R 53(2):303 = 314, 2007

Acta Zoologica Sinica

JRN IR X -7 3 227 v S S180 M U8 41 A 11
T

MAeZET  FARUK £ OB K Mo ke oKW W 1y

B G e K 22 A dr kL2222 B, P9 710062

O SR 2.2 MHz, FHHRA 3 W/en® AR J3E 58 AR R 75 45 45 Js Wbk XS S180 Ji /e 4l i roy 2 475 LA & 75 ¢
AR TR AEREAT RIS, R HAR 2 7 HLH] o 8 7 S S nh ek IV T T S180 MhRF 4u B b B S, AN TR N
) BURAS, 83 Annexin V-PIL 2GRS T2 1K B 22840 KA TUNEL R 3R 1c v Ao T 40 S 7 2 (% % A2
25 ) FH )42 G 28 B BT G 78 20 Ji A4 2% 5 AKS W &t B P 9% T2 A G 85 ) Caspase-8+ Caspase-3 UL AL T I 26
ADP #ZHEZR A [poly (ADP-ribose) polymerase, PARP] [FIRIATE AL . S0 25 A Wom: 8 75 W0HE SR bk IX 77 A
P55 S180 MR 4i B T b e Az, I ELIR T TR AR A8 I A HOR I TR 0 SR W R s e A AL S Qe (SR )
By )15 b PR ZE TR T AU M Caspase-8 Fl Caspase-3 A (AIRIAWGYE, I HILWEHFEEE 7370 T4 RS 1 h A 3 hik
P, MPETIRY) PARP R AR [ AH G PEBT D). AFSCR T, 875 45 5 I nh bk I vy DAL I 375 S 40 M 7 2 1% Jy =X
R GUMR ST, HAER ST R8I K B2 A4/ F 1) Caspase-8+ Caspase-3 EL X PARP HCH1: 1 P8 7215
ST (SR 53 (2): 303 - 314, 20071,

OB RAEEES UMK S180 AT

Apoptosis on S180 tumor cells induced by ultrasonically-activated
protoporphyrin X *
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Wei, MI Na, HAO Qiao

College of Life Sciences; Shaanxi Normal University, Xi’an 710062, Shaanxi, China

Abstract The effects of proptoporphyria [X (pplX ) combined with focused untrasound on cellular death Capoptosis) in S180
tumour cells were studied, and the mechanism responsible for induction of apoptosis was evaluated. An annexin V-PI apoptosis
detecting kit was used to identify morphological changes in S180 cells at various times after treatment. The extent of apoptosis was
analysed by terminal deoxynucleotidyl transferase-mediated dUTP-digoxin nick and labeling ( TUNEL) staining. Expression of
apoptosisrelated proteins ( Caspase-3, Caspase-8 and poly ADP-ribose polymerase ( PARP D) was determined by
immunohistochemistry. Results indicated that apoptosis in S180 tumour cells can be induced by ultrasonically-activated
protoporphyrin [X; and that the rate of apoptosis increased gradually over time, post-treatment. Activation of Caspase-8 and
Caspase-3 were upregulated during apoptosis and PARP was cleaved to its active segment, in a time-dependent manner. Thes
results indicate that sonochemically activated protoporphyrin [X may exert its anti-tumour activity by triggering apoptosis in S180
cells. The probable mechanism underlying this effect involves expression of Caspase-8; Caspase-3, and PARP cleaving actions,
which are dependent upon membrane receptor activating pathways [ Acta Zoologica Sinica 53 (2): 303 - 314, 2007].
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BEG L, Tk A AR T R R A, AL
WoE 5 M B ARG IR A G 1, AR
H L, A E PR R 5 IR 40 B (Yumita et
al.» 19900« H1 T~ P B £E b 8 4 0 o B ok S 1
AR DL SRR 75 U R I B 2R £ (Umemura et al.
1989, 2004; Feril et al.» 2002, Jf HLX & [l IE 7 41
LU BN, BRI, B iR BT R BN B
RIEFHI N HEI S (Yu et al., 20045 Rosenthal et al. s
2004)

