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The Anticancer Effect and Mechanism of Photodynamic Therapy Using 9-Hydroxypheophorbide-a
and 660 nm Diode Laser on Human Squamous Carcinoma Cell Line. Jin-Chul Ahn*. Medical Laser

and Device Research Center, Dankook University,

Cheonan, Korea - A new photosensitizer,

9-Hydroxypheophorbide-a (9-HpbD-a), was derived from Spirulina platensis. We conducted a series of
experiments, in vitro and in vivg to evaluate the anticancer effect and mechanism of photodynamic
therapy using 9-HpbD-a and 660 nm diode lasers on a squamous carcinoma cell line. We studied the
cytotoxic effects of pheophytin-a, 9-HpbD-a, 9-HpbD-a red and 660 nm diode lasers in a human head
and neck cancer cell line (SNU-1041). Cell growth inhibition was determined by using the
3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MIT) reduction assay. The effects of
9-HpbD was higher than those of 9-HpbD-a red or pheophytin-a in PDT. We then tested the cytotoxic
effects of 9-hydroxypheophorbide-a (9-HpbD-a) in vitra The cultured SNU-1041 cells were treated with
serial concentrations of 9-HpbD-a followed by various energy doses (0, 0.1, 0.5, 3.2 J/ sz) and by various
interval times (0, 3, 6, 9, 12 hr) until laser irradiation, then MTT assay was applied to measure the
relative inhibitory effects of photodynamic therapy (PDT). Optimal laser irradiation time was 30 minutes
and the cytotoxic effects according to incubation time after 9-HpbD-a treatment increased until 6 hours,
after which it then showed no increase. To observe the cell death mechanism after PDT, SUN-1041
cells were stained by Hoechst 33342 and propidium iodide after PDT, and observed under transmission
electron microscopy (TEM). The principal mechanism of PDT at a low dose of 9-HpbD-a was apoptosis,
and at a high dose of 9-HpbD-a it was necrosis. PDT effects were also observed in a xenografted nude
mouse model. Group I (no 9-HpbD-a, no laser irradiation) and Group II (9-HpbD-a injection only)
showed no response (4/4, 100%), and Group III (laser irradiation only) showed recurrence (1/4, 25%)
or no response (3/4, 75%). Group IV (9-HpbD-a + laser irradiation) showed complete response (10/16,
62.5%), recurrence (4/16, 25%) or no response (2/16, 12.5%). Group IV showed a significant remission
rate compared to other groups (p<0.05). These results suggest that 9-HpbD-a is a promising photo-
sensitizer for the future and that further studies on biodistribution, toxicity and mechanism of action
would be needed to use 9-HpbD-a as a photosensitizer in the clinical setting.
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A AFEEHT Je FAA = hematophorphyrm A
(HpD)Z 2322 3}& Photofrin®#} Photogem™©] #7-4
AZAM YGAE S7E7F vhoh AA| Gl 22ola 9l
HEHAE A djste] b s, FREAN Y aRE B
3t ATH5]. HpDF o] #4AAE F2 49 a4
op7|ste] & FAAMZCEZA HHH R AXIHAE

Ad12]. 284 HpDe Aol W= AJzto] ij
FAGARA FHAA7E S35 tiAL 2 WA WS

AlZbo]l ZojAl= @3S 7HAAL Sl
de o F& A4S 7HAL AdedlA we tAtE
FAA Y N B o] tFH o chlorophyll =
A(CpD)E ©]&& AAH F32HA 7} g o] o] 59) =7
3teha 543 AE71- dF g A7E0] o] FolA
ATHBL]. A2} FF¢ CpDellA CpD-ax= A 29+ 2% FH
e EAME B3PS dod)a 53] At dghd el
M T 9o do diste] 4 ke SNL0,)E
AAgete] A ZA A A FoltH20]. CpD-as 71
% 2 3= pheophorbide-a (Ph-a)& W& UAIEEE HH N
ARG FEAA o9 S Hlon dgass &
Q18+, Ph-ad] 725 ¥ 2-[1-hexyloxyethyl]-2-devinyl
pyropheophorbide-at= Photofrin“¥.t} W2 t)At&E 9l -
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& A= 7Fedol AAIEHATH36]. LDso (50% lethal dose)<]
glo] A AL A= A EILAE, LD # o)A ZAFFA A
© AZIHAE B3 AZAPEO] FH XE57|H0E HiEn
ATH35].

