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Anticancer Effect of Photodynamic Therapy using 9-Hydroxypheophorbide-a and
660nm Diode Laser on Human Squamous Cell Carcinoma Cell Line

Han-Gyun Kim, M.D.

Department of Otolaryngology-Head and Neck Surgery, Dankook University, College of Medicine,
Cheonan, Korea

Objectives : New photosensitizer 9-hydroxypheophorbide- @ (9-HpbD- @) was derived from chlorophyll in
water with peak absorption at 660nm. 9-HpbD- @ was tested with 660 nm diode laser for the anticancer effect

of photodynamic therapy.
Materials and Methods :

Human SNU 1041 cells were seeded into 96 well plate at a density of 10* cells/

well for 24 hours. Cells were washed with media containing various concentration of 9-HpbD- ¢ ranging
from 0 z2g/ml to 3.75 ¢ g/ml. Then, laser treatment was done with 660nm diode laser (10mW/cm?) at various
time setting (0, 30, 60, 90, 120 minutes) and with various time interval (0, 1, 4, 6, 18 hours) . The treated cells
were incubated 48 hours and MTT assay was done to measure the viability of cells.

Results :

The viability of cells was more than 90% after laser treatment in control group. The viability of cells

was decreased with increasing concentration of 9-HpbD- ¢ and laser treatment time in experimental groups.
The viability of cells was decreased significantly as the interval time between addition of 9-HpbD- ¢ and laser

irradiation was increased.

Conclusion : This study shows the anticancer effect of photodynamic therapy using 9-HpbD- @ and 660nm
Diode laser on carcinoma cell line. 9-HpbD- @ is considerd as one of new photosensitizers in the field of pho-

todynamic therapy.
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Photodynamic therapy.
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202 gAY 650~850nmE Tt R 630nmelA]
9] F5E Qlete] & mmitell FFAIE 4 glo] g oz
W& Am 52 5 a9 95 f v wkAE 7
B2HAA Q) A D e Ao) thFE L YT,

A FFEAE 4R SREEE E3UF (porp—
hyrins), E2#5(chlorins), ¥Eig] 2 EZ 95 (bacterio—
chlorins), Z3 A5 (porphycenes) E0] o] A5 )
t}. o]FdXME A Ee] o] FEHO] Sl HEAF(chlo—
rophylls) 8] F%0]&%& AAS 7eso|RF (pheophy—
tins) = Photofrin®t} Aubdelqd 471 Lo & ol
g} 152 B Azt bsdle] Ay B B
7V E HolFm o

B AFoMe A FAF 999 HEASAEGA S
ol4] Chlorophyll25¢& F&3}o]
9—-Hydroxypheophorbide— ¢ (9—HpbD— @) £} 660nm<]
Diode #lo|AE o]&3t FHsx 82 JLaHE Loy
2 sk,

iz R '3E
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FHRAAZE 25 APFHSTATFLNA 525 EF
chlorophyll& Ao 2 A2]sle] g eao]el ¢ (pheophytin
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Fig. 1. Chemical structure of 9-Hydroxypheophorbide- e (9Hp-
bD-a)

a) & e ¥ 3RS stod e 9-Hydroxy—
pheophorbide— ¢ (9HpbD— 2) & AR Ho|A=
213)a} FpolA A 660nm ¥HEA| Diode #HOIAE A
23159}k, 9HpbD— ¢ & chlorophylld] £4 o< AlA%
e aolel adld 99 €49 7R (carbonyD 715 &4
3o o) =E A (hydroxy) 71E2 g A7, | AF (ester)
715 7k 2alEi] Alx 3eH v 7|1€9 HE chlo-
rophyll FEERT A540] 711, 398 A59 4%
o] Z7F & MER FEA|HFig. 1).

