AR ®

wcjd@wijgnet.com

K

HFREN BTG 20095-6388; 17(16): 1602-1608
ISSN 1009-3079 CN 14-1260/R

L #h#7F 52 BASIC RESEARCH

HHEFIPp I X Ba 5% AR I B E R ML 1 FRA

AN

BlRA, WRE, BILRE, /e, R— &, WRE, KILK, 7 F, RRR, W5

Mnﬁ
ai%éﬁ 3‘:4}%&%
MER., T8
Wi, 597 12
F 40 % K Jg i 47
TREATALL
SR B0, PT VA
FH R E R 5
G /nﬁx_j—i‘iﬁr’li
HEEFTER.

W@ 5 HFRA

wH, EAEEIF
AT K F s KA
B E R H LA

BIRE, B, ff%/\ﬁ% R—&, KEBE KK 0T, R
KRR, BV, #MKFEHHPZHRAEE T b AR
450052

SERER, M K FEAEFEIIGE Td B FM T 450001

NRR, BERE LT, ARR, F2EMERBBAINZNRE
THHIEAT.

B XA RAFALTIHTA B, No. 30873002

Ve SRR PR, BXTIRE. BRERHMEG
1T ARSREENIRR. DR, X113, B/E. B—A.

KRE. KIDARINDTR,; MRS TR F0L5
BB DI TNEIE.

WIIEE: SRIRER, THRRA, 450052, STEFAXMNTAZ2E840S,
FBINARZER RIS IAFRBTAVEE. jizhenyu@zzu.edu.cn

E315: 0371-66658232

RS EEE: 2009-03-03 BOEHA: 2009-04-20

BZHE: 2009-04-27 AL HHREED: 2009-06-08

Effects of subcellular
localization pattern of PplIX
on photodynamic efficiency in
esophageal cancer cells

Zhen-Yu Ji, Tian-Li Fan, Li-Qun Zhao, Xiao-Jing Yang,
Yi-Bing Qiu, Ju-Zhen Zhang, Ya-Bing Zhang, Yu Sun,
Song-Liang Qiu, Guan-Rui Yang

Zhen-Yu Ji, Li-Qun Zhao, Xiao-Jing Yang, Yi-Bing Qiu,
Ju-Zhen Zhang, Ya-Bing Zhang, Yu Sun, Song-Liang
Qiu, Guan-Rui Yang, Department of Oncology, Academy
of Medical and Pharmaceutical Sciences, Zhengzhou Uni-
versity, Zhengzhou 450052, Henan Province, China
Tian-Li Fan, Department of Oncology, School of Basic
Medicine, Zhengzhou University, Zhengzhou 450001,
Henan Province, China

Supported by: National Natural Science Foundation of
China, No. 30873002

Correspondence to: Zhen-Yu Ji, Department of Oncology,
Academy of Medical and Pharmaceutical Sciences, Zheng-
zhou University, Zhengzhou 450052, Henan Province,
China. jizhenyu@zzu.edu.cn

Received: 2009-03-03 Revised: 2009-04-20

Accepted: 2009-04-27 Published online: 2009-06-08

Abstract

AIM: To study the effects of subcellular
localization pattern of PpIX on photodynamic
efficiency in esophageal cancer cell lines.

METHODS: KYSE-450, KYSE-70 and Het-1A
cells were treated with ALA, exogenous PpIX
and MitoTracker, respectively. The subcellular
localization patterns of PpIX were observed

using fluorescence microscopy. Mitochondrial
transmembrane potential (A¥Ym) after ALA-PDT
and PpIX-PDT was measured using JC-1 flow
cytometry. The morphological study of mito-
chondria after ALA-PDT and PpIX-PDT was
performed with electron microscopy. MTS was
used to examine the cell survival rate.