2 A7e A FAFIG AFAZEFAA, 272
chlorophyll aZ3-E —%—%3}04 e M2 F7AZA 9-hy-

droxypheophorbide-a (9-HpbD-a)¢} 660 nm The] & = | o] A]
g o] &3 FAA g9 JUaI L 7| & tfsfA Gotr 1
A st

Az

0X

Hd
=

A H 2ol

FHAAE 35 ABAdAT 2N 5279 22T
< kg T} 2bA e & B3 10-hydroxypheophytin a fr =
AR TE Hg o) F #7718 E o83t FZ3 10-hydro-
xypheophytin€} 10-hydroxypheophytin a F=4 9] F=A&
F7194 4" 72 R UF FE&0] 753 9-hydrox-
ypheophorbide-a (9-HpbD-a)9} 9-hydroxypheophorbide-a
red (9-HpbD-a red)E A}-8-3} 4 th(Fig. 1).
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Fig. 1. Chemical structures of 9-Hydroxypheophorbide-a (9-
HpbD-a). molecular formula; CssH3sN4Os, molecular
weight: 617.2764.
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660 nm tho] 2 =

2AEYS Mol

#] 0] #(Golden Light, Korea)Z A}-8-3}%3t}.

M= B

QA AFE FAEY & o AFAT 2HM 4
® SNU-1041 Jﬂj FAAERE] NEFE RPMI-1640
(GibcoBRL, USA) Hl ¥ 500 mlol -] &4 (GibcoBRL,
USA) 50 ml9} antibiotic -antimycotic solution (Gibco, BRL)
55 miE 4 Alxujdoz Axujek Zet~=(Nune,
Denmark)E ©] 834 5%<] EHb7}2=9} 95% 37|17} 35
3 A-3 29 37°CY 2= AT 8% 7] (Thermo
Forma, USA)ollA] wj sl or AXe RYgs =ddE0 T
(Olympus CK40, Japan)S Fdte] #&ach A2EL &
g}~ uiete] F2ste] #gkom Ef2(GibcoBRL, USA)
A & A sk
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65779 BALB/C/nu/nu =3 FEr15-2>(Charles River,
Japan)E £EE 2223°C, 40-60%2 FAHE FLF57]
(Jeung Do Industry Co, korea)oll Al B &=H =3 LS
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I H(Gelman, USA)Z F7-2A(75 pg/ml) 100 wlE A Z8) %
A2 B Aste] 2 v 3 4S Fote] BRAAY =
ozt BAAAE Fol 5 oA ZAMEA 9] A HG
glo| A ZAMIZLE T2 A dte] glo]AXAFE Al st Gl
A EHEANEOR A JHsE Wols #Es
A Bz gk ol A xAb o %45 Bk Ux
TOR BRAATS ATl v Aol ko] wjFd A
T, BAHAE FAGHA] Rl plateo] # o] A AR Al s}
g A, 29a FRAANE soA%0 e g
Merck, Germany)THe Ml ZH] < vz o #7138l wljokat A
dTo sk

MTT assay

BAA St bl o] AEAY Al vlAE FATE Eoti
7] 913l MTT assay "[32]S ©]-&3%Th 96 well platel]
24 A7t FRE e ke Ao F3HAA| (75 pg/ml) 100 plE 28
S Fotd FAAA Y $=2E AU eH dxre
BAAA TS A F Al H7bsto] v 48,
FolatA] B platec]] @ o] A AR Al 3taL
T 183 FAAAT 594 A= o eE (Merck,
< A WAl Hrkete] Mg dFro s
FAth 724120 wi g & ZHZbe] wello] 50 ple] MTT
[3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide]
£9(2 pg/ml, Sigma)S A7Fsta 4 A7 ol 3 7 well9]
A& EF A A 150 pl9] dimethylsulfoxide (DMSO:
KANTO, Japan)E& %7}t & microplate reader (BIO-RAD
550, USA)Z 540 nmol A FFEE AT AELL o
9 A& ol&st SAsl o A Fvith 47
of welld] Hvt FREZE AAtste] A2 ARG

