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Mechanism of Photodynamic Therapy using 9-hydroxypheophorbide-alpha
on HeLa Cell Lines
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Photodynamic therapy (PDT) is a treatment utilizing the generation of singlet oxygen and other reactive oxygen

species (ROS), which selectively accumulate in target cells. The aim of present work is to investigate the photodynamic
therapy mechanism of 9-HpbD-a-mediated PDT in HeLa cell lines. We studied the general reactive oxygen species
(G-ROS) activation after 9-HpbD-a PDT using fluorescence stain with H,DCF-DA. G-ROS activation observed after
9-HpbD-a PDT and higher activation condition was 1 hour after PDT at 0.5 pg/ml 9-HpbD-a concentration. Sodium
azide and reduced glutathione (the singlet oxygen quencher) could protect HeLa cells from cell death induced by

9-HpbD-a PDT. But D-mannitol (the hydroxyl radical scavenger) could not protect cell death. Singlet oxygen played a
decisive role in 9-HpbD-a PDT induced HeLa cell death. Type II reaction was the main type of ROS formation at

9-HpbD-a PDT.
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%7&3}111‘{— %Li ﬁt’éﬁr@;oﬂ oA ZRFO FEE
&3l 10-hydroxypheophytin a
O]% F7) = o] gdte] FE3
10-hydroxypheophytin®} 10-hydroxypheophytin a =42
FEAE #7184 T e 72 2 o 5] 7%
8} 9-hydroxypheophorbide-a(9-HpbD-a)E ©]-23}5ich 3¢
< FAAY A FE45E YERE 670 nm diode
laser (Medical Laser Research Center, Korea) & AH&-5}31 T}
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Z vhA 2 30%, 147 3AIRY, 6AIRE, 12413, 24A13F &
717ke] wellel DMEM Hj¥<of <21 H,DCF-DA-EY (1
uM)E F7kska 308 F9F 37C7F FRIEE 5% CO, Al
EHHC’WIOHH worsteleh. 2eja MEE wjgelor
% % w}Z confocal microscope (Zeiss, 510 Meta, Germany)
L o] 83+ excitation 488 nmolA AE W ZA) G-
ROS %S #&apirk 7123 9-HpbD-a®] A HEHLS
excitation 633 nmol|A] HaAe] &GS FASNF L F
A3 Y|l G-ROSS} 9-HpbD-a9] 4L multi-track
scan A& o]gste] FFsith RE ARl EGE
T A Alsgste] oAl FFY AVIE vl
slod

9-HpbD-a & ©]-&¢ FFTX 8 7]de Loty 9
Bto] tE A9 singlet oxygen quencher?] sodium azide,
reduced glutathione (GSH)9} hydroxyl radical scavenger?l
D-mannitol & *2|3te] FHEX g F MEAETE] W3}
£ Zolry] $8 MTT assay HHES o]-&315lth A+
AN 719 AEE 10 cellyml®] HA B2 845 &
96 well platedll welld 100 pl skl 24A17F B¢ 5%
Co7b FAEE MzEujdriolA wigstdict. 2 v
o710 F7AA (18.75 pg/ml) 100 plS A Eujg wix| =
3|4 3te] A7)slar 2 fold-dilutionS T3t F72tA2)
FES Fojuhzton Z474e) Atol] D-mannitol (Sigma,
USA) 40 mM, 80 mM, sodium azide (Sigma, USA) 20 mM,
40 mM 22]3 GSH (Sigma, USA) 5 mM, 10 mM< 37}
3ttt 6A17F B9 5% CO7F Fr R HE Al Eu| ]
A eksli A2 WA E W3 F 670 nm Tho] L&
HolA (1.7 mW/em?, 1.6 ml/em’)E ZAI tixT
©2 #7429} D-mannitol, sodium azide ~12]31 GSHY
& AZAGF iAo Hulete] mjde AT o R S
o} oA ZAF F& AR uiA] g 24413 & 77
o] wellell 50 pl® pH 7.39] DPBSo| 52 MTT[3-(4,5-
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Fig. 1. Time course image of G-ROS activity after PDT with 0.5 pg/ml 9-HpbD-a sensitized cells. The photosensitized cells were
irradiated by 670 nm diode laser (1.7 mW/em?, 1.6 mJ/cm?). Various time (30 min, 1 h, 3 h, 6 h, 12 h, 24 h) after laser irradiation, PDT
treated cells were stained with 1 yM H,DCF_DA for 30 min. Stained cells were observed with confocal microscopy at same configuration.

dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide] -8}
(2 mg/ml, Sigma)S FH7FSFAL 4A13F B 37°C7}F FAlE=
5% CO, AlFs| 7 oA wiekstieh vl 5 2 well®]
RS 2% AASI o} 7)ol 150 pl2] dimethylsulfoxide
(DMSO: KANTO, Japan)E H7}et 3~ formazans 2 &
3}A17]17] $13 microplate mixer (Amersham, UK)= 10~20
B EE50 %2 microplate reader (BIO-RAD 550,
USA)E 540nmollA] FH=E 543}

5. Singlet oxygen A4

9-HpbD-a2] HH8rx| 5 HHg o) singlet oxygen A4

& #25l7] Y8k imidazole-RNO methodZ ©] &3} T}

Imidazole (Sigma, USA)¥} singlet oxygen?] ¥hHg-ol ©|&}o]
A" 222 RNO (N,N-dimethyl-4-nitrosoaniline) 2] 2
g frEshed] 440 nmol| A FF =9 TAE FA5k
singlet oxygen®] A4S A4k WHolth FE% A4
£ 7ol 100 pg/mle] 9-HpbD-a9} 8 mM2] imidazole 1
23l 5 uMe] RNOE #H71ste] 554 &<t 670 nm o)A
& ZAFelWA St A 0® 440 nmollA o] FHEE S
A3IArh EH% ZAA] blankE 100 pg/mle] 9-HpbD-a
<} 8 mM®] imidazoles £]2]-&<H 0= ko] RNOS] 5%
T WgtE FRlsiglvh

9-HpbD-a 0.5 pg/ml =04l G-ROSS| &5 &le
2 9l FATAE 308 FHE GROSS FAo]
v i I P R SR B A e & 2
71 o] 2477 74 G-ROSY &4
HpbD-a 1.1 pg/ml=} 0.5 pg/ml &+
7+ 29 G-ROS ZA4E ¥ w3 9-HpbD-a 0.5 pg/ml
oA o E2 G-ROSY #4L AT F ATk
18]35 9-HpbD-a 0.5 ug/ml =0l A A E 2] Fejehs]
HEe FAstA g 24A17 7HA] Zoldd Al %
WA apoptotic body7} A H o] AEIALR FAEE ¢F
Ax A S B2 5 AT (Fig 1). 9-HpbD-a 1.1 pg/
=

ml EEINE Btz F GROSY S AT
9ll=dl G-ROSS W 442 9-HpbD-a 0.5 pg/ml
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szl Po] FARAR 1A ol o}F B BHL
3l

% =
& BAGALE EF FUH 9-HpbD-a8) FEAA
zo grjshy B2 YA R 24213 744 Algtol

gl wno Al WolXe A EE gaEE £ 9l (Fig

2). 9-HpbD-a 2.3 pg/ml F=olA = FHSA 7 308 ©1F
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Fig. 2. Time course image of G-ROS act1v1ty after PDT with 1.1 pg/ml 9- Hpr a sensitized cells. The photosensmzed cells were
irradiated by 670 nm diode laser (1.7 mW/em?, 1.6 mJ/em?). Various time (30 min, 1 h, 3 b, 6 h, 12 b, 24 h) after laser irradiation, PDT
treated cells were stained with 1 uM HZDCF_DA for 30 min. Stained cells were observed with confocal microscopy at same configuration.
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Fig. 3. Time course image of G-ROS act1v1ty after PDT with 2.3 ng/ml 9- Hpr -a sensitized cells. The photosensitized cells were
irradiated by 670 nm diode laser (1.7 mW/cm?, 1.6 mJ/cm?). Various time (30 min, 1 h, 3 h, 6 h, 12 h, 24 h) after laser irradiation, PDT
treated cells were stained with 1 uM HZDCF_DA for 30 min. Stained cells were observed with confocal microscopy at same configuration.