2) MEUS

Srotaiz RE FYPd APNI M EZGAET(SNU-
1041)7E culture flask (Nunc,USA) *}4 RPMI-1041
(Gibco BRL, USA) sk} 500mlell $-E187% (Gibco BRL)
50mi$} antibiotic—antimycotics(Gibco BRL) 5mlE 4]
& AzujekA oz CO, BlE7IelA wiFstsith

2. 2gdd

1) 3°IN ZAMt(lasering time)°l ©E 9HpbD-a
gz

Tetrazolium—based colorimetric (MTT) Z4H¥& o]
$3lod 9HphD— e &5 I #HO|AHZARA| e WE AZ
AEE AolE ZARIGTE Ziulekolut Alchul Fate]
A7} wjekg719) mietel] E3H(confluence) HW, AEXE
10°/mIAl8 =7 wjFa s o] 83 543 F flat bot—
tom 96 well platedl] 2} welld 100 £ (10*7W/well) &
310 2413 5% COp7F A= F285F7100A vt
3k 3,75 pg/mIF-E 0.007 pg/m7HA] SAEE 344
9HpbD— ¢ & X383 sjA 2 2o}t tiz2rte] vijR]o|
= 9HpbD— ¢ & =duj ARESE Ll (&) 9} pH 7.39]
PBSE #& $E& ARSIST) 7} 559 9HpbD- e & 2
33k HjX 2 Zolgal vf2 F@/delelx] Diode #H|o|AE
(10mW/cm® 0%, 30%, 60%, 90%, 120% %< mic—
roplate A 10cmollA] diffuser tip o]&3ko] ZAISE
2, 2t wellell 50 1 pH 7.39] PBSell ¢ MTT8-(3-
(4,5—dimethylthiazol—2-yl) —2,5—diphenyltetra—zo—
lium bromide)-& 50 1% A7}slaL 37°C CO, vl%7]el4]
484172k vjekslAth Formazano| BAAEW Z+ welld
B & 5% AASKE 150 112 DMSO (dimethyl sulfo—
xide) & A7}3 ¥ microplate mixer® & E50] 90
| ELISA reader (BIO_RED 450, USA)Z 540nm¢] 3+
oA FBTE S8 S5 EEE doRle Al
%9 ¢ AH vdsh=t 9HpbD- ¢ & H/FBIA &
273 v)wste] AE AEE(cell viability) & o2t 2
< FAE o] &3] ALt
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Mean optical density in test well

Cell viability (%) = Mean optical density in control Well>< 100
BE A3L 9HphD- ¢ Z EEvh 47] well® HE 5

Aste] ALE AEES T

2) oM ZAAMY(interval ' time)oll W& 9HpbD-a &
gz

AZE 107/mIAR 7 Bjokels o] 8-3le] 343t & flat
bottom 96well plate®l] 2} well B 100 p1¥ E5=35]03 244
7k 5% COyt AA1EE d2ak57]0 wjeksitks 3,75
pg/mlEE 0.007 pg/m7HA] GAEE 34" 9HpbD—
e 8 T3 g ZolFET O, 1, 4, 6, 18413 Zof Diode
o)A 10mW/em?d) & 6085 AR A3} 9HpbD—
aE H7)8A @3 9HphD- o S =Y w) A3 alj (o))
e2) 9 pH 7.39 PBSE 2 FEE AMS HIAE A
78 2TE e MTTZHARE Al8ste] 9HpbD— @
g Arlska HolAE 2ARPIZIAY Az e &
Fro} AE A& W3lE dolrgith

3. 3N

SAS BAZZ IS o] g3l 7 FRelrg Hlo|AxAL
AIZF 9 ZARR 7)o wE 9HpbD— o 9 S aE ] z}o]
2 two—-way ANOVA test® 2391 A4 94
2 p<0.05% A5