RESULTS: The granular patterns and distribution
of fluorescence in the extranuclear fraction of the
cells were similar for both ALA-derived endog-
enous PpIX and the MitoTracker in all cell lines;
however, exogenous PpIX was diffusely distrib-
uted in the whole cytoplasm of cells. After 12 h of
ALA-based PDT, the percentages were increased
to 22%, 52% and 33% in the KYSE-450, KYSE-70
and Het-1A cell lines, respectively; where only
15%, 14% and 18% of the depolarized cell fractions
were seen following PDT with exogenous PpIX. As
early as 1 h after photodynamic treatment, some of
the mitochondria were already damaged by ALA-
PDT with unclear cristae, vacuoles and swelling;
while the mitochondrial ultrastructure was still
well preserved 1 h later following PDT with exog-
enous PpIX. ALA-mediated PDT was significantly
more efficient than PDT with exogenous PpIX in
killing cells in all the 3 cell lines.

CONCLUSION: Different subcellular location
of photosensitizer may affect the PDT efficacy.
Mitochondria are more sensitive and may be
important targets for PDT. This finding suggests
that new photosensitizers with mitochondrially-
localizing property may be designed for im-
provement of PDT effectiveness in the future.

Key Words: Esophageal cancer; Photodynamic ther-
apy; Photosensitizer; §-aminolevulinic acid; PpIX
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7% KYSE-450. KYSE-70f=Het-1A %8 i
23 A ALAF= SR MEPpIX VA Z MitoTracker
GreenZ ¥, 48 £ % £ B MAENEK R E kR
Pl XA 0 B 1 69 A%, A A TC-1-7R X 4 e
7 kM ALA-PDTAPpIX-PD T/ %0 feL & 5
PRRE B AZ(AYmM) B B . AR ALK ALA-
PDT#=PpIX-PDT/& % ftL & ¥ Ak 6 A8 A 45 ),
MAEPPIX ) R ) 2a fe 5 A T R AT &R AR AR A%
§ 7 A5F BCE . MTSHRM E PDTAL 25 4 4a ff
B 5,

SR HALAS A6 ARMEREGIPPIXE A
I B0 ALK, 5 MitoTracker Green &~
0 R AAR R T EAB R 09 KR, SR
PpIX K A5 5 W IR G oA T EA IR,
KYSE-450. KYSE-70f=Het-1A%m 02 ALA-
PDT 12 h/&, BE WA % 45 20 el 2 7 34 2 22%.
52%#233%, M 5P RPEPPIX-PDT |12 h/s &4
PR 2 B 20 B FAL F F115% 14%F=18%. %
BMEER R, ALA-PDTE/U] h—% &5
RBP & B ILZ BFRE, T &R RIE A
2, A=A k. 125 REPPIX-PDT)E 1
hm e, ) K 3R 5 R AR PR TR 45 M. ALA-
PDT# 2m i 7% 4 R W 245 T SMRBEPpIX-
PDT.
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£ 555 DR T R 5 0 P D T 40 i 55 2k 1) 22
. AT Z L R (5-aminolevulinic
acid, ALA) LK &M S IMRIX (PpIX) 1 4y 't
], WFFTA [ AR P p IXAE N £ 5 10 9o 40 i 3R
KYSE-450. KYSE-70&% N\ &4 bk A4l i |
Het-1A R 43 A REAE DL 50630 ) 27 081K 9%
R, ARG TE R AETT T B S e At
.

1 RT3

1.1 ## 5-ALAFIPpIX HiPhotoCure ASA(HIFE)
AL, B FFREL100 mg PpIX, I1%E20 mL —
WH(DMSO) A, 3t FE S H 5, 8 75 ik Ak
P2 hPA b, AL AR A v, AR5 FH 40 5 75 0
B2 T E, DMSOZLIRE A0 g/L. &
I3 AY BT 9 A1 K Y S E-450 RIS 7044, £ 5 %
FE A1 KY SE-70 38 FATCCHEfE. ¢ 67
FeEEH HLS-5% (Perkin Elmer). PDTYGARSFX
NPCI BiotechZ m) (080 6 7. i 48 A h
BD FACSDiVa Option(BD Biosciences/A .
). 926 i i I Nikon Eclips E800, [ff7-60°C
5> R CCDRE X % MTS hPromegay™ filt.
JC-1H2& EBiotium A #4277, ATPE il i i 711
£k [ SigmaA 1. RPMI 164017 55 M HiAthit
¥4 H Sigma.