N

—_

£ o [t Hx

.1 o _ Mean optical density in test well
Cell viability (%) Mean optical density in control well * 100

HEAZ 24

IANALY DAAE G4

FAGAR 4% ATADNAL FA] Ha)
Hoechst 33342 (Sigma, USA)<} Propidium iodide (PL: Sigma,
USA) A% S o] &3 TH4]. 6 well plated] 24 A7 59k
Hjj oF3k Aol F7HEA|(0.15 pg/ml FE= 029 pg/ml) 100 pl
E Azt AR gAste] A7kt 6 A1ZF $ 660 nm di-
ode laser (400 mW, 30 min)E ZAFSFATE. @ o] AZRALE vl

A3l vk, 3 AIZL 6 AIZE 9 AIRE, 12 MY, 24 AR § Z42b
welloll Hoechst 333428 9(0.5 mg/ml, Sigma)Z} PI-&%(0.5
mg/ml, Sigma)2.2 @A = ¥ F&du]F(Olympus, Japan)<
o]-&-5te} 330~385 nme] UV Gl ALS BEsslnt. Al
IASE 20001 ] vl gl A 5 R FAE HHAS A
AHZ AT

FRAAEN 7

B2 (015 pg/ml EE 029 pg/ml)9t 660 nm diode
laser (400 mW, 30 min)& ©]&3t FHFAA| 6 A7t
cell scraper (Sarstedt, USA)E ©]-&3to] MEE wl ) flaskol
A £33t 25% glutaraldehyde solution (Yakuri, Japan) 1
mlE F7hske] 4°Coll A 12 Al A &gtk & 14s
1% OsO4 AAIEFATE 12|13 2% agarose gelS 371314
agarose blocks W51 4345 5, Xvj, block trim-
ming, semi-thin section, thin section, ARG e & #F

3.
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0|50[AEl S| HAqstx|z

AZZ9 o|Fol4

vl k¥ SNU-1041 MZFE hemocytometerE ©]-83}4
HZ) 52 10° cells/ml HES. 2831 30 gauge (G
£ FAPIZ 100 pl¥ FErRS-29 Fol gtz F9]
T FARFTFE BHAL 17 AR FYY FIAE
ekl

299 YA E

Feulo s o]Fo]A ® ko] F7]7} oF 400~600 mm’

A Hor o

of 22U W, Al 1Tm=4) ZH HETOZ FUd o}
28 A% 8hA A A 27 n=4)C 9-HpbD-ao 24t )
B TOEA30G A FAIE WA TE FARA ¥
I FAxHR oy WEAA FLAAL 17 HA
e B2E FRY F DPBSEHLCE 43 9-HpbD-a (938

pg/ml)E 100 pl A LG43 Fe o= M3 gl FYst

% tH(fanning technique). Al 3w (n=4)2 @ o] A A &S Al

P Loz tho] Q= o] A diffuser tipS U F4

o 71AR A F 2bzh 10 £4 H3F 096 J/mm’ (400 mW)
H

9-HpbD-a% £ W] Felali 6 ATt F Fo] 4 2412 A3
& FARARE ok dol 4 24} Aol o=
R LS ERESTEERET

Table 1. Results of photodynamic therapy on xenografted nude mouse

No remission Recurrence Complete remission
Group I (Normal control) 4/4 (100%)
Group I (9-HppbD-a only) 4/4 (100%)
Group I (Laser irradiation only) 3/4 (75%) 1/4 (25%)
Group IV (9-HppbD-a + laser) 2/16 (12.5%) 4/16 (25%) 10/16 (62.5%)
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SAAE

SAS BAZ2 S o839 9-HpbD-ad =R ¥ =
ARA 710 wE AT 2ol 5 two-way ANOVA test®
EABIHIL o]FolA & FTUAA FAaR] Aol re-
peated measure ANOVA test$} student t-testZ 95% 2|5
TAA AFstAT