2 I

1. 3O/ ZAAIIO| K2 SEE R NEYES

9HpbD— ¢ & Fo3 F #olA FAMAZHE WsHA
g o) 9HpbD- a & FoI3HA] &S dx2v9 &%
(1.24910.042) Bok AAA o7 vyt 0.117 pg/ml)
9 HpbD- ¢ 5xoll Ag7e] 3 5s do|AE 2Ale)
A & F(LT 0)elA 1.061=0.080, 3087 2ARRE
(LT 30) ¢4 1.01410.046, 1A7F AR T-(LT 60) oA
0.636=0.031, 9047+ ZARSE T+(LT 90) o4& 0.074+
0.021 ol3lar 2417 Z2AFsE (LT 120) o4& 0.025+
0.004 24 o)A ZAMTI0] AAIAFE JuUe &%
59 ZAE B (Table 1).

9HpbD— @ F=F7F L #olA ZApAglo] ZHojdsE
AZAEE AT AT ¢ ST FolBle ¢AZY
E5E 9HpbD— e HIHYT(ET) ol v3) 50%E =Y
4 9= =52 IC50(Initial Concentration) 2% 74 2Jshd
golAE 1A7 ZAKE 4 digk 0117 pg/mEE F
A & Qe olsmdA 4 A AERESES LT
0xollA 92.117.0%¢)3 LT 30714 88.0£4.0%, LT

A

AEES B3 Fig. 2).

2. Hoi EMAT 2 ZTYE W MEYZSE

9HpbD— ¢ & Fol3t 3 o] ZALE Als APT
o] )zt FTYE(1.538+£0.077) B} AAA S E wigk
t}. 0.117 xg/ml2) 9HpbD— o F=olA oA & niz
22 (T 009 F%5E 1.248+0.043, HolAE 1
A 7F Feof) ZARE (AT 1) 35 1.24210.036,
o)A B 4AZE Fof ZARGE (T 4) 9 FFEE 0.770L
0.083, #OlAZ 6417 Foll AR (T 6)9 F35E=
0.398+0.0440}912m 18A1ZFF(IT 18) o= 0.331+
0.1028A4 9HpbD— ¢ & FoIgt F #HolAE ZARG AR
A}o] 7} 6AIZTHAIE A FH Tt FHAssiTh

IC,, B2o% Z39E 0.117 pg/miolr AEZAEE-
IT 074 80.7+2.8%, IT 13X 80.7£2.3%, IT 4
FoA= 50.115.4% o3 IT 673 1T 1872 ATAES
#2 959128%% 21.5£6.6% ©|AH(Fig. 3).
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Table 1. Opfical density of experimental groups with various
lasering time

Concenfration of 9-HpbD-

Group

0.015 pg/ml 0.117 pg/ml 0.938 pg/ml
LTO * 1.129+0050 1.061£0.080 0.728+0.124
tT30" 1.098+0.030 1.014£0.046 0.09270.042
LT 607 1.012+0.056 0.636£0.031  0.022+0.001
LT90% 0.96910.042 0.074£0.021 0.019£0.003
LT120" 0926+0.016 0.025*0.004 0.018+0.005

Optical density of control group @ 1.24910.042

Values are mean=SD at 0.015, 0.117 and 0.938 x g/ml of
9-HpbD-«a

Difference between means assessed by two-way ANOVA
test p<0.05

© I LTOvs LT 30, 60, 90, 120

T LT 60 Vs LT O, 30,90, 120

" LT120 vs LT, 30, 60, 90

LT 0 : Group without lasering
LT 30 : Group with lasering for 30 minutes
LT 60 : Group with lasering for 60 minutes
LT 90 : Group with lasering for 90 minutes
LT120 : Group with lasering for 120 minutes

T LT30vs LT O, 60, 90, 120
8 LT90 Vs LT O, 30, 60, 120

%) 1200
1000F
800K
60.0F

4001

Cell viability

200

0007 0015 0029 0059 0117 0234 0469 0938 1875 3750

0.0 1 I 1

9-HpbD @ concentfration

—200-

Fig. 2. Cell viability change by concentration of 9-Hpbd-a and
lasering time
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Table 2. Optical density of experimental groups with various
incubation time