1.2 7%

1.2.1 PpIX & 2wt & Az e IR E K F80% A A7
fil & K Y SE-450. K'Y SE-70/1Het-1A4H i
[ IE-ED TATH AL, $Fha X 1071411 il 2 61L
R, FL754 mL RPMI 1640853535 (757100
/LML), 37°C 50 mL/L CO,REF-A 15 78
P, L4078 23 W EE .k H R ILERPMI 1640
REFRIEVERR 2K, 435I 1.5 mmol/L ALAIITE
I35 55 200 & 40 3.5 h, HI41 pmol/L PpIX
(TG LS B 7 W00 B 402 h. & RRIRAAL M
JIAS500 nmol/L MitoTracker Green FM, 37°C
CORTFRMI AR L0 7 4130 min. FFERTIRML, 4N
JL A PBSHEGR 2K, P06 BB M2 ah K. B
R H380-420 nm, HUFPALAH630+£20 nm.
MitoTracker Green FM% Gf5 SR I K N
465-495 nm, U 4 515-555 nm.

1.2.2 LA EIL(AYm)N 2 M Ee
FLEEFE. H1 mmol/LIJALAACFRAN i, 7k

Y& T AU A B
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X AR A
A K EIE.
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Morgan et al4Rid
ALA-PDT £ %%
B BRI B,
XA W TALAE
m e N gt A
PRIE AR T 6 18
P, W dn st A
P BEATE9. 20 e R
By B R A
R A% 0 R M
F B IR B A
TR S B
B, PR X
WFH AL E S
PDT# % 2 A B
TFHRRHPDT
ALY F L.

KYSE-70F1Het-1A/10.2 pmol/LIJPpIXAb#E, DA
A L REAE AN M P 7 AR AR KPR PpIX. HHALA
AT P A (20, 3 K>600 nm), KY SE-45011)
G5 A 7.2 Jem®, KYSE-70F1Het-1A (16
W5 3.6 J/em?. FHPpIXALEE 3 4 fa, 6
PRI 4 14.4 T/em®. JeAbBESE B R 3125 5
BEFRW, INAN100 pLE100 g/L/NA= I i (1) e
FRIRM, WEAL37°C COBEFRM A 12 h. HI A
Jf, 14 000 r/min®.0>5 min, ¢ _EiE, 40 3T EE
0.5 mL 1 X V22 R, 14 000 r/minE.05
min, 7 3. MIA0.5 mL JC-1 ARl 4 o it
VETE, 37°CIRAANIFF 15 min. H11 mL 1 Xz
I G2 DR 2 UK, B S5 FH0.5 mL 1 X e W 2%
T R A Y, i A

1.2.3 &k Mg 4K KYSE-450.
KYSE-70F1Het-1A40 f 53 7 HHALA. PpIXAbEE
RGHUR, J7i Mg m 1.2.2. %F 2140 i A
ALABPpIXHEE, PDTALFE 7 vEAMIA]. Jeab 3 se
YE N4 mL 100 g/L/N- L5 R HT i R 7,
EAR37°C COMGFRAIF A 1 hja k4 . PBSTE
%, ANHDCIE 10 g/LI% B RN40 g/LH
T H BT £ (cacodylate) 2% 1R, [ 52 41 A
. H10 g/LIUS AL Hk (osmium tetroxide) ] —
FR BRI £R 52 1 R P o 40 1 b, Bk A3 4y
515700, 900, 960 mL/LI] ZEEEIA3 IR, BEK
10 min, 55 I8 T4 AL (propylene oxide)'.
20 f AL IS IR (Epon/Araldite), 353 1V F,
T3 LU 2K (toluidine blue)4etn, iE Y
BEWEEEANT. FEiA JIBOEY Fr, LR
(uranyl acetate) FIFTAF TR AT AL (1, HLBE M E2.