o gle o] Hefstd #Eol| % 9-HpbD-a 2.3 pg/ml FE} e
ﬁﬂs}ﬁi} (Fig. 4). B3A S AEZ W 822
= -2 FFor Asgled AtHos
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Fig. 4. Time course image of G-ROS activity after PDT with 4.6 ng/ml 9-HpbD-a sensitized cells. The photosensitized cells were
irradiated by 670 nm diode laser (1.7 mW/em?, 1.6 mJ/cmz), Various time (30 min, 1 h, 3 h, 6 h, 12 h, 24 h) after laser irradiation, PDT
treated cells were stained with 1 uM H,DCF DA for 30 min. Stained cells were observed with confocal microscopy at same configuration.
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Fig. 5. Images of HeLa cells stained with 1 uM H,DCF DA by
various groups (PDT, 9-HpbD-a alone, laser alone and untreated
control). Fluorescence intensity of PDT group was highly increased.
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Fig. 6. Effects of D-mannitol on cell survival induced by PDT.
40 mM and 80 mM of D-mannito! were added to the cells at the
same time of 9-HpbD-a (0.5 pg/ml) addition. After 4 hours incu-
bation, cells were changed with fresh media. Then laser treatment
was performed using 670 nm diode laser (1.7 mW/cm?, 1.6 m)/
cm?). The treated cells were incubated for 24 hours and MTT assay
was carried out to measure the viability of cells.

3. HASX|IE J|H: Type Il B+

FAEA 5o 71 F Type I W2 @439 #7
A} Ak EAALel 9] ol A] Aol 2]te] singlet
oxygen©| A== ¥Hg-olth Sodium azide$} reduced glu-
tathione (GSH)<= singlet oxygen quencher= singlet oxygen®]
tiste] AEAE B3 antioxidantsolth, FIEx g
T AEEA TS MIT assay HHE £319] sodium azide
o} GSHE A3 AFTH AT Ag7 7 vwshe]
FATAFA] AAE = singlet oxygen®] B 7P 0
2 182 23} sodium azideZ A3 Aol A F
FARTS A YT HPT 9] AMFYEEL 15440.12%,
20 mM9] sodium azide® 7} T FATgX8E A3
ARTA A= 18.140.87%2] H]m£5° < ;az‘s}ai\:}.
23 40 mM9] sodium azideS
A&k Aol A E 26.1+0. 06%«] Aﬂja*g—’é—°% st
ok dized B e Alge A8 20 mMe]
AT MZAEES v

gl S7HE skl 40
mM®| sodium azideS |3 AP LMY AEAESE
< W BHH oF 11%9] AZAESC] F4 A F
7HehE Elaldt) (P<0.05). Sodium azide] X &dl] <3}
o 9-HpbD-aE ©|-§3+ FHstX8A] AWAH singlet oxygen
o 2RH AEAbde] BAHNSS AT (Fig 7).
GSHE A3 dPdMe FAXae As 49
T AXAAEEE 162164%, 5 mM2] GSHE H7F &
HATA 5 E AP APTNME 54411.83%2] AZA

