Cellular Uptake of Photosensitizers and
Photodynamic Inactivation of KK-47 Culivated
Human Bladder Cancer Cells
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~T AT 4 U B (hematoporphyrin derivative, HpD) OURMY, MR <2 bobds X M IHR L S5l
%k bR B RSEEAE (KK-47) B CRE Lc. HpD 2 8080 T30 RBIIR b = %8704, MI% BEs oo L
re v IR, FORER, #EE HpD B OBREMOEA L L 32 HpD £446412380 Lc. %7 HpD %8 0 AA
7 KK-A7 ffgic 7 v 2 — B v —F — 36 (JH 63045nm) % fRE L, HpD DI b A SkER & V—F =Y X BRI DS
EHREHLOBREY = 7 = —BHETRDA. TORE, MBEORERLEER D AXBORIEs HpD BEORIME , Wik
HpD #E# gt O BFBMHOMAEGER S i, i HoD M%EHICET 5 HpD 5 ToRob ik o iiic s LT, =
B DRI LE S MRIPITO HpD A HOREL KBRS ROBAIC KA E CHFE LTV D 2 LR b d 7ot
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WFED V—F —FMOSH ICERCEE, BRERICEWT
bV —F-REDIGADEERT>0H%. inhTh HHEH
BEHD V-~ RBHIC L 5N HEAEIRE (photodynamic
therapy, PDT) B&EZEBICRAL N, BIFHENE LN T
WA, L LA bS8 DI hEYRy | L35 gt
EICHBRA, & OB FCENEH ORI RD LR
TWa. 0D OERWIIEE LT, BRRACET 58
BF D5 FHE” 2 RARY R RIETHEC oL T ORI
BELEREYE O EEILRS.

2 CHRE, BARIGHABREL LTCERA SR TV EHEHA
&b MEMESREEFRMR KKAT) 2 EALTUTO X 57k
FHEfTofe. TiobhbEMRNT BT 5 HEER D45 FIREE,
L ObITERE - REFEOVCTHRORER & » THIRA~HELD
dEh, TOBRELLTERL Db, FOEBY 5 HFHREIC
EDHOME LI BT, HEAS FOLHFHREBOEN LS
HHBHROME Y BARR TRE LD THRETS.

~= AT 4 U vEEHEME (hematoporphyrin derivative,
HpD) i% Lipson H¥ 2 X viEDBHIC, B IV Kelly 59w &
DR D Z2HT - YaERC A X, Dougherty & {0 FEFF5E
FVR L) hOBMEE OBBICHA S e, HpD 2, %0
BhBEERREEC X 0 R T 4 ) v OREREEIEEF -
TORUEBEORELRHCFB SN, EXBREIhi
HpD £ FOEZBMRHEC L W ERBEEORBIC LEHE
EhTwb. ZORRDRE, ENERERO T NIERER
HATHpD 7% X b % ST B ML, 630k5nm DR
R X W ERT2BE—EERRE LT O VEOENR
ROVEMRA B TA i b b0 ThHS. EREEERK

CHETH HpD HFORHAZRD 2 h = X AR FDHFOHM
PREBMIEOWTIE, WERTSITIEE LA IR T
V. Kessel? 134 X 8 0 5 fifs f Sk S5 L1210 fdsu
T, HpD S FDOHAKEBRES VBRI R A CERT5 &
#WELC\\%. Bonnett 5O IEEKE I v~ 57, -1
&9, HoD BEHORGOREHTH A e P LM L.
Moan 5", YH2RMEEIC S\ CR L A% HpD O 4t
BAMOHBETHD LHRE LTS, FRLSNCILE DR
BrEBEBABNC SO L 3o FIHEETR VAT ATV 5D
2, WERBELAE IR TWIRCORTRTES. HODHE
DEBLEDO LD, BLA®e HpD OS5 1t—20 R
T4 VVER, OO0 R=EEBREEYTEL TS,
ETHENBTOND. ThEhORSBEDIERITIZ L
AEREIGECIIWEEZ DN, Th S DS BEREINIC
EDX ST L VEBERZD 5 BRI A
n, BETHONEMBUTHZ LRBEETHIILELLNS.
I CaEN, XHBEH S FON TIHEOBELHARIA <Y b
NABBTEHEARZ P ABCKRBRENBZ E2FIAL, M
P 380) 5 X HMBRHS F OB THEBOE(L B S, T5 B
By CHIE N O JEBIRRETE O o Y M A JE Lz,

HHRELUHE

I.# #

HpD % Roswell Park ZE.&BF92FT (Buffalo, NY, USA) @
T. Dougherty {4 X b EI N BRABRELFR Lz, ~2
F-12 S8 (HARBE, TR 1, BRINARZ b - BHEAS
7 bv - mEFGE OIS, KK-4T iy rrsicEm L.