HET, A3 1A a2 30 i 0 2
HZM, WHEINKENAEY) (Yumita and Umemura,
2004)« HUREZYY) (Mohamed et al., 2003). FLARIE
2% (Okada et al., 2002), AR &9
AN I 4y |32 o JERRIX (Protoporphyrin [X, PP
XD J& M sk AT 42 %) ( Hematoporphyrin derivatives,
HpD) )— B A3 2078, & 21 8 45 1 i 4
PPIX TE/EDAR N B & 2 46 T 8- 2 LN TR (5-
Aminolevulinic acid, 5-ALAD, 283 i P9 — 5 1 filg 1
YER, BafEgebifk LB R PPIX, JERRMKIX 5 3
BRES TAENERES S VR ) N AE AL R . S
BUT e 40 i P B 2 T R PR A LU R, A
AN — € S 1 5-ALA 823 3& s JE 1 PPIX A
itk EM L (Klinteberg et al.» 1999; Ninomiya
etal., 2001). #:T 5-ALA P/EWIENE PPIX IIOE3)
JPET RO LN T IRAK K HRE (Brun and
Sandberg, 1991), 1H PPIX £ 75 5 1 577 2 i b Jed it
ST IR AL THIL M B e Umemura et al. (1996)
R ) 45 S5 4% 11 P 45 5 AR PE PPIX B ifnb
WhH BEF F 498 R 00S S180 S 44 IR 4 L (14 U IR LA KRS A A4
Jif 983 B A= A 4 ) AE Bl e Kinoshita and  Hynynen
(2006) LA T AMEE PPIX AT IEETE PPIXAE SDT $i
IR 5 T R A Y RN, & SRR W] T AN PPIX T
Re Lt ) UsPE PP IX BE A T 0k 4 M = A B A . A
I PPIX E 5 40 i AR P, G I T8 42 (Brun
and Sandberg, 1991), PKIGAE SDT HU/i & (14 5
AR — P R R PR o JRAT A 75 45 5 L bk
FIAEFE R A B SDT W] LAJE o B 42 5% 45 M5 3 41 i
TP RS 5 AL BUM R 28O, (Liu et al.» 20035
X425, 2003, 200500 AW SR T B 51 A
fii I (Liu et al., 20060, L PPIXAE A A5 8805710, 0
Mot A 1 P JRAL B2 A T T S180 MR 4 i, 4t
B AN R e BEEUAE, 83T Annexin V-PIL %€ /6 X4
SRS P Al K T A &AL, TUNE K i
P TS I Y T AR R, R P T A e Dl 4

NV TR e s N UK ) N R i S =g =
Caspase-8+ Caspase-3 X I AE HJIEH PARP )45 0%
PEARAL, WL WSRO I AR b X 755 S180 fi
AN TR R A, IR AR T 2 LS A
SDT HUIRE AT 74 08T (1 PR LA

1 RPRR

1.1 ¥
1.1.1 B2 JEnb ok X 44 25 B Sigma 2 7] 2
fit, H 0.01 mol/L PBS (pH=7.2-7.4) BEICHTR,
YRR, 4°CEBEYCARAT . WFFTH B BRI &
BAUFE: Annexin V-FITC # T-# A7) & (b5
FEYEARG IR AT, AT 48 M T R
TUNEL (POD) (K HE P KA, Caspase-8
Caspase:3 it £ 5L % BT A& (Sigma 2 7 ), Cleaved
PARP UL 5g FEHUAR (Cell Signaling 2 ), FIFC F5
W FEPTR 1gG (Santa Cruz 2 7)), iAW) 1§ bR
WEEEIN A E (SP) S ilfla bt
EWEARRATD, e P R A o b at.
1.1.2 S K40l S180 /I FUIE /K98 4l il &
b B R 2 B 2 S T g L8, BRI T s 2y
WFFTRE S 5 B b fe k. S8 ) ICR &R /D B
CHEME, AT 18 — 22 o) M HHBRVE 44 v = 25 W 50 B
SR Ot
1.1.3 @A E 5 SRR NI RPN
(AG-1020) K3 T&C A W) /™= i, 75 ¥ GE 2%
e 7 i 9 K 2% W P 2 S BTl o U R A
B H — IR PE i RE R ALY, SRR AR B R, 5K
60 FH R 75 A R TRV TR B v IR K, i A7 7 TR
Ak T T R BN (R A
1.2 J7k

