on growth of

murine Lewis lung carcinoma cells transplanted into BDF,
mice. O, control; A, PHE 25 mg/kg alone; /A, EDL 100
J/cm? alone; @, PHE 25 mg/kg and EDL 100 J/cm’
Each value represents the mean+SE (n=6).
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1] 5 10 15 20 25 30

Days after the first treatment
Fig. 4. Photodynamic effect of PHE and EDL on growth of
HT-1080 fibrosarcoma cells transplanted into nude mice.
O, control; A, PHE 25 mg/kg alone; A, EDL 50 J/cm®
alone ; @, PHE 25 mg/kg and EDL 50 J/cm® Each value
represtents the mean+SE (n=6). *, P<0.05 vs. control
by one-way ANOVA with Duncan multiple comparison.

2000 "
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1000 A
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Days after the first treatment

Fig.5. Photodynamic effect of PHE and EDL on growth of

KK-47 bladder cancer cells transplanted into nude mice.
O, control: A, PHE 25 mg/kg alone; A, EDL 50 J/cm?
alone ; @, PHE 25 mg/kg and EDL 50 J/cm®’ Each value
represents the mean®SE (n=6). #*, P<0.05 vs. control
by one-way ANOVA with Duncan multiple comparison.

334
32 4

31 1

30 T T T ~r 1

° 5 10 15
Irradiation time (min)

Fig.6. Changes in the intratumor temperature of Sarcoma

180 tumor during photoirradiation. ICR mice bearing
Sarcoma 180 tumor were treated with EDL at a power
density of 160 mW or 320 mW after the administration of
PHE at a dose of 25 mg/kg. O, EDL (320 mW) alone;
@, PHE 25 mg/kg and EDL (320 mW); ], PHE 25 mg/
kg and EDL (160 mW).
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Fig. 7. Histological photomicrographs of Sarcoma 180 in ICR mice treated with PDT. ICR mice bearing Sarcoma 180 tumor
were treated with EDL at a total light dose of 50 J/cm? 48 hr after the administration of PHE at a dose of 25 mg/ ke
Tumors were excised on day 1 (A, x40), day 2 (B, x40), day 3 (C, x40) and day 7 (D, x40) after PDT.
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Fig. 8. Histological photomicrographs of Sarcoma 180 in ICR mice untreated, and treated with PHE alone, laser irradiation alone
and PDT. Tumors were excised on day 7 after the treatment. A, untreated control (X40); B, PHE alone (Xx40); C, laser
irradiation alone (X 40); D, PDT (> 40).
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I Am]/osr A, Bst = ¥ — & 50]/cm? TO L —
F-NBEyY, UTORREMEE L THWE.

I. ¥R Lewis MEEKESEICHTZ PDT OBpE

< A Lewis Mif!2, PHE 25mg/kg #5-B L 50meg/ke
SR, V=¥ —HA dm]/ R, Bz RLE -8B
100J/cm* D 4T PDT % MfTF L. R 3% @A, PHE
25mg/kg BMFEEBE, L - - HBMBHEE, BL 0 PDT i
#78 (PHE 25mg/kg+EDL 100]/cm?) © Bt g4 =3
PHE BB SHB I UL~ — R EBBHB CRABEEH R
BB LA, »7e0s, PDT AR THVCERSRENED 5
h, 68l S PICEBOMEEIBD bR, BH O | fILEE
AN B L7z, PHE 50mg/kg B 5BETIL, 8GIH 44
2 PDT ff75 HEW T L. BOOABIIEREL, 26IE
BOHEERNRDBR.