Abbrevations : CMC, critical micelle concentration; CTAB, cetyl trimethyl ammonium bromide; HpD,
hematoporphyrin derivative ; PBS, phosphate-buffered saline ; PDT, photodynamic therapy
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4 — 7 MEM (B KB3) 13 L —% — XREHc & 5 Blbash 2
oEOEIC, KK-4T flsD & HHE Lic. RPMI 1640 #53
W YCHIEE, KB 12=-V » e EAREMROERECERL
.V v #EE W (phosphate-buffered saline, PBS) 2
Dulbecco D AW, TichbiE{br 1+ Vv 48.0g, Hikr v v
A£0.28, VB2V o adEK 1.15g, VVEE1 AV v A
0.2g IEEK 200ml WHEMIRIzb ORI,

1.5 &

1. EEMlR X UEELT

KK-47 MR M4 B\ T e b EERR A S L
BT L REMRTH Y. HIFHAUBCEL To KK-4T7
MEBEOEROHFE I Miyssh O FEXRAWL. Tbb
10°cells/ml R D KK-47 il #® 5ml & 200pg/ml @
HpD % inx THEPTIZC3TC, 3 RERIETE LAARPIC HpD % B
DRERI. DT A F-12 KEEH T 2 EYe% Ll HpD %
BELicbDFAV.

==Yy e BRI dd i~ v A ORI B U TR
x4, RPMI 16840 B3PI TITC, CO H AR HEBR TR S
fToitc.

2. HHEFEHRETE

1) WIRE L OHER2 +AHIE

HpD OEIRARZ b ZH B HHES UV-190 8 (B
B, ORE) RERLAT L. WEARZ b AR EXE
#8508 (HIZ, B3 2#ALT, »— % I VBBETARY
FARRE L, MEREARS P ADORFREERETRER,
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Fig. 1. Absorption spectra of HpD dissolved in various solutions.
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AV AR LD BRAEBEOHEREYRREL T,
PBS G 398nm, HEIEMHF (cetyl trimethyl ammonium
bromide, CTAB) I - /V¥¥K Tit 400-403nm, KK-47 HARuR#
¥ Tix 408nm & L7,

2) MEFHaE

NAES-400 B3 Yt HFARIESERE % AV CROERE R 2 E
L, BYERRE= YR a—v g VELID IV E 2 — 2§
WERTVWEERGYEH L.

3. v —XRELE

ERM—Buc> % KK-47 MilE300f@%10% 0 v v mEv-ais
4 — 7' MEM 558 Db, 37C T8RRI E Lic. T oMk
DI ERIT6L.9% TH -7, MMEXEE A — 7 MEM £
BRCEA~ORED HpD #F2MA, TOBETITC, 305
[ KK-AT #523% U7:. BB HpD %258, 37C, 5% D
CO, ¥ ABEHIB/TO, 2, 4 & 6RFEIER L. THhThOk
EMA10% DY v MEY SLHBRCHREL, TLT7ArTv
—BFE V¥ X (HiK 635+5nm) CTREL, MilkkHT L
o 2BEEE L. TORMBRITa m = —FREIT LD
BELE. V=¥ =374V L —+— 171-07 # (Spectra
Physics, CA, *kH) T®BE L — % — 37503 & (Spectra
Physics) & ByEFHk Lz X EH L.