FERh S180 MR 41 H T ICR F MR /s (1 BRI i
— A, WK MR, EAET 0.01 mol/L
PBS (pH=7.2-7.4), W 5402 FER 10°cells/ml,
rEET R R IE T (0.5 ml/ED. K &E
ANMIBEAL S Jp B (e, BRI 4L (P),
A (U, HEAEZGEIKIX 4 (up). Hrphp4l
T UP AREE 43 M — 2 5 () B bk I S, A
FFLMRPE R 120 pmol/L, CT 41FN U 41 0) I N 55 &
(1) PBS, 37°CHEEGHTE 30 min, 2R)5 U 41A1 UP 417E
AN 2.2 MHz, 9RJEN 3 W/em® [F)H8 5 48 & A
WAL BE 30 s AbPESEEESS, K P 2T UP 21 40 M s
R 2 A PBS BE0E 3 X (1000 v/min), AR5 %41
I E BT RPMII640 (10% fifi 28 135D 1, 37°C
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AT Ak SRR R, AT 0y 1. 3. 5 h X
¥, BEAT R Sz AbEE . RS I FEAE 400 N ER1E,
DL G H G0 Js b bk IX 130k, SRR E E 3
R, DARIAGS Bl SE .
1.2.1 Annexin V-PI %G5 %Z Ab 3 5 AN ] I
) B IR S e ) 6 U B 4 0 SR AT .
WeEE gnl L, PBS BEWR S, A MWK 1 x
10°cells/ml, 4°C &0 5 min (1 000 r/min), F Fif,
I\ Annexin V-PI 29, B2, #EO6 4°C K M 30
min, 250 5 AN IR A, Nikon 2806 BT T
MG IFIE T 0 Tl R AR 2R e AT GRS R 43
T
1.2.2  TUNEL A ¥ b ic v K6 0 40 M 3 12 11 & A R
JEAL A bR 1E DNA v W RS I 40 Ji 0 7, R ARSIz
T3S AR S W B ERAE, 2 RS IR
HEORIT B PR ) R, A5 e 3 58 BB S, n o 6 1 o 1
DAB B W th, K UG, RURE BE I RS WL AK, P ik
PR Ao e AT R BEHLIEI 10 A4S = 5 0L
THEO PR . BT 40 Az B AR B Bt 4
W%, IR A ARE T R AR LA T = BT
M CPRvEgn g + BIPEZEIRED  x 100% J.
1.2.3  [BJ 45 40 9% 58 G BRI 48 i A Caspase-8+
Caspase-3 & H ZLIETE AL % SEER 41730 1t A5
PSS 0 14 3« 5 hHUM, WA MR, 4% %
W 4°C 14 € 10 min, PBS I ¥E; 0.1% triton X-
100 (0.01 mol/L. PBS, pH=7.2-7.4) UK abH 5
min, CAM D040 M JBE 37 E, PBS MY IEH LR
M3 37°CH M 1 h, BAAERE R IESS GO m 20
N Caspase-8 (1:500) FI Caspase-3 (1:500) %
SLREDLAR, 4 A A BIPEX EL 0.01 mol/L
PBS & —H1: A FITC Axic () FE R 16 (1
2000, 37°CHEYEHFH 30 min, PBS EEVE 3 WK, ZKIH
AKBE 1R, Mg, Hl - BRI R i
FABEALE L 10 A m LR, R 986 o
WA R G AT AR 4R R 4 BT Image Pro-
Plus5.0 IG5 1 52 i 45 20 6 R 1) 7 38 5k i
JEAH
1.2.4 9% 41 M4k 2% 7 K D0 40 L Y PARP 1 F%
R A S0 A ol T 7 AL 35 AN [ B ) B Y
M, HE AR, 4% 22 5 W R U [ E 10 min,
PBS i 0E: 0.39% H,0,- T B9 i B AL 45 min, 3
VP YR R A, PBS EEVE: IR LR M T
37°CE M 1 he B AR R AE A A A N
Cleaved-PARP (7C9) Bl H 30 FEHIA (1:400), Bt

XTREEL 0.01 mol/L PBS HXUAR —dt, 4°C W & i &
TN =50 BV = bRl F U 16, 37°CHE R 45
min, PBS EUE; N0 BN I A A0 ) I A O ) B I
BRI TAEM, 37°CH & 45 min, PBS iEUE, DAB
B, BREEWORE K, TR

A BEHLEE 10 @ s LEF, R R i oy
Bug F G AT BAR KRR 73, K Tmage Pro-
Plus5.0 UG 73 A I 5 5 41 B R (191 3 Dl % i
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AT R R 5 2081, A R Mean = SD #oR, R
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i, HAREMNRRGETE (BRT: D, U
1A UP 20T 240 i 1 453 7 Bt EROAA RF ] 114) S 38 1117 328
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(BT = 2), UP 4Ln] W07 4 o i 5 p e 4 (1. 5¢
g, I FIWIH T AR REE (BIAR T 3)5 1
h AL 3 h MBS, U4 E s BHMaEZ, 4
e (BT : 4. 6), UP A&kt et
B2 1, A AN A G R AT, RIS S 40 i
B (R T : 5v 75 5 h BUME, U 41040
SO R, AT IR (BT 8),
UP HAl i CE H i — D 2, 5040 Mo &
L, WA EAS, RIS R T
FRAE CEIRRT = 9D
2.2 TUNEL A Sii b i R 0 4 B i T2 1 Ak %

TUNEL A3y b 12 ] 75 B A 48 i 7K 7 A DA
T4, I Bz vk R U . s, Tl
MIZE TUNEL 3% (0 )5 7% S A% B (0. AN [A]) 4k 240 1) 40
JRLVE T2 BEIN ) AR 4k i B 1 BTk, T 4L p 4l
JgR A B TR AR BRI : 1), I HL B[R] %E
IRTCIA AR Ao e 5 &5 A SR n bk IX /E H T S180
JI IR 20 o A S 0 R T A H B ORI TR 1)
FEIR WG (AR I : 3+ 5+ 7+ 9), JFHF—
I ) B ) 38 3 25 K TP sl /s dl (IR T : 2
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4. 6+ 8) (0 h: 14.82% + 4.67% wvs 10.67%
3.32%; P < 0.05; 1 h: 21.20% =+ 5.36% ws
15.73% + 5.45%, P < 0.05; 3 h: 27.24% =+
6.52% wvs 17.72% =+ 4.92%, P < 0.01; 5 h:
33.52% +6.99% vs 24.77% +4.25%, P <0.01)-

+

45
40 ¢
351
301
251
20
151
10 -

aCT oap sU oUP

T

P L (Apoptosis rate) (%)

e

7=

YA W) (Time after treatment) (h)
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CT: ARACPALMNE. P: FAGARIKIX AL BEAL . U FRIGER 75 A
B, UP: G R X AR BE AL

Fig.1 Changes of apoptosis rate in four groups at different
times after treatment

CT: control group with untreated intact cells. P: cells with 120 pmol/L
PP [X alone. U: cells irradiated with ultrasound alone. UP: cells

irradiated with ultrasound in the presence of 120 pmol/L PPIX .