1.2.4 X3 hF AL Aetm oA 7% F Mg w2
(MTS#): A1 X 10491 g E96 5L 77 4,
37°C 50 mL/L CO 57 IRt 4, FH200 L
MIHERPMI 16405577 5565 2IK. IIA100 pLEr1
mmol/LIALAB & (I PpIX (1) G MLERPMI
164035359, B54b37°C COIGF-46W &4 h. PDT
AR AT e AL BT, 3 K>600 nm, JiHES
W/m?, AR B 58 HE 5 L B 3R SRR TR, N
100 uL35100 g/L/NA- I3 DB EE 5T J8 9, s Ab
37°C COBEF-FEMEH 24 h. L6l f12# A FE 41
Jd, FEFLINAN20 uL MTSH (A FE 45 g/L), 37°Cilit
FIPIFE 1 hG, B A 20, BEAR O 492
nmAbFPDEIE. BT AR5 ) se - PATIL, =
ADEAT2UR. LAICAL ALH A [R] 6 7 A 3 ) 6
LR B 100%, FCA IR IR AL LA ko) o5

it AR R SigmaPlotik fFStudent's
t-test, JITH EHE Llmean = SDFE 7R, P<0.054H &

2 BR

2.1 ALAZ £ 69 AR MEPpIXAe s R HPpIX ey
e i T PpIXS 8 TR R R Sie F e
1 38 P p IX A3k 2 40 M A o, FRATASE %
ALASPpIX G ME IR AL FE A0 . tHALA
P A IR VR YRR P p IX 9% Y B2 431 71 i 3t
W, SMitoTracker Green FM 7R ) 2ok 4452 5
Sy ATAEAH F IR DI, 18 B B AL A=A 16 Y P
PpIX 2250 A0 TRk, SR AMETEPpIX i T
FEE B IEE AN, JL9AE S oRiE
PO T HEEAN AR, 584X i T MitoTracker
Green FM% 6 7~ ek A7 & (D 1).

2.2 ALA-PDTAePpIX-PD T & ¥ 4K I v, 45 64 2%
00 R AN GG RGRI &, SO DGALEE, I 5E
248 TR DUAAT AN A2 10% 110 290 it 2 b7 4 i e 7 304
2(Kl2). KYSE-450. KYSE-70f1Het-1A%H 1%
ALA-PDT 12 hJi5, SRiR3Z 40 140 i 53 ik 3|
22%- 52%HF133%, 1M AMEEPPIX-PDTI12 hjib4k
FEARSZ T A M 264N 53 A 15% . 14%H118%, K
WIALA-PDTELAMNEYEPpIX-PD T 5 #4 i) T AR
LR A,

2.3 PDT/G & Atk M ey Al as I3 AT I,
ALA-PDTJE{X1 h, —S2ki AR H L2 fik
A, Elha] WK AR NI ANI] G, B T R
. EANETEPPIX-PDTJS 1 h, 4 Py K #7525
IRZNILENESETE 22y AN LR TN IVASE R NEI DG
BRI IR B SRR TE A2 AR A 22 e,
— P UESEALA-PDTAIAA 40 I P 453 4 72 010t
SR RE AR IR A . 37 448 L 2R 30 S BT [ ) s
gk

2.4 ALA-PDT#A=PpIX-PDTI 4m ftLtl R ) 544 1E
A KYSE-450/10.4 pmol/LANEMEPpIXALEE
KYSE-70fHet-140 i H0.2 pmol/LI¥ 451t
PpIXAb#E, fiE51 mmol/LIALALLFE 5 A A
R I B A PpIX, PLELAALA-PDTHIPpIX-
PDTZ OGS )8R, A fiPDTALEE 5, KOG
FIR 5%, PDT/E24 hdl ARG KB
FE(El4). HARAL ARG P p IXAE 40 My =2
AR B PpIX, fHALA-PDTHI4N AL 4
A5 250 SR W S G DA AR P p TXAE A Y B8 1
PDT(P<0.01), 34 ot A AH R4 R, |
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MitoTracker; D: MitoTracker; E: Phase—contrast; F: Phase—contrast.

ALAFTEERI IR I PPIX RO MR P IXFEKYSE—4 50 4B AR ChEY IT ZBAR 2370 ( x 600).