B #

I. HpD OWIEARY b LD LB
Ris bR Rir 5 HpD OBIMA =2 P ARRIEL, K
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Curve 1, PBS; curve 2, 10 mM CTAB; curve 3, 10°KK-47

cells/ml in PBS; curve 3, 10° KK-47 cells/ml in PBS; curve 3", 10°KK-47 cells/m! in PBS. Concentration of HpD in curves 1
and 2 was 6 ug/ml. The KK-47 cells were exposed to 200 xg/ml HpD for 3 hr, then washed with serum-iree Eagle’s MEM
medium to remove the free-HpD. Thereafter, the cells were incubated for 6 hr.
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BafTor (1), #h#k 112 6ug/ml © HpD % PBS K&EK
., M2 XABED HpD % 10mM O CTAB KERICHER
TRESEOBINA 2 MARRTH, B 20 402nm K
VG AREEEA AR | I LTk Lis. ¥ 7 PBS KB
IR WTIRHR LRI B EBD 370nm 1T g L £ —HF8
Hhhts, —F, THEBE TR 2SI 2EEEMD 22
OREAIL, HE LK LTELEEREACBE LT
7.

B3, 37 BLOT3” 1k, KK-47 il 81 5 RN
A7 M ARRT. S¥hAAREZTALR 105 10), B IO
10°@/ml ©5 5. BEMBEPAICET 5 KK-47 Sifafks #x4
Aol T 1 Mgkt h o HpD 4FOEZEA LT, 370nm
DENETDV 2WATHELOD 3T0nm D> g M F—iZvFh
I EBDd b,

I. HpD OHEXFRHIAXRT ML

R2wests@igizrh£fhn PBS, 0.1mM, 1.0mM,
10mM © CTAB 3 AEHKHE & O KK-47 MR ik
7% HpD S FOEKIEHARZ FATHS. KK-47 HIEAK
i+ % HpD 4 FORNBAIL 63dnm & 694nm FEL, £
hbiz PBS KEWH TORNEAY bob (HifE 1) LB LA
B, #920nm SEFEEMACBH LT, ¥ ol Egt
CEWT, WS TRIASIZTEL 670nm IH L MR
HWRHBELL. 2T 670nm KRBT AREHEYRBEI 5
DI, CTAB DEEY L L THEA7 bALRIEL:. K2
O 2, 3KBWTIE, 670nm WEXEHEKE LY -7 HH X
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Fig. 2. Fluorescence spectra of HpD dissolved in various
solutions. Curve 1, PBS; curve 2, 0.1 mM CTAB; curve
3, 1.0 mM CTAB; curve 4, 10 mM CTAB; curve 5,
10°KK-47 cells/ml suspended in PBS. Concentration of
HpD in curves 1, 2, 3, and 4 was 6 pg/ml. The KK-47
cells were exposed to the same conditions as those in Fig.
1. The excitation wavelength used in various solutions is
described in Materials and Methods. The value of curve 2
is described twiofold. The value of curve 3 is described
tenfold.
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Ya M E=BHBELTHE. The LTHE4es0 iz
670nm ORI — 7 HBH LY a LEF— 13 lE L, KBKFD
BHEEH BT AUNEMHEITHMER 1 Tl.24L7c s T 5,
CTAB : €« VSO, REEMC BT 3R EMECHT 58
FRMA (630nm) BT AREEBEDHLIZ, CTAB BE T
CoRTEHA Lic. 670nm 231t 5~ g L & — 2 HikR 3 IR
hAZ&<Z, 1.0mM CTAB I L BREFIEBNTHHD LR
72. L» L 10mM CTAB $ AP TIL, HpD £4843F
HIwLOREHRC L VEELTHD Y 2 VX —ZHEL
Tu7o.

1.0mMCTAB I £ LB AHICIIT 5 HpD DRFEA <2 L
g — v, FEHE HpD 238 LBRE Lictko, My =
Fhtr HpD REARZ btz — it I —HLTwik. L
=28 T, KK-47 IR b = ¥ hic HpD 4 FidLaik s
LTHEELTWALDEEZ bR, 10mM CTAB FTizE
BRAY -7 OUXBESI KX TRERMN Y — 7 ORREC K
NRTLITERTH Sk, —HH I e ETHDL.08 LU
0.ImM CTAB T2 ZDHRIZFHFH0.95% L 00.30TH -
fo. EHIZKK-AT & R BRI ERE T, Okt
0.73CH 7. LLEX D ImM CATB B & kb D FRE
RELLTHS L0 LRI,

HiR 1 LHfE L ER B LB E, EERALRERMO
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Fig.3. Fluorescence emission spectra of HpD. Curve 1,
Ehrlich ascites tumor cell; curve 2, free-HpD. The
incubation time was 3 hr, the incubation temperature was
37°C, and the concentration of HpD was 50 ug/ml. The
excitation wavelength was 405 nm.
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0. HpD O#EEA - SHCHETFIRHAARY PLNEZ~

H3DEHT, =LY v e DRKEMEE 50zg/m ©
HpD & HICC37C, 3FSMERL, MRMCHRY Z e
HpD OMICEEMEIC & DI LIcREART btz — v
R, EhARRHRAKEEERT 5 HpD ORI
z—VERT.