2.3 S180 M'J% 41 Jfi 1 Caspase-8. Caspase-3 £ [
RIETEEARAL,
A ) 2 H 92 ¢ S ML 8 RN 4 ) 2 e M 1) 22 L

BEARER: WEE0R B, cTd (BRI 1:
EIRRIV: 1) 1 P4 Caspase-8 F1 Caspase-3 5 3K
RIEPELL R S, T U 4LF UP A Bl Caspase £
FGPEH IS BT CERIRCIT: 2+ 3 BIRIV: 2.
3, Hupdlm T udl, ZRHFEH (P<0.0D;
1 h BRI, AbBZ (UM UP 4D 4HMdN Caspase-8
P96 IRBEAER 0 h A KR LT, 16 3 Hw
P FEf d g CEIRCIL: 4+ 50, 11 Caspase-3 1
HARILHEERRE LTHES (ERRIV: 4. 5); 3
h A INY, AL PRZH A0 LA Caspase-8 AT F 1AW P
B (BRI 6« 7), JFH UL uP AW
NRETREE TR, 1 Caspase-3 (1) 3% A R FE AN W - =y
(KRN : 6+ 70, UP AL 1 520 9 5 (B A 51 5%
Ko FFHMEZRT UH (P<0.01); 5h M
I, S AEFRZH AN L Y Caspase-8 FI Caspase-3 135 P
IV AR R LR T B, EIGIN UP 240 i A 7
Pl LR PR FF LR AR P (BRI : 8+ 95 KA
NV: 89, H UAMEERKEE (P<0.0D)
(R Do A MR Caspase i 3 1K 3% M 1 IR 5 2%
NS HTEE AR W], CT U0 P 411 B A Rk v
BAG, HBEROA I [a) (38 G W) 2 AR 4 T U A UP
A PRAL 2 S8 58 T Caspase-8 F1 Caspase-3 ] 85 [ 3
IETEE, PR 56 0 A B IN TR A AL 2 R B 5
s RRERES (K2, ’3), I HIR I T
(11 UP A1 39 s B AR B 2 35 v T30 =S¢
56 A1 P 279 6 5t B A 37 B A 40 i 2 P 00 1

Rl AP [0 BERAS UL N Caspase-8. Caspase-3 -3 2¢ 6 i (A2 4L

Table 1 Changes of means of fluorescence intensity of Caspase-8 and Caspase-3 at different time after treatment

I 7] Time
0Oh 3h 5h
ZH 3 Groups

up 70.00 £ 1,49 ++ 44 86.62+1.967 4 75.52 % 1.90" ++ 44 73.84£0.79" ++ 44

U 49.88 +2.60° 66.03 £2.00*+ 44 54.16 +2.52 50.01 = 1.56
Caspase-8

p 47.41£2.73 50.83 +0.49 50.84+0.65 50.50 +0.26

CT 42.06+0.79 48.20+1.24 49.10+0.55 47.62 +3.10

up 44.96 +2.517 44 47.48 + 4,65+ 44 58.88 £4.797 ++ 44 56.33 £3.357 44

U 40.71+2.87+% 41.26+2.93++% 43.04+1.16%°° 41.15+2.24++44
Caspase-3

p 36.15+2.60 37.06+1.87 37.85+1.38 37.85+2.17

CT 37.65+0.67 37.22+1.90 36.16 + 1.64 36.51+2.07

5 UM * P<0.05, " P<0.01: 5 PAHE: * P<0.05, ** P<0.01: 15 CTAAEL: ©P<0.05, % P<0.01

CT: ARACPAIANL. P PALSENNBKIN AL BEAL . U: SR AR BEAL. UP: A 45 45 JSU MR IX Ab P4

*P<0.05, P <0.01 compared with U group: * P <0.05, ** P <0.01 compared with P group: “ P <0.05, ““ P <0.01 compared with CT group.
CT: Control group with untreated intact cells. P: Cells with 120 pmol/L PPIX alone. U: Cells irradiated with ultrasound alone. UP: Cells irradiated with

ultrasound in the presence of 120 pmol/L PPIX .
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P35 6B (Means of fluorescence intensity)
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K2 AN[FNIN E) BEUM % 20 40 L Y Caspase-8 5 11 1K) 1)
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CT: RPN P: FEPRENRK X b PRAL . U: S 75 4L
PR UP: B S S5 bk I Ab LA .

Fig.2 Changes in means of fluorescence intensity of
Caspase-8 in four groups at different time after treatment
CT: control group with untreated intact cells. P: cells with 120 pmol/L
PP [X alone. U: cells irradiated with ultrasound alone. UP: cells

irradiated with ultrasound in the presence of 120 pmol/L PPIX .