100 7
801
60

40 7

Inhibition ratio (%)

-207

0 T T 1
0.1 1 10 100
PHE (ug/ml)

Fig. 9. Photodynamic cell killing effect of PHE and EDL on
KK-47 cells. The cells were incubated with graded doses
of PHE for 24 hr and exposed to EDL at different total
light doses. H, EDL 25 J/cm®; @, EDL 5 J/cm’; A,
EDL 10 J/em? Inhibition ratio (IR) was calculated by the
following formula: IR (%)=(1—T/C)x100, where C was
the mean ODsy value of the control group and T was that
of the treated group.
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100
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Fig. 10. Photodynamic cell killing effect of PHE and EDL on
KK-47 cells. The cells were incubated at different doses
of PHE and exposed to graded doses of EDL. §, PHE
0.3 ug/ml; @, PHE 1.0 pg/ml; A, PHE 3.0 ug/ml; O,
PHE 10 ug/ml. Inhibition ratio (IR) was calculated by the
following formula: IR (%)=(1—T/C)x100, where C was
the mean ODs, value of the control group and T was that
of the treated group.

M. X— k<72 MNEEICHT 2 PDT O%E

1. HT-1080 EMEE 32 PDT oE

PDT 1728 H#C, PHE B 5 R L 0L —+ — 8
REB T, HBECHL, ThEhA2%, 47% OEERED
FEAB O, ZhiZH L, PDT MBITRETIX, 83% DIEEH
FEHIHIRAE S i (K 4).

2. KK-47 BEESB=XT5 PDT 0OpE

PHE BB ERBS LUV — — ¥ BMBH B ©I13, SRE
ERBROEB ISR Lz, PDT BT, PDT 174
35H B TT8% D BB HEHFIRAES iz (K5).

V. EEBFMEOZEC>WT

FAa— < 180EHMER Y B o L —F— KRBT X 5 EE
RIBEE(LORE T, BEMNERER L - —FRH & A
AL, BHE2H5 TS S b —REBERD, FOBIIKRAICE
TL (®6). LaLicdis, BHHREIPHETE 543CH L
DREFRIIFED SR h o7,

123456

Fig. 11. Agarose gel electrophoresis of DNA extracted from
KK-47 bladder cancer cells treated with EDL at a total
light dose of 5 J/cm? after inclubation with PHE 10 ug/ml
for 24 hr. Lane 1, ®X174/Hinc I digest; lane 2, DNA
extracted from untreated cells; lane 3, DNA extracted from
cells just after PDT; lane 4, DNA extracted from cells 6
hr after PDT; lane 5, DNA extracted from cells 12 hr
after PDT; lane 6, DNA extracted from cells 24 hr after
PDT.
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V. REERSRARE

PDT Miffk 1 HEM S, ETHEMROEUHEE S L VEES
BADEFHERPY v AROBEIAD K, 2 HECIEEE
BOBEEERHE Lz, 7 HBCREEEERAROEEES
ma it (7). —F5, PHE BB ER S YUV —v - B
HBHETE, ABHTRERRV T, BEEERCILZLE
{Er@Bdbhish -7 (K 8).

V. KK-47 #RRICH 3 S PDT DR

PHE BEWEKELT, HEEMRIEO LERRRD LA (K
9). ZhitwL, Bg=scA¥—E%BmMLTh, HHEMHE
DEEZED ERRIFD Hhich o7 (K10).

VI. PDT [C & 3DNA OFF{LDOFER

11w, PDT §EfT4 D KK-47 #fd DNA oW TEKK
BEfT o RERT. V- —XRE 6 Rftkh 5 DNA ©
WAL RS S £~ (ladder) #x —VREDLRD X H KT
n, 1265, 24RSEBICIES A — Rk — VIR hICEBE L
Tsotc.