KBEBHC BT HEREEATOREE — 212 612nm TH -
2, MBERE BT AREE — 212 632nm THotz. Tieb
$z 2 Ch HpD pAflfap iy 22 h b &, M2 LA
g12nm BT A FEI - 7 XRBERMC Y 7 P L, RBEH
EaEL L.

V. HpD D#KiEahig

®4DXk 51, PBS KE# E0.IMCTAB § © VKRBT
A ROCRE MY, B R ERNEEY R L. HpD 5F
DHINEFONE (BAF V)2 CTAB D7 ve=v o5 (B
LA V) EfREELeT, KB EFO HpD O-EHi2 I &
ADREETZ L D BEETHERRMOA TS, L Ligh
5 KK-47 #HfICER » Z ¥ hotc HpD ORKRF iR L iR 3 o
FATHAUOMBETH 7. PBS & I v L KBKBTOH
YFaEFhER 16.2ns & 17.9ns THo7o. Fh KK-AT f#
M i 5 EFMIT 2.4ns, BFWGHSIE15.2ns TH-7z.

V. HEEERMICHYT S HpD ORXFGESIVEFGRIL

DE{E

513 HpD %\ o e AS0G5ER h = @ik, HHED
HpD ¥\t LB OB T2 HEFFOE(LS L
CHEFGRS OEEGOENLERL TS,

PBS (#i# 1) & CTAB 3 A KEE (M 2) ki 5 &6
WE(LIIRD BRI -1, Hiff 3L FXThEThKFHD
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Fig. 4. Fluorescence decay curve of HpD in two solutions
at room temperture. Curve 1, aqueous solution (pH 7.2);
curve 2, 0.1 M CTAB micellar solution; curve 3, 10°KK-47
cells/ml suspended in Ham’'s F-12 medium. The decay
measurement was carried out 6 hr after washing free-HpD
with serum-free Ham’'s F-12 medium. Concentration of
HpD: curves 1 and 2, 0.6 #g/ml; curve 3, 12 pg/cell.
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TEEREZNE, ZOSINIERBEARRTIEONRT,
HpD 4FAMRE L HERT 21 Lt TREEHRNEST
THZERBRTADODEEL DRI

VI, SEEERICHT 2 REMOEL

B HpD 2V Lich L O« ORBRIFMC ST 28 E
k& £ 4&10 HpD ORGSR 4 i+ 5 71z, HpD %
h oz ARSI T A S VER Y —¥ — (5 635+5nm) %
BHL, ToXEMhr e = —BREC L DHE L.
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Fig.5. Changes in fluorescence lifetime of HpD with
increasing incubation time in two solutions and KK-47 cell
suspension at 37°C. Curve 1, aqueous solution, 0.6 ug/ml
HpD; curve 2, 0.1 M CTAB micellar solution, 0.6 pg/ml
HpD; curves 3%, 3, and 3, 10° KK-47 cells/ml suspended in
Ham's F12 medium, 12 pg/cell HpD: curve 3/, fast-decayi-
ng component ; curve 3%, slow-decaying component ; curve
3", pre-exponential factor.
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Fig.6. Survival curves of KK-47 cells irradiated with an
argon-dye laser light (wavelength 63545 nm). Concentra-
tions of HpD in curves 1, 2 and 3 were 0, 20 and 40 ng/
ml, respectively. The laser irradiations in A, B, C and D
were at 0, 2, 4 and 6 hr incubation after the free-HpD
washing.
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7% HpD OXEMIL EOBRECHEWTL I bTHTh o7
L2 Ligdi b KK-47 MO X RERORE R, HpD BE DR
K, BLOEH HpD &F% ¥ Lk Lo ORISR D&%
BEORTHEA LA, KERNBMET, 4L ECEERA
7z,

% 2

PDT OHBBHRY B LS B0, RHEBRDHRCER
RHIEAOMEIRDOID . ZTOLDOEBNTEL L
T, AR PO 351 B EMERH O S5 FHE™ R RS RC R
ETHEBC OV TORMRIEE L EREROLEL LRS.