——CT —=—P U —=&-UP

1 1
304 1 3 5

B4 I [B] (Time after treatment) (h)

RIS Ne5mE (Means of fluorescence intensity)

B3 AR ) BEBOR % 4140 2 - Caspase-3 £ 1 1134
PR (LA

CT: ARACHAMNE. P FPAMGIRIKIX AL BEA . U RAIGER 75 A0
M. UP: G5 R X AR B

Fig.3  Changes in means of fluorescence intensity of
Caspase-3 in four groups at different time after treatment
CT: control group with untreated intact cells. P: cells with 120 pmol/L
PP [X alone. U: cells irradiated with ultrasound alone. UP: cells

irradiated with ultrasound in the presence of 120 pmol/L PPIX .

IR, SR 5 AR B K ) 2045 5 ki)
2.4 A[FACER S 40 Y PARP FAi F B sl

K H Tmage Pro-Plus5.0 FUE 73 At B AT 05 & 21 4
LMY Cleaved PARP & 1 (89 kD) (1)1 44 )6 % i 1l
BEAT oA e o B8PS 45 A BRI BRI AR B 5, 40 e Y
SETJERA) PARP (¥ B At A5 00 B N 1) A2 44 11 it & WL
4, CTHULA P 4140 i A PARP 34 £r +F 56 & I¥) g 3%
PE, BEICM I R) G 2 35 AR ks U 4180 Up 4140 i
PIIET PARP [ iy DRI T (1] 8 38 3 B HH 56 384 o s
AR RerEas, P AR RN R E R
IRTE PR, P38 2 R R B K ) 3R A 5 B
Oh HAI, UM UP4l (EIMV: 2. 3) 41ipy
Cleaved PARP [P35 % FE R cT 4 (KRR V -
D ¥WHEAT (P<0.05, P<0.01), {H 3520
ZRALZE (P>0.05); 1 hi, AL (U 4lf
UP 41D 200 9 PARP V& A0 72 BEIK B d iy (IR
V: 4y 5, IHH P4 PR BEEMEERNT U
41 (P<0.01); 3 h A5 h Ny, AbBEZT 0L A
Cleaved PARP £ [ 1 °F- 441 56 %% 8¢ {1 B 1) [m) A8 4k [
ERAEERE (BRV: 6-9), 5hI UP A A]
i ) K 1Y 89 kD () PARP F i, H5 U 4AHLL
i (P<0.05) (K2,

8- CT—A—P—-U —e-UP

—_
wn
1

—_
w
T

—
—
t

o
—it

0 1 3 5
EXA4 I [B] (Time after treatment) (h)

SEHGE R (Means of optical density) (X 1072)
~3

Bl a4 ANTAJIN ) B IR 5 ZHL 48 i Y Cleaved PARP & 1111
TECH R

CT: AR P: BEPREIRK X AL PRAL . U: S 75 4L
A UP: B S S5 bRk X Ab LA .

Fig.4  Changes in means of optical density of Cleaved
PARP in four groups at different time after treatment

CT: control group with untreated intact cells. P: cells with 120 pmol/L
PP [X alone. U: cells irradiated with ultrasound alone. UP: cells

irradiated with ultrasound in the presence of 120 pmol/L PPIX .
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F 2 AFERBIF A Cleaved PARP VD% BEHAZ L (x1072)
Table 2 Changes of means optical density ( x 107>) of Cleaved PARP at different time after treatment

I 1) Time
Oh 3h 5h
A5 Groups
UuP 10.57+0.72+4% 13.83+0.627++ 44 12.91+0.41° 44 12.79 £ 0.33"++44
U 10.36 £ 0.66" 12.99 £0.53*+ 24 12.26 £0.69** 24 12.16 £0.71++ 24
Cleaved PARP
p 9.92+0.42 9.75+0.70 10.16+0.97 9.86+0.70
CT 9.77+0.44 9.63+0.29 9.80+0.87 10.10 £0.56

5 Uttt

“P<0.05 “P<0.01; 5 PAHLL: * P<0.05, ** P<0.01

; 5 Ccritk: 2 P<0.05, ©°P<0.01.

CT: ARACPEHMM. P PSRN AL B . U SR FEALBEAE . UP: S 45 45 JEUR MR IX Ab 220
*P<0.05, " P<0.01 compared with U group; * P <0.05, ** P <0.01 compared with P group; P <0.05, ““ P <0.01 compared with CT group.
CT: Control group with untreated intact cells. P: Cells with 120 pmol/L PPIX alone. U: Cells irradiated with ultrasound alone. UP: Cells irradiated with