Z ®

PDT &k, BEETROB V- XREMDEL FOREE, B
BHCEBHETOAIENRIGERE SR Z LRI VER
B BIRMIESER X1 DD THAB. 19604, Lipson 57
13, ~T P REAT ) VIEERE R OKERER L BB TAEL T,
XHEEEEMENEL L OBEOPI AT R RALT 4 UV
¥k (hematoporphyrin derivative, HpD) # &8 L, PDT %
fFotz. 3k HpD et & LT, KBE7-27&, €/ v
7 — 7B ERFVHRTERHN®, HpD »ERRCFHE TE
BTNV « B4 - L—+ — (argon dye laser, ADL) 2\ bH
hB XD -7, LEPAE (carcinoma in situ, CIS) ¥ {6 &
UMM Ss eV BB IC R LT, HpD & ADL 2\ 7o
PDT MAREIETH D Z ERRBTHLI Lo L
7L, HpD REB BT 2 BBUIHENSE L, 3~ 4:8H0
Eihcbic b REHRBUESRE OTTEER N H b, ADL &
BRI ETIETELVWLEVIRAEELTWS, D7
», 4E, HD iR b A I W H LUV KBEZIUHETDH D
PHE &, EDL # iz PDT o FAMI OV THRE L.
PHE 1%, HpD iwitx, £ERERRSTHDH~7 PR 7 4
VY DE=—FABIVL AT AFEE L 5L EHEX0%L L&
FELTwaA. BEYERTBHE LA~y A HWERTIE,
PHE OEEMEE 54— 8BRS - 7EX/RL, E
BB L OBREHL, 3.TE B EHBEShTWA"™, HpD
DEEN/ K RELY2.2-2.85TH 5 DI~ PHE &
BEHCTESEREOSVWHWETHH, HEXHEBBECREED
BRI Ens b0 LE LR TS, EDL L, BHEtE%
RiE+5 ADL LN, B, GEEDO VAR Y RET
% . Okunaka 5213, ~ 7 AD K TRBEBECR LT, HpD &
ADL #F\ 7= PDT, X0 HpD & EDL #H\ 7z PDT %
HITL, MED PDT HREEERE b OREFLRHEORE T
HBELTWS., TORR, B = 1+ —8% 50]/cm’® L &E
L7#=%4, ADL T 4mm, EDL T 15mm OB AEENED
H, BHpic EDL & v B cAIEEENMEDR I L B]E
LTwb, 4H, &3k ESERECELK PHE &, k
b ESEC @R EDL #FC, 43 — < 180EME
B, =7 R Lewis BEMES, x— FvvAnBiEke 1B

5 HT-1080 35 LU KK-47 BHEEHIC A LT PDT 2T L
fo. FORE, VThOBBHEOBHER LV CLEVHE
BHREVEDLN, »OEELAFRIRD Aoz, F
7z, = v A Lewis fifEEHEB T2 PDT O#R, PHE
50mg/kg HEFITR T, 8 Fld 4 F (50%) #° PDT #ifT 5 A
BIZFETLTH D, BEIFREOBRRE V5> 825 PHE O@F#
ERTPDECHR EEL LML, EbIT, #2— <180@EH
EEr A UREAMERN 2T R, PDT M8 2 H
TEHRCEFAKBOBELAHE L, PDT MTH 7 BILA#
ERESEEERBD LI, LEOERLL, EHEHETT
PDT #MifT+AZ & s b, BEFCIEEOBFICHEMAR
<, WTERAEWHERSHRNELN, »OoEBREIERNE
Dhhith ool £ LD, EXNBBHFO—2L LT, PHE &
EDL %A\ iz PDT i@ THRAEE LA, EDL ERL
$, NN ABEERRERETHEKRST Vv —F — (gold vapor laser) T
2, V¥ —HBEC L AEBEDORATEE AL H-, XD
FHOREEDRCEHSDRIMEK IR TV BAEEE R ER S A
TW29, 4@, 4= —<180EHESY BV EERATO M
BRELRAER, BRYRIABLI P43 CLUEORELR
BES LAY, EDL W PDT IR W\TiE, BESROF
R RS bR, HESRAROE DR RN
SHDTHAZ ERBELM LT,