sodium azideE A& 3 2
FEH oF 3%9 AEQNE

EPDT
B PDT + Sodium Azide 20 mM *
25 |- W PDT + Sodium Azide 40 mM

15
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Fig. 7. Effects of sodium azide on cell survival induced by
PDT. 20 mM and 40 mM of sodium azide were added to the cells
at the same time of 9-HpbD-a (0.5 pg/ml) addition. After 4 hours
incubation, cells were changed with fresh media. Then laser treat-
ment was performed using 670 nm diode laser (1.7 mWen?, 1.6
ml/cm?). The treated cells were incubated for 24 hours and MTT
assay was carried out to measure the viability of cells (*P<0.01 vs
PDT by two-way ANOVA test).
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Fig. 8. Effects of GSH on cell survival induced by PDT. 5 mM
and 10 mM of GSH were added to the cells at the same time of
9-HpbD-a (0.5 ug/ml) addition. After 4 hours incubation, cells were
changed with fresh media. Then laser treatment was performed
using 670 nm diode laser (1.7 mW/em?, 1.6 ml/em?). The treated
cells were incubated for 24 hours and MTT assay was carried out
to measure the viability of cells (*P<0.01 vs PDT by two-way

i 10 mM9] GSHE 37} 5 3
ol 55413.79%2] A FEAS
th oz ISR A3 4y
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Fig. 9. Singlet oxygen formation by photoactivation of 9-
HpbD-a. 9-HpbD-a solution (100 pg/ml) was added to imidazole
(8 mM) plus RNO (5 uM) (for singlet oxygen detection) solution.
This solution was measured the decrease of absorbance at 440 nm
for detect the RNO bleaching during 670 nm diode laser irradiation.

Ao ® GSHOl 2l&te] 9.HpbD-aS ©]-&3%F Foatxa
Al AAE singlet oxygen . B 5-E] *ﬂ*/‘}‘jé ] P AS
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oxygen®] AL Elaldu A smglet oxygen—e- Al

LTl AR BTS¢ 5 Ak ol
HEA T 7| HOZ Type I W] F& A ¥EAL
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4. Singlet oxygen 44

9-HpbD-a2] 498t EA] AAE & singlet oxygens &
As}7] H3he] imidazol-RNO (NN-dimethyl-4-nitrosoaniline)
W ol&ste] SASYh £42% 9-HpbD-a%t
imidazol-RNO 2] 7] OD (optical density)yes 1.04+
00012 =733 ©]F 670 nm Thol 2 = oA E &=
AFSFAA Al 2 ODyE A3 A4 670 nm #Ho]A
FAF 108 Tl 0Dy 0.8720.001, 208 -0l ODyy
0.7520.001, 30 $°= ODy, 0.63£0.0005, 404 F-ofl &=
ODyy 0.5310.001 222 508 FollE= ODy, 0.4410.001
B 670 nm #Ho| A AL AlZFe] F7 FES 440 nmé]
SHETE AATE BT 4 AT Fig 9). oEls 2
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S0yl A single state (S1)°.= G/d 3} AL triplet state (T1)
o v A At Triplet state] A T FF HgoR
v = Type 1 WHg-2 24 Jr ATAAS = AA)
9] &8 By AXAENg R A gz B
)z o] o] AAEE jFEOR slol=sA g
= superoxide anions®] tHIEA o]t} Type II ¥H&-& &4 3}
B FEEA L Ak BAF Al olyR] denkgo s
singlet oxygen®] A4+ Whgolth YREHOE Type I
uhgo] FgtA g VMo R FE vEE AAsa ol
tha BRI Q5 Type [ WHe-2 A YH EE 5
Aol SA) A SABHA doju= Ao E oA Ut
(Sharman et al., 1999; Foote, 1991). ¥ <1°tof| 4] 5. 9-HpbD-a
3 ol ROSS| BAE <l

=1

£ ol 8% FIFAEA A il
Sholar =E AE o 3y SA49 5l ¥ B
ROS /4.8 #2E 5 YT 9-HpbD-aE ©]&3 F<
A EA M) oA A=) 9-HpbD-aol A= Al

25 9] 9-HpbD-aoll A& AETALe] 23 Al
EApgol dojdhtial JF3TE (Ahn, 2002). AIE W ROS
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