HpD 13, Z0BhAEBREEHECI DALY 4 VUV vok
BB AV COBRERORELBRIECHE I, 1
HEE & hiz HpD S F iRl Ric X v BREEEO
BRCHLERAIh TV, ZORBYRIL, EXEEEROTS
MIEFEBICLXT HD 5 F% L 0 &S ERT B 5 &,
630£5nm DHREIEMEIC L b ERT LR~ BEEREE 7212
FUNANBEOERBENERRE BT I L BL0T
5.

BHBEEMABIC KT A HpD 5 FORMOAAD 2 =X a2
LD FORBRARBERMCEITHHE TP e\, Kessel® i3
R 3 O[MmMAFRBREREMR L1210 FickwT, HpD 4Fo
BURMERBEER S 0P R A R ER T2 L BE LTV 5,
Bonnett LY REHEKG 7 =~ #5574, —ick b, HpD 114
BORGDBRAEHTHD Z L EB LM L. Moan B3,
KDEHHRIC R TR SER HpD ORI BAROHE
THHERELTD. LML E DB E 2 B S S
RICED L S FHETRIAERTOLBEDH, WELHS
PZIRNTWIRVDRBRRTH S,

2 THE, BRICHBRES LTRBAIR TV S KIMEH
& e MR BRI (KKAT) 2 LT TFD L 5 ek
HEfTorc. TRODEBRERHD S FHEEDT L AR A~ 7
FABBLREFA P AF SR hDZ E&FAL,
MIIPIC T 2 X MBH D FO L FHEOE( L2 B b T 5
BB TRIAOXHBHABRO S HEL2RE L, »FHED
BE L 2RO E L BRI LT,

bhvbhide b BB RERMIE (KK-AT) % H T,
HpD 7 FOMIEPIIR b A% & 4B L <ok s
U, BBH RS 20 CTAB $ w LB#FIC 312 HpD 4 F
DFHEE LB L7 B LIRE L7, 1@ il
HpD O KE RN RIT PBS B R T EREMCE
B LIK\GAR Y b L% Liz. PBS th3s 1 08 CTAB § A%
BB B MEREE RS ORNRE I BSY Tt
Mo fod’, FEMIREAIZ IS TR HpD DR B H &
HpD DEERMERBBOTHAL, F/ 2 B LR R
ZRLIc. ZThLORRP 51, HpD BEBHH T & 264K45F
EEMIHRBCE A L, FoBRACSARE TR
WOZERARIBZBIT LTV D ERBE AW, L Eyk
NIEMARE 1 TRT &3 RRINA =2 VB bh B bR
hic. Figbh bl 112 6ug/ml © HpD % PBS A¥HIC,
% 2 WX FBEED HpD % 10mM © CTAB KIS MRS 21
BADORIRAR Y b ARTRTNR, 20 402nm w1 5%
MEEH AR L W bt LTk s, %7 PBS KESHERIC 35\
TRHEE LCRENB LB 370nm 12> 5 L4~ 2380 b

7z, 307Tnm & 402nm QORI FHEFR, KEKHC BT
5 HpD FO&Ath L BRI HK T HHEL v PBS thirc
B BRA#IL CTAB KERHPTIREE(LSh, CTAB &
NVEBMBERCHALTWBLDEEL b, I5CEER
RBATR, KKAT REAEAT s hT L @lRb- D0
HpD £ FDE3EHA LT, 370nm DWAEE A 2 Hd T+ 5 &
DD, HpD FLAHIMIRACHEEL TV Z L8R EH
7z