b hEEBEAEARA KK-AT # A BREMC BT 5RR LD,
PDT i E&MiasRiz, AVicBEE=3LF-RLDD
PHE EEWCHRE L THEB AZD M. LL, ERoT &<
BRD PHE 51 L h ERBYOFECELEALTE D, B
KOIGAT AR ERREORE/RDTERTHD LE
2BND. EHHEMRIEDA A=A 2ELT, 2471 21
FTIDZRBEIEELTWAEELLRTWS. Thbh, B
BEBENCERLEERBOXREIUEDECRBHETS
L, BR-EEREOXRTUDBE LTS, BE—ERRK
IR 3 AF—RCRAREETH ), —EFEAE R L CEE
REBCR B, ASSEERERICL - T, L) RECHIE
SEREREBCEHBTETS. 2171 TR, BEZERRE,
SO T~DBFBE, FlBRES EHEIELT, BF
BFREBEDOI CHALNBE IR, BEFTOT O H LR
ERIETAZ LI L-T, BEALY (peroxide), & Fr¥r 3
2 A (hydroxyl radical) EHIZA = —F F ¥ F7 =% v
(superoxide anion) AMEF &N B 524 71 T, G -E
EHREOERTHWED L EEREOBES FIC=r ¥ -8
A U, B{LHDEFEWCHE  —EHERR (siglet oxygen) 234
WEha® PDT X AMRBEE, BAED L ZAFIIY
BEIEDEA 7T L > TERIN D —BEFRFIC LD E
ExHRTW5Y, PDT KL AMIAENRE L LTEIhE
TIbavRYT, MR, AV Vv -alcEREZLRTE
T523, B R B ST 2 MaPENER T,
REBmEIN T, ABRERICEIT S PDT ORE T
FEBRABICRTHMREERIUEDE L OBEMFRIOZC X
n, EENE LLMBREBESRZL-Tx D, HpD & Ok
fA 1 BEHLL T OEBRRTIE, MRECEENE—KEZLD
st LT, BRTOBRREECELT 2 RNEEMOERR T
12, MABANEEOEENEZ 5 LREShTWEY, BE,
PDT I X AEBREFE~D 7 K + — & A (apoptosis) DEHE A
EEIh2 X2/, 19914, Agarwal %2 L5178Y < ¥
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AV Y ABHIRCN LT, XREMHBEL LTI/ T LS =
v A7 2w %A 7 = (chloroaluminum phthalocyanine,
AlPcCl) 2 AT PDT ®MifTL, 7HEr—vARN@ED LR
ZEFBRELTCGD. THEF— AL, 19725 Kerr 522 X b
R I HIFEOHRED—> T, B &R 5 BN
ETHD. BEEMCIEBEREADOZ v~F v D@RES, B
BILUOHMREOERME, WA LXRD bR, £(L281132180—
2008EBA (FV 2R 7 Lk — AHEA) © DNA D¥FE(E2
Do HPH . Agarwal 5%, L5IT8Y =w 2 U v EH
% 1585 AIPcCl &3t EREBREL, XBHY TV FORKE
PREL T, ZOKBRRTIE, DNA DK LB ST, R
3008 L h T THBEL, RBEOEE LT E OIER IR
LTw3. 4E, e b ENESRSERR KK-47 22480,
PHE k3t B8 %, PHE #/REL, EDL 2 FULC LV —+—¥
BHEfTol. TORR, v—v—XRH 6% L v DNA
DU LRENHER L, BEOEE &SI A (L OHR AT D
bl 4EEE I PDT & %5 DNA O A{bit, B
DEB/E L HIHETTHZ LD, DNA T T2EENE
LR X 2EEORKRTREL, =V FR7 L7 —EHH
ETARAERIGZIAT R — v ABRRIETHAD £ L LR
5. Agarwal HY OREEE R U<, PHE 2K TO &4 E L
T 5REE Q4BFM) B ez bl ), £ETOPDT I L
LML T AP~ AREEL TV B LD EHE IR,
SEOKRFC X v, PHE & EDL %\ PDT REHEER
HRBESREYRL, »OoZEHBRE&SH T CEEREWEAN
BOLREM Sz En b, BEKEMEEEC SEEREAT
EDFREMARE I NI, ¥4, PDT OBHREF~DO 7 &
P = ADBENRE I T,

& ]

PHE & EDL #F\ 7z PDT OF BMicowT, =7 ALk
BHERIUVR - Fwy ATBEEe MEEY A TR L.
i, BEMEEAVCARHREFCOLTHREL, UTo
"RIEONI.