Concentration of 9-HpbD- &

Group
0.015 pzg/ml 0.117 pg/ml 0.938 pg/ml
To* 1.375+0.039 1.248+£0.043 0.722%+0.052
mit 1.360+0.071  1.242+£0.036 0.315+0.021
T4t 1.321+£0.056 0.770+£0.083 0.207+0.003
Téd 1.188+0.087 0.398+0.044 0.163*0.055
mig' 1.107+0.130 0.331£0.102 0.157+0.030

Optical density of control : 1.538+0.077

Values are mean=SD at 0.015, 0.117 and 0.938 # g/m! of
9-HpbD- @

Difference between means assessed by two-way ANOVA
test p<0.05

*iTOvsIT1,4,618 T:M1vsIT0, 4, 6,18
T iT4vsIT0,1,6,18 ¥ :1T6vsITO, 1,4

IT 0 : Group without incubation fime

IT 1 : Group with incubation time of 1 hour
IT 4 : Group with incubation time of 4 hour
IT 6 : Group with incubation time of 6 hour
IT 18 : Group with incubation time of 18 hour

"T18vsITO, 1, 4

(%)100.0

80.0

60.0

40.0

Cell viability

20.0

0.0 | 1 ! L I I I |
0.007 0015 0.029 0059 0.117 0234 0469 0938 1.875 3.750

9-HpbD a concentration

-20.0L

(v nimi

Fig. 3. Cell viability change by concentraion of 9-HpbD-a and

ole] Ay Z4zhe 29l (Flo]A AR E Az
Z) Alolell EAF R F9% FIEY AolE vERS
3, AL FEe) BEAE F940 (p<0.05) AlolE
gt

k=l

Al
=

55 B $E B 650nmol oA
Yo ¥& FYEE AW, gxA% FHEN A
&

o7 FFHolol stal AREFA A F54de]

¢

2 UEAZ e A AR E
F2Y F2Z 7HH, AQAIA E3 dEARE 7B
2 ke f5Ar A2 F58 @1 P, E3) chloro-
phyllold 2% 0128 AAF sovo)a g9} o]2] o)
9 (phytyD 715 71 £3l A1X] sexHlol= o (pheop—
horbide) = &< =30] 650nm ¢ & Photofrin®] &

AL w7 & 9y e 29 1RE e A
7} AellA A== Azte] 2EidEE 9HE £ Al
Y rAE MRS Qe BA Y 722 9E A
F 9l o] Qi 1y FeXnlelE o' AdolA
AA3) a7k Dot kAol "ojxle wo] =t
0|2 Hetsl A9F 9@ ¥8lo|= ¢, 9—Hydroxypheopho—
rbide— & (9HpbD— @) & el 24 Ageigia & 4
FoME o]F o] g3 FYeR T FUAAE dotr T
2} 3t