Nz S4s &3

Pheophytin-a, 9-HpbD-a$} 9-HpbD-a red9] A ¥ A%

F7H2A 2 pheophytin-a, 9-HpbD-a, 9-HpbD-a red & ©]
&3t AT 4TS vlastdeh delA Z"}—‘: 400 mW9J
A7)E 302(32 J/em) 0.2 Q1 FRAAS Eojgha u
2 o]A AL AlAst ATt 3FF BEEA ]"1 54
0.2 059 pg/ml M EEH AE 45 U7 Az
t}. Pheophytin-a®] ICs (50% inhibition concentration)<
1641 pg/mlo 2 FAAA 7} S| E o ehE-S AFEE o2
o] ICs 2612 pg/miF o] @& AX HA45E HJN
9-HpbD-a, 9- Hpr—a redd| A& B34 Y =57} 27184
Z AEZAYEEL FAHAEY 9-HpbD-ag 1Cs0> 1.46 pg/
ml© 2 9-HpbD-a red?] ICs 3.51 pg/mlEth A E HA50]
7V S BRAAYE EelstAthFg. 2).

golA A WE AE

HE =450 7P +48 9-HpbD-aE o83t #o|
A zAbEe] W2 AEE4E st oA RAke
400 mWe] AI7]1Z 0 £, 1 £(0.1 J/em?), 5 E(0.5 J/cm’), 30
F(E2]/em) o2 A3 FRAAE Fojsta v o] A
ZALS Algatdtth dolAE ZAFHA @Al 9-HpbD-athE
Tk Ag9] G 2443 pg/mloz 7h E9kon 1
201 J/em)9 ICs 1172 pg/ml, 5 #(05 ug/cm’)]
IC5S 4.87 pg/ml 221 30 B(3.2 J/em?)¢] 1C50 146 pg
/mlo 2, ZAE oA e] ofo] FItEeE MEREEL
245tk 9-HpbD-a9 5X7} 469 pg/mlolA AEZAE
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Fig. 2. Effects of various photosensitizers on cell viability. The
control group were treated with ethanol containing same
concentration of photosensitizers.

B(32 J/em)ell A z+zt 52%, 5% 2 UEgor
9-HpbD-a®] %7} 375 pg/mlolA 0 £ HEAEELS
10%2 72893, 1 201 J/em?), 5 £(0.5 J/cm?), 30 ¥
(32 J/em)NNE 2% AEAEL] 1% 4TS Ho
9- Hpr - FEV Bl AFE ATNESE FAES @

o] 3 A)\ ‘Eiq(Flg 3)

9-HpbD-a & ®l}AIZte] BE A X EXS

372791 9-HpbD-aS F='8 & 96 well platec]] 3}
I o] AZAEA *m AL 0,369 12 A7FoZ o
of AZAEE A3 A3 0470 M Q) 1Cs& 143 pg/ml
o2 Mg =%er 3 Al ol ME 027 ug/ml, I 6 Al
7 9 AIZE 12 AZEel A= ZH2E 014 pg/ml, 0.12 pg/ml, 0.11
ug/mlo. 2 6 AIZWAA AEYEEC] FAHLR n| A
a3t (p<0.05). 0 *1 HE AL U AA 059 pg/
ml ©]/4¢] 9-HpbD-a FEJA AEE0] BF 10% P|Rto=

J/em’), 30

-

E\

0.15 029  0.59 1.17 234 469 9.38
9-HpbD-a concentration (ug/ml)

18.75  37.50

Fig. 3. Cell viability changes as a function of laser irradiation
time. 10* cells per well were treated with different
amount of 9-HpbD-a. Immediately after various dose of
laser irradiations were performed.
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0.02 0.04 0.07 0.15 0.29 0.59 1.17 2.35 4.69 9.39
9-HpbD-a concentration(ug/ml)
Fig. 4. Cell viability changes as a function of incubation time
with 9-HpbD-a. 10" cells per well were incubated for var-
ious times in presence of different amount of 9-HpbD-a.

Immediately after laser irradiations were performed (400
mW, 30 min).

A= A Th(Fig. 4).