A: ALA-PpIX; B: Exo—PpIX; C:

A 5 B &+ C 5
— 9% - 22% — 15%
RN RER N RN
=g o 21 ' Py
'::97\0 \1 c:?',‘o \1 /"\":‘1 - -‘3. \4 c:ai\[) \1. \2 -;\3 \4
10° 10 10 10° 100 10° 10° 10 10° 10 10° 10° 10
B FE(RIR) BRI BTN
D 5+ E 5+ F 5+
- 10% | 52% = 14%
REL N RER N RN
2 52 = =y =
Ooi\ D T ] Ooi\ T -l ':' ':’07‘ - \- “"‘1{'\‘“ = ‘-\' |
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BB FE(ERIR) B FIE (RN LG (FRE)
G & 1 54
=1 4% 33% =1 18%
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i%g] ~— i‘% i
Bl 52
TC—JF\ T em— ] Tc—)f\' '\ \ TC—JF\ T T ]
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LRI (RIE) B HIGRIER) I (RIE)

2 ALA-PDTHIPpIX-PDTXHERHAIEEBAIAPMIBVIEIR. A—C: KYSE—450; D—F: KYSE—70; G—I: Het—1A; A, D, G: %R
Z0; B, E. H: ALA; C, F. I Exo—PpIX; P EDECHAYmIH R 4R E 55 H.

T HALAF LR A IRTEPpIX T2 T LRk, A S R A% 7 2 b 1A (1 453 405 7 4 o 3% 1 i v
MANIEPEPp IX SR YE A T AN A5, D RS AR W 2 AR, 2ok A2 PD TN — /N
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3  EBIERRAVPDTNERUABRILEIAVIRD. N: Hul%; §5k: ZERrfR. A: KYSE—450FHALAZNHE; B: KYSE—450 FHExo—
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100 —o— Exo-PpIX 100 —o— Exo-PpIX 100 —o— Exo-PpIX
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HI 60 H1 60 I 601 b
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20 20 201
0 0 0 —
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FEIRFIE(/em?) SEHAFIE )/ em’) FEHAGH (/o)

4 ALA-PDTAOPpIX-PDT/S4BIEHVEEE M. A: KYSE—450; B: KYSE—70; C: Het—1A. "P<0.01 vs ALA—PDT#H.

AL A

3 11e

PDTH O V2 B 28 g 21 2 R i i
AT, SR A DIHLEAi
R WG R AR B ORI LA S PD T
I 9T 3802 H HTPD TR 52 1 3 i 2 —,
Wb DG F SRR A g 2L 2 A TR AR 7] 43 A 7 AR
O 40 M A ) o3 A 7 20 6 EOVE F IR AR
0 M 2% JOn 6B 3 2 RN R s, A T 21
T . ALAKRG AR CHAER, 2 AR TE G
FIPpIXHIAA. IS PE RGP pIX o2& 41 i N i £
F(Heme) L& B a2, 1ESRAR N IE
JRU . AHIE TR F R AT 40 M P 7 2R P R P
FIPpIX AL AFISMIEYEP p IXAE by s ) 4k 28
200, W EEPp XA £ 5 o 40 (K'Y SE-450.
KYSE-70)FI €54 b R 7k A= 41 il (Het-1A) P [1F
g oA e PDTAE A AU SPDTA A

PR 2 26 2R WS R I AL ARSI 5
JCHGRAAE R4 RS, 40 B N Pp X 43 A1 75 U
WAL EHALA A NI CHOGRIPp I X 3 42
Y ARTERIAR, Do 456 T IUTBE, i ohs vk
PpIX 1T H AR M AR, Bl 4 Mo i s 3242
Y2 A BR8P 23 A T 2 8 i .
DRI BRI 52 6 A i 77 A R T Tk 78 4 e
A1 T 1) B 25 4 (singlet oxygen, 'O,) I 75 iy
B B AR R (/N 170,05 us, #TECEAR
/NTF0.02 pm), ITTPD T FHAT A AL PR T
TR AT Ak fg o7 B,

SRR A A2 20 P AT AT R ) R T AL R 1 )
T, YRR I AR A S S D e SO, i H
A B T A R AR R LR R R,
AT A 3 i £ R A WY 2 ¥ 7E (M P D T i B AL A
S SRR EAT T R I, A ] P T T
AR (crista), &S TALEE IS 4E, 7EH
T4 38 1 K S A R N TR i T AR AT P
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AN HERE. B TPDTRN X2 5% LW of caspase-activated Dnase, ICAD)[ £ [17K A AE ;gﬁziﬁy o