o] B (silkworm excreta) oA 3t F2EE F
Z5(CpD) g ol &% & AFM e A FxA9
F57) FRAA AH7E 30%e el Azt vlEsi F
Zbska 1 o)l FA Wabt 9 Aos Busigin.
B AFox 9HpbD— ¢ 8 =Rl ulehs golA =
AAZIO] AAAFE HE AEEo] A4 b S B
St ol= AX SR e FAAAY AXY F
TZ7te) HIE] Reks AXEJelA FtAlel 3 Al
28 A5 ALY 374 (signaling pathway)©] T A&aA
HRSE o] Aato] dojdS ARfsh= Addolrt. FE S}
Hog FASXFo) 3 AXU 7R FEy Ay
o olgEx S v (S) Y FAAE 54
Ao 7 FBAFA7|E FU3 A (singlet state, SPE ¥
oS Berd e ade Adels vhedEl (ground state)
2 3HEA oA E wEsHReY o)W vehbe 334
(fluorescence) & gl o] &3bAY 22 AHa-E2 9
BIE 2kl AREE £ glok ©ddd A ARRE
B3} ¢ nano &l 293p7] "ol Tl #3-& 407
= ZgAzio] mlg H3 FAFXFANN Yehvks SA4E
= 2 328 A (triplet state, Ty) oA vlEdElZ
2 o EgE Ao g8 Jehde ofd A
microdA] milli 224 8-S FEEl|dle FES Azt
ool FAAA W NF ERugo] ofhd ApdFel #HFd
Xglo] wEARE BS AZNES 7 21082 3
AA gro 2T AEEA0] Qlrks Bl Jgnd & A7
T B3 d9E 8l & 5 Ik 5 sy 2
& ZAHillumination) 3H= WHellE d&4 E= 3O
2 2Bl 2E A4 4 S, 7 o] AEsAdn
Folli= Bl G FA) gEvhs BulVel rgHzAL
(on—off mode) 7} 43 MEZEAEHAE BHetk= B '?
2 AR 2 dFeME We ASH 07 AT

9HpbD—a A7t F #olAE Akl 719 AR
o W AZAEEL AWM= Fago] st
1 o) SR T 1.875 pg/ml o)Felle BE ¢l
A 10%7)5ke] AZAAEES o] AX 9HpbD—- a7} £
sTol olgS AAT 4 YUtk T 6AA AL

e
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= A ]3-7_ AEE2) O9HpbD— a7} A&A 07 AE
(mtracellular target area), & WS Yo7
off #RIBkAL Q7] wiitolH, 1 o|F ol AEA
=& Z27t E3EE o)F-= 9HpbD- o7 BEAH A
Lo} E843 HAY, 9HpbD- e 7ol 242 o]
A3 dofuba] g3y} gold = 9= psAe
AAE 7 33, AX 08 EuxHeR oFsly g
RS sl AE-AH(redistribution) 0] Qojul= A

T AZAEEY 4t 2454 7R g

AA]44] (lipophilic) FA&A2) AT EgxHozL
2| 4% (lysosomes), AFHA| (mitochondria), 224 (en—
doplasmic reticulum) &} & (nucleus) 9 tjorst ko z

LA AT YY) DS B GEE FE Aol

[e}
T FAFAY Adlcharge) o+ 354 To)| B},
ILE] AZH F7EE ol e F= Ao wjor
5, @YY A J8)n dFel wEH $11d) 37°Co
/\1 0°CE &1 o578 Xo] 82 XRUT E4HE <o)
B3 EA Dot gy AA So] @ow o5

3 AFS WA o] Br] R ArjE oz A

FEE Zastl. 2oy s nY aede 39
S 22 ded AEd AR F F20t oz A

I AAA L] EERA W
Aol gl FaA| 9 ofo] g

FIA T VR AZNRSS AT B7hAA <)
AA, NZEFY FH, o)A 3 Soll Wb apoptosis
U Al s Fe AlEsty) 3L gAY AEA 2
29 Hglel et Hx9 sEFYoR I Uy F
T ol52 ARG thet e APV ESo) 23|
o 2 A7l AESYERS) g MTT 42 53
AlstolEd o= AREAIY 75l =8k HAEA apo—
ptosis &} HNHAQ MZuln)7) 1Y BAE Ealr|o= B
otk 284 (clonogenic) ¥4 o) gahd Folsxz
9] DNA®] thgh Eoio] f2+8 (mutagenicity) 'Y 5 o}
7W4 Axst] 535 gl & 4 T A AEe] A

E

& RUSR B2, B
5}
]

740]1:}‘11).
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T5YE HUHE £ g Aotk
3 2
2 A7Y A% in vitroold 9HpbD- ¢ & o] ¢-3 3o
2 Fo% FFEANE Yehile 1 g9 B o g2
+ FHEAAZA in vivo AFL AH = o AR
- BEAAZ olgd Zow sk
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