ultrasound in the presence of 120 pmol/L PPIX .
N N /\
3 1 ®

ARk, AT W 75 (0 R4 22 8N v] LA
SR AT R A o Lagueaux et al. (2002) $i&
HH P 4l AR A0 RE P A B AT LB 1RO 1 I AR R
(k562 HL-60+ Kgla. Nalm-60) FJUT:, H M H
I3 F KPR DU B L 1 1 2B 5 A P A R
Ko Firestein et al. (2003) i@ T8 /5 %) N CEE
NGRSO VLW B o AR NS ol
Caspase WL IE B, If H S [AIAHOC PR AR 4.
AT AR 51 R 1 50 S5 4 bk cocl
MR IH T 5 Bel-2/bax HE KR E A K (B 3& % 4%,
20040 . TMTEER A ) AR B ) S A g, AR
T 25 2 R 0 A 2 25 7 THTUE SI2 77 36 7 83ty i bk
FHS LK MR B TRk 2, IR SDT
ARG i ZE TR 5 A R T R R 2 I 5
(Liu et al., 2003), £ 2005 43R 24153
3NY1E 0 i e 9 A I 0 = A e
(X425, 20050« 45T JE MR X 5 i wk ¥ 254
SR PEAN TR DL R R ATTAE 40 P 1 A AR A ), I
FAG RN S PR 4 VA T B AL IR BT AR A
ARG (Wb B A A 2R, 28 S A B
g R W e BN 18 RS A X 1 N S
K F AN ISR SRR TX A A A5 OGR), AP R T sk
WK TX . FH 1 75 ) g 247 5 (RE 90 2 15 B8 1 54
WOJR T2 R AR LA B AR S S S it i 2
T PPIX-SDT 75 3 ¥y 4 B T 0 7 o

AHIF S AE T I SE 0 R LA 1 07 38 T8 75 S it
NIB IX 75 FH T S180 Mt 8 40 A 1) S (b B S 4, 75
HE S5 AN ) B T BEE A, B Annexin V-PT 2¢ )6 XU 4%
B2 WS R TUNEL [ DNA F Bedbar b, w20

HEWT PP X -SDT H A7 15 S180 i /8 A JL i 1~ 1 &
Ao Annexin V-PI XU ZEGHRIC K BL: 8 75 454 Jsinh
WX A B, ORI T 0 AN )6 40 B3 1 ) S i A
], O h RS BTG 1) B 40 R T2 Ak AE, 1 h
A3 b I 2 0 T R 2, ] I S ) 40
PR BGEIEINE, 5 h I H2- 90 iz oA
96, MMPIBAR B, R TG T )
AL s T ) IS T B HRURA 1) B 75 AR AT, 40
PAT 5 H ARG 820 . TUNEL Aorill Jse e 17 AN [ 4 242
2L PR 240 6 05 1A B N ) PR AR A Y, R TR A I
W SRR X 75 S180 /iy 241 L 14 4 T2 L A7 I ) K
L o T e A A A B (R S AR Bl ) A A B
ML Caspase-8+ Caspase-3 Mg J5t FRE A4 LA AE T IS
Y) PARP HIFEf 1 DL, XONHRIS PP IX-SDT i 54
N TR LRSS 7 S B0UE g . AHFSURIT
WESUAR, HPUNET V) S IR ALK Caspase V.5 A
Cleaved PARP Ji W1 (89 kD), AR 4> K il Jgi il
WP, AR R AR . S 4
R P S5 BN TX AR PR G B 95 T Caspase-
8+ Caspase-3 M8 IR IAWEE, Ty HAL R 0 4F H
JIKY) PARP th S LI [ (R PE B A, BEW] PPIX-SDT
V53 S180 JMJRd 40 M (¥ T2 7] B8 55 Caspase 1 PARP
Z 5 S ARG .

Caspase-3 1E 4 Caspase 2K [ N (P AT, A7
T UM TR R, g B R A T AT AR
T AIPE TR AR IRAR ML RLAR T R i AT FESET R
tRgterh, WTESHSE, B2 ERSEE S
Caspase-8 [ )5t H B ¥#UIE, W 611 Caspase-8 Z il
W) Caspase-3 J& 8)) Caspase ZIBE SN, AT 51 & 4
JIET: (Martin et al., 1998). AXSZHG 45 5K W@
P S AR IX AR BRSO h ORI S180 i 2 Hi Py



2 XA 55 SRR TY - 75 8l ) 2497 1505 5 S180 Jiyeg 4 Ma i 9 1 309

Caspase-8 Fll Caspase-3 [ 85 [ 32 1% 1% 1 W] Wl 1 5,
SRIG7PT 1 h A3 b AL AR PR R I B e
HTBEHED PPIX-SDT AJ e i iof 5 52 1A i 7 S 1k
MM T35 T Caspase-8, JEMIET-FHFHE S H A
A2 5 B It Caspase 20 DR ISR B N 03 i 9 1
RN F- Caspase-3, AT 3 A0 M P4 T2 100 & A2, T
Caspase-3 SRR FLAE H A PARP, ABIAHH G &5 1)
THREVRZR, AT 58 AR B 1