MRACERE ) — SE e AR T, AT P& il 52 &
AR5 AE F (photooxidation)!', S EZk ki
PP IR HLA (AW m) T K%, SR BERR AL A4, fE
A AR )2, SRR MR N, #z
A LT BOR B — S 5 P8 T AR O R,
T2 A T(AIF). caspasefISMAC(second
mitochondria-derived activator of caspases)Z 1M
JAB T AR TR AN, B TR 1)
G HBOR) A SRR K B IR A1, oAt 1] #6342
WA S LR AR D g, W I AR L (1R 32
DGO e MR R TR FE L iy, R Bid™
B HARM TR ERBI, 25 T &R
ToIARIL R SRR A ) 7. 40 43 A T 2
P ERLAA (1) 4549 S 5 P DT I 48 i o1 03 e ) 2 [H)
(e 2, A1 3 HIPpIX IR A AL A(PpIX 1 5
7 AR I AL T B R AAR) IR S R 8 3 A1 PR SR
PEPPIXAbFE4N i, 45 R KIMALA-PDT/A I 5
20 T 40 0 e bar A 5 FRL A, e AR A, 2 I DR T
FEFRIPPIX E AT ROt AR i AR D fiE. PDT)E 2k
LA Ak 5 A0 1) D 285 2 AR A T e A P 0 gk 2>
B R, IR AN A, B IR S kLA

PSR PIX 14 S0 240 i 73 A AH L E .

{BAE3Fh 41, AL A-PD T4 A i) A4 %%
R B T ANEYEPPIX-PDT. T AS2i Al
FHIAL AFIANEPEPpIX IR B i 7= A M 7] 7K F
R4l A PpIX, BRI OGS ) 2 ORI 22 57 Pl e
LWL AN TEPp IXAE 40 M A ) 73 A1 77 AR A
K, Yt W ZORLAA0 PD TN I goek. o T Jlg
PG S T3 i v A FE IR B A 4 5
R TS5 s 40 i fie, At Barge et a/'®
M FH AR 2 B fun JEL ] 95 (cholestery 1) T4
H(octyloxy) 5 YCHFAISIPeAE H G BT ISiPeAiT
“)(Chol-O-SiPcH1Octo-O-SiPc), LA IL IR
BEE, RILLPD TR RS 38, IR AT
Fe 1 i L 32 e 0 R i ol e g, i HL g
gl 25 9 M8 TR/ R S A oG 1) 40 i
A anE AR, PSRN R R B A AR SE, HEIIIX
A HE ST Y 9RP D TAH IR A% 5E ) 1 2 25 A )
ANGEBUC) TAE A N () E A PR E T A LAE T
AR IR CLRIE A . ARSI, 46 2114
B A4 b B0 6 B e e R T — e T 3
g e = CRESS & T i flcaspase-9, caspase-9
N Hificaspase-3, it X Caspaseifi{tDN A
(caspase-activated dnase, CAD)F) 34| T (inhibitor
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TR CAD! . YT R C AD ML U 5
Nk, RGO FRHEFIDNA T KL, 275
R TR P 3 N g Yy M 9
7, WPE 52 EHOR R BOR AU (K e B 4k, 3
RN 1, T RER I B AR I 454, T
AU G, 2SR IR e .
TS TEPDTH EZNLHZ —, PIIRATA
Ohy 3l BB AN T £ 0 i 5 AR 32 s PR AN T 4
NIRRT 5 A R S AR T K

JCREGR S A I K A 2 T AR
PD TR (134> 05 BN 35 AR 1BOR AL 2 (148
R, PDTII A VAT RCR WA T e ORI E I
SR L 2RI R 40 N 1) 23 A T 5. oA iy T
FEBESBT A I B A, AL A PDTI
AL gL ASHIE TR W S By g 5 RN Rt A
SRR I35 05 5 Pp IXAE AR ML (R 73 A AT %, 1T
HA AT ZORL AR 1P p IX L 718 73 A1 T 41 10 J5 14
PpIXH AT SRINPD TN, &5 RiEwaeft T
2R 1) ' R A R SR e BRI A6 )
PRT T — A 6 BB TP D TR AN BE 54l 52 41 Ji AR
SRR JEE AN B RO R R W, B T B R AE
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