9-HpbD-a¥] A X A%

ME F5450] 7} 43 9-HpbD-a$} 660 nm diode la-
serS o] 4319 o] AZAIES 400 mWe A7 2 30 E(32
J/em) 2.2 8143, 9-HpbD-aZ F=HZ 96 well plated]
oAstal #o|AZAMAA Y AIE ZEA S 6 AIZEO. R shef AE
AEE & U3 HH YRFLZE 400 mWe /‘ﬂ7]i 30
(32 ]/em’)7t ol 2AINHE ABH APE, U =
9] 9-HpbD-aWh& Fogh A3 12ja A Eof o i%ﬂ
= oA 42 APTOR o AxAEES 9T 2H
9-HpbD-a®] 57} 029 pg/miol A 9-HpbD-aZ Soiata )
O|MZALE AT AT A ENEEL 13%, ¥ o)A XA
gF Al g A9, 9-HpbD-aths T A3 BF 7%=
B9 rE /‘]BESP AALAAN T8 A X :

(}i_l_ 9-HpbD- a2 &

2ot 349 AL 428 22

MzZAE 24

AR E G TAAE Q4

BARAE A AFE7IES FRl7] fte] Al EaALs} A
EAE 7 E 4 9l= Hoechst 333429} propidium iodide
P)E A& A8 3¢t} 9-HpbD-a F5 0.15 pg/miol A A E
TAFE 30.1+2.6%, MEIAE1£1.5% 2 NETAF FH A
FAME 71D S 818t A T 9-HpbD-a 5% 0.29 pg/mlol A
A ZIANE 4143.2%, MEHA=37.4+85% 2 9-HpbD-a &
T7F BolALE AXIA} FHE S A8 0.29 pg/
ml o] 9] FEAXE AEIATL F7HE S Sl ek A thFig.

—

{ —=—Laser only
—a— 9-HpbD-a only
—— Control

) | —e—9-HpbD-a + Laser

) L2 +

0.02 004 007 015 029 0.59 117 235 469  9.39

9-HpbD-a concentration (ug/ml)

Fig. 5. Effect of various concentrations of 9-HpbD-a on cell via-
bility upon irradiation. 10* cells per well were incubated
for 6 hours in presence of different amount of 9-HpbD-a.
Immediately after laser irradiations were performed (400
mW, 30 min). Control group were treated with ethanol
containing same concentration of 9-HpbD-a.

s E 9-HpbD-a 0.15ug/ml
[E19-HpbD-a 0.29ug/ml

0

5
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5F

0 r

5 F

o F

5 -

0 I e )

apoptosis necrosis

Mode of cell death

Fig. 6. The pattern of cell death after photodynamic therapy
with 9-HpbD-a by Hoechst 33342 and propidium iodide
dual stain.

6). MEALY Fejstd dFdAD A2} wjok FefaAo)A
Hojgom Axe & JFd 1 3(UV filter 330 nm~385
nm) 3}l A Mo 2 FME Q3 chromatin®] &%} frag-
mentationO] Jojytron &g AR Z 9] el H 3
Ztol A& A3t AT A EY H4- v S A
Holzl HIJ 9ol Eolgle AE® B AUV filter
330~385 nm) s} A WA o) T & AT F AT
(Fig. 7).

A2 v 73

FHHAEAW A sl A 015 pg/mle] 9-HpbD-a 5=l
A ZAAE7 BEHR O W chromating 5%S 22181
om Axe AAHR AVE #AFTS #ASAT 9
7% BAAEY ol waf Zopi IS Gttt 0.29
ug/ml9] 9-HpbD-a EEelA A|E=to] &3% FARAE7}

7]E A
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Fig. 7. Effects of photodynamic therapy. Left panels show dis-
tinct living, necrotic, apoptotic SNU1041 cells by fluo-
resence microscopy (Original magnification: X200). Cells
were incubated for 6h after laser irradiation in the ab-
sence of 9-HpbD-a (A and B), in the presence of 0.15
pg/ml 9-HpbD-a (C and D) or in the presence of 0.29
pg/ml 9-HpbD-a (E and F). Right panels show SNU1041

cells by light microscopy (Original magnification: X200).

ZQko| Zoistx|Z

ATFS o] Fo]4

Nude mouse?] 5o F3IZ 30 G A& FA/|E o]
ated 10 cells/100 plo] 77 % FAFAGAEFS FY5}
I FEY FARTE BESL 15 TEoE FYY FIE
=43 4 2
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82.9+4

A
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+1268 mm’2 A|zko] Aol wma} F oy
3%} (Fig. 9).