PARP & — FPARAL R (I g (AR S 1 0, AE4Efy
DNA 588 P AASE L7 1A B 2AE AL, JLAEAL s
PEEZLU T DNA BEMIIWTAE,  7E DNA B4 #B A E
BT RZASEN . MRk AERMT. DNA E
BB, AR BT PARP X DNA HEAT 8345 &
BG4S, FHRETIRE. RIHUEAR G A
FE— MRS GUHLEDL, PARP (9 300E b AR 2 ok
Caspase B i Fo e 8 g 3 30 L KOG /K, LLAf
PRI T 1 A 1 47 (Li and Darzynkiewicz, 2000s
Soldatenkov and Smulson, 2000). PARP (1] [ i il
BN K R gL T R b AN R AR, AR
AR TR T L, AR R BT AR S A I
KIS A A BEAR RS, PARP BV o] 44 = 1k
R 575D 89 kD A 24 kD I AN T BL, P A
PARP B n] A D 48 i 3 T 5% $09 G 7 P SRRk i) A
IR A SR UE S K 2 89 kD () PARP i Wi
LTI Caspase-3 VAL, Caspase-3 2/t PARP &4
o9 T () 2R 4E 2 — (Duriez and Shahs, 1997)-
AR K Cleaved PARP .5 [ JT 14y 5 1E YU
89 kD 1) PARP Ji W7, [R] It 1 D 40 J 48 T 1 9T
—ANIGAUEPERR AR o W94 AR B A S O S bk
IXALFL)E 0 h B AT 4G O0 £ 89 kD ) PARP J1 . 4k
BUS 1 h 40 9 B G B0k 2 25 e o, 2R
AR I 2218, IXATRE S SCHR R TE 40 R T R
W) PARP WM i, G I T e M B A A I R
W, IR — B T TE, (HAZS 5 DNA B E A
HAHKME (Barinaga, 1998

AR MIESFZIEE . A T A
EE PRI A 5T, TEW] T8 S 0 st bR TX T
5T S180 41 i 9 T i 7 Xk 44 I T b e 3
7 P 3 S B R PRI T AR B, IR0 2 e W
RSz R S G S @12 5T PPIX-SDT 341
o072 U O (S B 2 4197 1 i B S S i s A
I o
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PRSI TUNEL 24500 AN [ Ak H A 40 8 1 I (] 2244

L) B 2L T gRe A0 R T AR
v 4y 6+ 8. T 0hy 1hy 3he 5 h UM SRAGER P AL ET 20 IRs 0 i, 40 B YR T 3R BE TIPS T 1) S 38 AN W o
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BIRR T AR Caspase-8 8 1R He s 98 SIG R Ge 4
1. X IR IR AN, Caspase-8 £ 1R IAVE TE LTS »
2. 4.0 hy 1 h B G S AL B A BT A0 M, Caspase-8 AR [ 3R T 1% 1 T ¥ 484 54t o
3. 5. 0he 1 h ICM IR S 456 SRk [X AR FEZL IR 411, Caspase-8 £ 12 IA VS 1 35 14 0
6+ 8.3 hy 5 h UMK AR AL BRA IR AN, Caspase-8 I ARIAVEPEW] 2 NI, Sh SX AE BFHEZE R
7+ 9. 3 he 5 h U G SRR (X AL BEZH R AN I, Caspase-8 £ FIRIBIETERN A R, 5 h MDA R 25 i - H e = A S 4 .

IRV AR A Caspase-3 #5 F I G 9 GG It G £

1. X MR A I, Caspase-3 8 R IATEVERLSY o
2. 4, 6. 0hy 1 he 3 hHUMASAGE TS A MR A0 M, Caspase-3 B I RIAVE TEZ 1S3 0 o
3+ 5, 7. 0hs 1 h 3 h BUMAORBTS &5 45 ISR DO AL BR AL IR SRE 40, Caspase-3 2R [ 3IA VG T 1 3 145
8. 5 h HUMA ¥ B EE 75 AL SR AT MR AN L, Caspase-3 85 AR IE TR 1 35 T B .
9. 5 h HUM 1 75 &5 & SR I AL FR AL AP AN, Caspase-3 85 1 FIEIGHEAT T N Fe, AROS AL TR m/KT, P85 i B 4% tab 38 R ol
B AL .
BV ANFALBEAL Cleaved PARP J1 T (89 kDD ¥ 5 40 b 2= G 4
1. OGPl 40 i, PRSI 21 89 kD ¥ PARP 17
2. 4. 0hy 1 hEBUM P FRIGE A5 AL SRZ IR A L, Cleaved PARP 3R IR IZBEHIE £ .
35,0 hy 1 h EUM R A5 455 SR bk DAL SR IR A0 I, Cleaved PARP 2K 1113234 23 PE 38 .
6+ 8. 3 hy 5 h HUM Y FABIEE FS AL SR IR A L, Cleaved PARP 2K 1 RIE FFAGA T T %
74 9. 3 he 5 h HUM IR 75 45 NIRRT AL FEALIR AT ML, Cleaved PARP 25 [I3R 1K T BFIR AR /N, TP 35003 B 50 38 K F o sl e 7 b # 4
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Explanation of Plates

Plate |  Dual staining with Annexin V-PI

1. Tumor cells without any treatment, only little part of cell membrane with slight green staining.

2. Tumor cells O h after ultrasound treatment, individual cells was double stained.

3. Tumor cells O h after the treatment of ultrasound and protoporphyrin [X » some cells with bright green staining.

4, 6. Tumor cells 1 h and 3 h after ultrasound treatment> number of cell stained was increased, red fluorescence became brighter.