K 2@k PBS, 0.1mM, 1.0mM, 10mM @ CTAB § A %%
s & O KK-47 RIS I 3511 B HpD 4 T DM ERK =
R P AERLTW S, KKAT fifaRc 15 HpD 4T ok
JRKIX 634nm & 694nm WAEZEL, Fh 51t PBS KB R
TORKEANZ P (MR 1) & LB LSS, #20nm a5
BUCBE LT o, ¥ oMBEERRCES T, s oF
EhBZEL 6T0nm CH L MAREEMHELL. £
670nm K HIT B REH L BB I L B0, CTAB ORES
ExTHHARZ P ALBELY. HpD HFD 20D » LR
FUNEIL CTAB 2D AF AV RDT VEZY AL F v
ERGHREETHZ ERTFUER®, HpD HFDHELT 4 U v
BRItV AROBAEOBRECIR OATATCLS D Lotz
bha. CTAB 20D 3 2/ EREE (critical micelle
concentration, CMC) 1225CIZ B 2 BEREHERE L 5 JE
{E220.9mM T, CMC AT % L < 1% O3F T O EE i 3T
TEAFEKEFER TS, R2OME2, 3TRINDIE
<HIH S A TIE 670nm KEKRERC— 2 BBy 5
AE—RHBELTWA. FRICH LTER $ e L KT, #
MATRINDZTEL B70nm KALREF LR — 2 5
BUNIY a M F—IZHEKR L, KRB R OER BT BTt
HEMER 1 Tl.248 75T, CTAB § v L BEFD, B
BRI BT 2 REEECHTHEEEMN (630nm) k)5
REAEREDLLIL, CTAB BEAHTIOATRA L.
670nm KRBT BHY a L X — BB S HREINBZEL, 1.0
mM CTAB { L BEHIEBCTLED LR, Ll
10mM CTAB ¢ /L B¥ Tk, HpD 2864 EH s w10
REDRC I VBT By a L £ — 2k LT, —
T CMC LUF & LS 3 F D0 OEES;, +iebbii 1
B TIZ, HpD 1257\ L10fE®D CTAB 44 F &2 LT
WALDEEZLRBT. i e BN THB LI AHD
1.0mMCTAB § /¥ IC 3135 HpD DRI R =7 b L3
£ — v, FEHE HpD % #5% LIRS Lo, Mlachiy = %
N2 HpD BEHARI PARE -tk —F LT, L=
25T, KK-A7 fIlaPNcER D Z 247 HpD 5712284 e L
THELTWA LD LEZ iz, 10mM CTAB it
B — 2 OMERENATREEN © — 2 O¥REIT L
TLIMERTH o, —HEifi s A TH 51,08 & 050, 1
mM CTAB T2 D RIZEHNFN0.95% L 00.30TH » 7.
EHIT KKAT v b BNt R IF MG R T, FOHI
0.73THtc. XY 1mM CTAB B¥ & 4 thrh D4y TS
BELLTCVW AL D L g,

R2oOmh#R 1l EHR4 &l LB, GHENEERE
D — 2 DEICKERELZES RV A 413 120m B
EEMCBELCV5. Zhil HpoD 4 FORBSHRAKT
hWEEBLITTVW54DEEL NS,

R3CRENDERY, KBEEPCET 2EHENTORY

S ST
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v— 7k 612nm TH o7, MENCET»RXE - 71
632nm ThH 72, TibbZ ZTh HpD 2fIRAKER b = %
hpe, K2 LA 612nm KRB — 7 REBEEN
wRBEL, FRAEREIEA L.

K4Dk>ic, PBSAKEHK L. IMCTAB 2 LV REBRICE
2 MR AR — fE BRI R & R L. HpD 4%
OANEEINLE B4 V)2 CTAB D7 vE=v 2% B
4AV) ERALR T, ERKERSP O HpD D _Eikil i +
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Abstract

The spectroscopic properties including absorption spectra, fluorescence spectra and fluorescence lifetime of hematopor-
phyrin derivative (HpD) were measured in a KK-47 bladder cancer cell suspension, After washing out free-HpD, HpD
aggregates continued to increase the longer the incubation time. The KK-47 cells incorporating HpD were photoirradiated by
an argon-dye laser light (6305 nm). The relationship between the mode of cellular HpD uptake and photodynamic cellular
inactivation by the laser light was studied using a clonogenic assay system. Cellular photoinactivation increased with the
increasing concentration of the external HpD and the longer the incubation time after washing out free-HpD. These findings
indicate that the photodynamic action of cells where HpD aggregate is stabilized with incubation after washing out free-HpD,
is significantly stronger than that of the cells to which HpD is bound weakly immediately after washing out free-HpD.
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