%9 BYgA s

AT ARNET: B8 T4 27171 335.0¢
1414 mm’o A 9T 21T T 402341904 mm’, 25 ¥
439.7+99.8 mm’, 35 & 733.7+199.9 mm’, 45 & 792.0+244.2
mm’E F%e] A7)7} 4 viE] BE A&HoE Frlst
(Fig. 10). B3+ 27 $5E T4 SRS 229 A7}
o] AlFetH Al Fde R s A&AQ 4 4
A& #FE & YA

A2 9-HpbD-aT F ¥ FoF: 9-HpbD-at 5ol
Folgt 2ol A= 9-HpbD-a5ol Al T4 Z7]7} 364.8+
758 mm’ol| A FATKB1F T 39371547 mm’, 25 ¥
519.8+2981 mm’, 3% & 651342119 mm’, 45 & 830.5:201.0
mm’E F%¢] 2717} 4 vhg] BF A AT 2
o] A& 3207 ZUst Y th(Fig 11). AANZTH 2 F4
O 2 2F FRH FUY FARI A 279 YAt dojtr]
A A Foke] R A& Fg AHLS B
& 4

A3 dlo] A gt £9ko] ZAFEE: 660 nm diode laserTt
S 9 ZAIEE AT A= £ 4 718 9 nude mouseF
3 1189 nude mouset X E7} HA &gk 1 w89 nude
mouse= ALEH AT X587} HA & L AV]= AE
A Zge A7)V} 42804485 mm’oA X E1F T 8889+
3725 mm’, 2% & 1051.7+213.9 mm’, 35 & 1260.2+479.5
mm’, 45 % 1142.7+389.0 mm’E £%] A7)7} 45744 A
o2 U8l 4F o|F FUY A7t BAsATh Al
F¥zAe A8 A F% 2717} 4280 mm’elA X 81
3 140 mm’, 2% ¥ 27 mm’, 35 ¥ 0 mm'E £9ko] A E)
A ZFo}4F T 12 mm'E 2L FU FAE 49
T UAATH(Fig. 12).
A4 QX FEF: 9-HpbD-as} 660 nm diode laserS
o] g3t FAFXFE AP AFFAA 2 vlE]Y nude
moused| ] &7} HA] BT FL AV F9TgAEA
429.0+855 mm o A FATHA B1F F 721244546 mm’, 25

ol

7

il

gl

o

1

= [ N =Y

I~

g s =

Fig. 8. Electron micrographs of SNU1041 cells 6h after laser irradiation. (A) shows a normal untreated cell (x8,000). (B) shows
a cell with apoptotic nuclei (x9,000). (c) shows a necrotic cell. with shrinkage and cytoplasmic membrane disruption (x8,000)
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Fig. 9. Growth curve of xenografted tumor in nude mouse.

1500

—e—No remission (n=4/4)

=
o
(=]
=1

%
o
o

Mass of cancer (mm?)

o

1 2 3
Weeks

E3

Fig. 10. Tumor volume change of xenografted SNU-1041 cells
in normal control group. Group I (no 9-HpbD-a and
no laser irradiation) was a control group which showed
a continuous tumor growth.
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Fig. 11. Tumor volume change of xenografted SNU-1041 cells
in 9-HpbD-a injection only group. Group II showed no
response.
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Fig. 12. Tumor volume change of xenografted SNU-1041 cells
in laser irradiation only group. Group III showed 1 re-
currence out of 4.
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Fig. 13. Tumor volume change of xenografted SNU-1041 cells
in PDT group. Group IV showed 10 complete re-
mission, 4 recurrence and 2 no remission out of 16.
Group IV showed significant remission rate, comparing
to other groups.
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Fig. 14. complete tumor remission after PDT. Tumor appear-
ance before (A) PDT. Laser irradiating (B). Immedately
after laser irradiation (C). 1 week (D), 2 weeks (E) after
PDT. Follow-up at 4 weeks shows complete tumor re-
mission (F).

Fig. 15. No tumor remission after PDT. Tumor appearance
before (A) PDT. Immedately after laser irradiation (B).
1 week (C), 2 weeks (D) and 3 weeks (E) after PDT.
Follow-up at 4 weeks shows no tumor remission (F).
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Fig. 16. Tumor recurrence after PDT. Tumor appearance before
(A) PDT. Immedately after laser irradiation (B). 1 week
(O), 2 weeks (D) and 3 weeks (E) after PDT. Follow-up
at 4 weeks shows recurrence (F).
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