5, 7. Tumor cells 1 h and 3 h after the treatment of ultrasound and protoporphyrin [X » cells with green staining became more and stronger, some nuclei took on
light red> and some bubble-like protrusion appeared on cell membrane.

8. Tumor cells 5 h after ultrasound treatment, green in cell membrane became lighter and red in nuclei became more stronger.

9. Tumor cells 5 h after the treatment of ultrasound and protoporphyrin [X > cell staining became more and more, some nuclei took on brighter red fluorescence,
part of cells were deformed.

Plate [  Changes of apoptosis rate in four groups at different time after treatment by TUNEL reaction

1. Tumor cells without any treatment, apoptosis rate was very low.

2, 4, 6, 8. Tumor cells O h, 1h, 3 hand 5 h after ultrasound treatment, the cell apoptosis rate increased gradually.

3, 5, 7, 9. Tumor cells O h, 1 hs 3 hand 5 h after the treatment of ultrasound and protoporphyrin [X s the cell apoptosis rate was obviously increased, and
which was significantly higher than ultrasound alone treatment cells at the same time.

Plate [l Activities of Caspase-8 in different groups by immunofluorescence staining

1. Tumor cells without any treatment, weak expression of Caspase-8 protein.

2, 4. Tumor cells 0 h and 1 h after ultrasound treatment, the activity of Caspase-8 protein increased gradually.

3, 5. Tumor cells 0 h and 1 h after the treatment of ultrasound and protoporphyrin [X » the activity of Caspase-8 protein was significantly increased.

6> 8. Tumor cells 3 h and 5 h after ultrasound treatment, the activity of Caspase-8 protein was obviously decreased, which has no significant difference with
control groups cells at 5 h after treatment.

7> 9. Tumor cells 3 h and 5 h after the treatment of ultrasound and protoporphyrin [X» the activity of Caspase-8 protein was slightly decreaseds the means of
fluorescence intensity in which was remarkably higher than any other three groups cells.

Plate [V  Activities of Caspase-3 in different groups by immunofluorescence staining

—_

. Tumor cells without any treatment> weak expression of Caspase-3 protein.
2, 4, 6. Tumor cells 0 hs 1 h and 3 h after ultrasound treatment, the activity of Caspase-3 protein increased gradually.

(98]

» 5, 7. Tumor cells 0 h, 1 h and 3 h after the treatment of ultrasound and protoporphyrin [X » the activity of Caspase-3 protein was significantly increased .
. Tumor cells 5 h after ultrasound treatment, the activity of Caspase-3 protein was apparently decreased.

oo

9. Tumor cells 5 h after the treatment of ultrasound and protoporphyrin X » the activity of Caspase-3 protein was slightly decreased but it was also sustained at a
relative higher level, the means of fluorescence intensity in which was remarkably higher than ultrasound alone group cells.
Plate V  Expression of Cleaved PARP in different groups by immunocytochemistry staining
1. Tumor cells without any treatment, very weak expression of Cleaved PARP protein.

2, 4. Tumor cells O h and 1 h after ultrasound treatment> Cleaved PARP protein starts expressing gradually.

3, 5. Tumor cells 0 h and 1 h after the treatment of ultrasound and protoporphyrin [X » the expression of Cleaved PARP protein was significantly increased.

6, 8. Tumor cells 3 h and 5 h after ultrasound treatment, the expression of Cleaved PARP protein was decreased.

7> 9. Tumor cells 3 h and 5 h after the treatment of ultrasound and protoporphyrin X » the expression of Cleaved PARP protein was decreased at a relative small
range> the means of optical density of Cleaved PARP in which was significantly higher than ultrasound alone group cells.
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LIU Quan-Hong et al.: Apoptosis on S180 tumor cells induced by ultrasonically-activated

protoporphyrin [X Plate 1, 1l
It T  AV-PI RS {0 U %E Plate | Dual staining with Annexin V-PI
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Pl R Ut A L S (Explanation at the end of the text)
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LIU Quan-Hong et al.: Apoptosis on S180 tumor cells induced by ultrasonically-activated

protoporphyrin [X Plate [l IV
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Plate [ Activities of Caspase-8 in different groups by immunofluorescence staining
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Plate IV  Activities of Caspase-3 in different groups by immunofluorescence staining

50 pm 50 pym a0 pm

» =
50 pm 50 um _ a0 ym

50 pm 50 pm 3l pm

Pl P A LS fE (Explanation at the end of the text)




KA A SRR IX -7 3 ) 2297 0 S180 R 4 I Iy 1
LIU Quan-Hong et al.: Apoptosis on S180 tumor cells induced by ultrasonically-activated
protoporphyrin [X

BV AFAEFEZL Cleaved PARP Jv i1 (89 kD) (4 i 4l i A6 2 e (1
Plate V'  Expression of Cleaved PARP in different groups by immunocytochemistry staining
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