1. ZHBHEETTO PDT Tk, WThoBERNOBE
BF R THEEHFFENCE CRAEEDRNE SR,

2. ERBHEETCO PDT Tk, EEXEWEREIRD S
high o,

3. PHE & EDL % 7 PDT Ti2, BBSRYHF TS
BASCLLEDRE FRIIGOSHT, ~1 83— — 7L 5H
BESHREEOBEIZA LW oh - 72,

4. BEMRTACRARYROKE TR, BE=%1
F—B L3 LA PHE OBEEKE L TRMRSREOEE
BEDBRI.

5. PDT MEfT#kiC4T » 1o B8 D DNA BRIKEBIC T, 6
FEf#IC DNA OB H (LSRR D bh, ZOKA LRSI &
RENCHER Lo S &b, TORMBERE 7 # b — v A piE8
ELTwWaZ LpREB AN,

6. PHE & EDL % f\ 7z PDT i, BIEM:REE B Lo
LTHBRIGHATE S HREELE L bR,

E | &

WERZ DBy, EEELEEMEEE D ¥ Ui SRASZEFMIN
RBBEHBRNHRDER S TR KENAF R LR LR

F

EAARBEHBC R MBLR LT, ARG BT h Y
e LA ZURBHEMBAERBLEHZCELRHOELEL
. i, AMROBRTICHEL, EEAEE, HEIBE : Lk
BARRFLEREBEPERDHB O L D BB LET. 25
W, HEE LEBIEEE E Lkt MR BB RS TR R S
CIBAPT R LR NE R A A CRE - LT, feTok
IEBEBNEERD £ L REBRBIEREERL, o0 ATER
{LERREROERCEC e L EF 4.

Ik, KRXO—H, HoEEEXLERELXL AT RS
(19924, JeJll), 581 HAWRBHELHBS (19936, &) kT
ERLI.
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Abstract

This study was carried out to assess the antitumor effect of photodynamic therapy (PDT) using a combination of
polyhematoporphyrin ethers/esters (PHE) and the excimer dye laser (EDL) on transplanted murine tumors and human tumors
transplanted into nude mice. The cytotoxic effect of PDT on KK-47 cells derived from human bladder transitional cell
carcinoma in vitro and the mechanism of PDT-induced cell death were also examined. To determine the best conditions for
PDT, ICR mice bearing the Sarcoma 180 solid type were treated with PDT using PHE at different doses (1,5 and 25 mg/kg),
and the EDL at different timings of photoirradiation after the administration of PHE (24,48 and 72 hr) and total light doses
(50 and 100 J/cm?). High antitumor effects were obtained when mice were treated with the EDL at a total light dose of 50
J/cm? 48 hr after the administration of PHE at a dose of 25 mg/kg. Under these condtions, an equivalent antitumor effect was
obtained in transplanted human fibrosarcoma HT-1080 and transplanted human bladder transitional cell carcinoma KK-47.
No side effects were seen. No thermal effects induced by photoirradiation were observed, although tumor temperature
during photoirradiation showed a slight temperature rise. The cytotoxic effect of PDT on KK-47 cells in vitro depends on the
concentration of PHE rather than on the laser intensity. Additionally, DNA extracted from KK-47 cells, which were treated
by 10« g/ml of PHE and 5 J/cm® of laser, was observed as a ladder of DNA fragments by agarose gel electrophoresis. There
was increased fragmentation of DNA with time. These findings suggest that PDT with PHE and EDL can be expected to be
clinically applicable in the treatment of malignant tumors including invasive growth, and that PDT-induced cell death partly
results from apoptosis.



