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Dose-effect of human pancreatic carcinoma cell apoptosis
induced by focused ultrasound with
different radiation patterns

GUO Qian, JIANG Li-xin, HU Bing"
(Department of Ulirasound in Medicine, the Sixth People’s Hospital A [ [iliated to Shanghai Jiao Tong

Uniwversity, Shanghai Institute of Ultrasound in Medicine, Shanghai 200233, China)

[Abstract] Objective To explore the optimal radiation pattern of focused ultrasound induced pancreatic carcionoma cell
apoptosis. Methods The human pancreatic carcinoma cell line PaTu 8988t suspension was radiated by focused ultrasound
using 5 dose groups with different radiation time parameters and patterns. Pulsed radiation pattern was used in groups 2
and 3, while continuous radiation pattern was used in group 4 and 5, group 1 was taken as the controls. The ratio of fo-
cused ultrasound induced cell apoptosis and cell death was tested with flow cytometer 24 h after ultrasound radiation. Re-
sults The maximum cell suspension temperature of 5 dose groups was 28.00°C, (42.204+2.17)°C, (50.80+0.84)C,
(55.80+2.17)°C and (65.20%3.11)°C, respectively (all P<{0.05). The cell apoptosis rate was (0. 56=+0.15) %, (1. 28
+0.16) %, (1.84+0.29) %, (5.74+1.15)% and (2.0040.84) %, respectively for 5 dose groups, and the cell death
rate was (3.28+0.59) %, (4 6040.47)%, (8.64+2.69)%, (41.124+15.91) % and (49.70+8.02) %, respectively
(all P<C0.05). Conclusion Using threshold thermal exposures of focused ultrasound radiation with continuous radiation
pattern is able to acquire high ratio of cell apoptosis.

[Key words] High-intensity focused ultrasound ablation; Apoptosis; Pancreatic neoplasms; Radiation pattern

AEEREXAREERIES ARREHR
BATHENXE

JOF,ELHY O OET
C 1785 52 30 A 24 B T 5 7S N R 5 e #7522 R
Vg EAEVE ST, LI 200233)

(# ZE] BM HUARRESENREESFERAPRENRE T NREREBRT R, A S ARBEAE R PaTu
8988t A M B AT R A 4R IR .28 1 41 b 28 (AN IR L L 56 2.3 4R I ik b AR 20 L 56 4.5 4R I S 4w IR 0, &% 41
5 HA ) b 3 o e AR A R DR B AR . DA S R SR 4R BRS 24 h MR AR UR TR A MIBE TSR, SR BN ERE
A 2H 1) 40 VR A v L A 1) R 28, 00°C L (42, 2042, 17)°C L (50. 80 0. 84)°C , (55.8042.17)°C . (65. 20+ 3. 11)°C , %%
4[] 22 A il 2 X (P ¥1<C0. 05) . 50 R4 A 41 BRI 1% 24 (0. 56 £0. 15) % . (1. 28 £0. 16) % . (1. 84 £0. 29) % .
(5.7441.15) % (2. 004-0. 84) % A MIFE T K (3. 2840. 59) %5 . (4. 6040. 47) %5 . (8. 64+2.69) %, (41.12+15.91) % .
(49.70+8.02) % . & 1] 2 FHH BT 278 L (P <C0. 05), Z598 TR 48 M 7 4 R 5] 2 7 $28 30 AR 1 38 38 I (L IF L 2R )
e 2 4 AT ST AR AR 55 1R 1 Al B T B R A IR T

[EHE R A5 Q981 . L REEY A e+, R m . m sk R A M. E-mail: gqyt@yahoo. com. cn
CEWFAESR] B, 1 38 KA 55 75 N R BE B i 75 R 2R L8 75 BE 24 0T 58 BT, 200233, E-mail: drhubing@163. com
(s HHI] 2010-09-14  [fEEBAH] 2010-11-15



. 480 - b [ 2 25 AR A R 2011 4F5E 27 #4545 3 ] Chin ] Med Imaging Technol, 2011, Vol 27, No 3

(RS ] v o 3 3R A 75 0 Al s 0 U8 T 5 SR IR Py 5 2 R A
[(MESZES] R735.9; R445.1 [x#fkRiRaE] A

[(XEHS]

1003-3289(2011)03-0479-04

VB —FioB 24 0 ) BRIE YT 7 vk, AR BR ]
R L S [ P SR BE DAL AN e i S g g T
200 L T e R T B S A K AR P i B R A A T
VI 2 A0 2297 35 B W 307 10 18 02 38 5 75 5 o 9 440 A A=
Mo A EAYY BBy, FE R AR S 0l R A o
i >R FH S St /0N (0 6 BRI 7 J8 T BB R 19 B TR] P o R
R R0 5 e 0 6 0 T L o R A DA AR I AR I R
SR W T — 2D WF 5 . A SCHE O LG IR A 5 R TR
A PR O o o PR X 5 3 8 i PRS0 D) SO [
FR ) 5 0200 00 T B A B B T ) L 3R LA R I
R %,

1 #MREFE

1.1 #5855 2 E Thermo Forma CO, 35344,
Beckman Coulter 2 7] 37 =40 i 4 #r4% . HY 2900 B &
o R AR A IG YT R G0 HY 2900 #3852 ) ) K )
TS 22 G i E T BT R G BR A Al it
HY2900 #4 v o & 5 A0 A 10T R G0k M Bk A R
fEpedy , TAEMIA 1.5 MHz,

F 2R 7 . RPMI-1640 ¥ 3% 55, BB, /D 28 103
(GIBCO), #H-4f % & W L
(Hyclone) , Annexin V-AF 488/
P BB i 40 i 98 1~ 6 I 38 50 £
(Invitrogen) ,

1.2 40 Mok A0 G g AR
JI% 98 40 i 2 PaTu 8988t i L i
M8 — N R BE E 2% MG %0 52 15t
L% (e EDN SR
fEor B A O O I RE A K
PaTu 8988t 4l Jiid 5 % T- RPMI-
1640 1537 56 (% 10 % /4R 13
100 U/ml HE % ,100 U/ml #%
BHE).ET 37°C.5%CO, ¥ %
IR

1.3 LRIk

1.3, 1 A A 4 B A iR
40 4 Rb 48 h 3k X A K
BF Ak I ) 200 M B, T 2
X10° A4 T 1.5 ml o 55 5%
B AE W, F BEOR EAE

IREE(C)

REE(C)

2 15 18 21 24

5
melelelelel

B 1 REEFAREITRORER Q. RERFHREER; 2.
BEAK;3:1.5 ml i 35 R L4 B 04, 2l PaTu 8988t
AN AW s 4 TR S 225 5. HY 2900 T B &4 6. 850 4
EVES R

SR TR B0 A [ IR S 22 45 S T R T R
ELBET 25 CBAK TR 1), RaEBEHEER, R
A BE X 20 B 2 A0 e R R U TR O L L BE
H T 520 mmAb . B I T 22 2 vy B T 2R A 08 75 £ AN
b I SRR AR R TR, DU IR R SR R R R 50 ~
100 Hz,

Ry E T8 5 4 mERES L E
W 1 Ho T, 327 58 B[R], T 28 7% 5 1R 8] B e

27 30 33 36 39 42 45 48 51 54
i il (s) (A

B2 REESFE 10 s, AR R IR E AL 5 3 4L kb fm R MR A iR B
MR L 48 IS B S Ton = 1000 ms, Tor =5000 ms, n=10; B. &5 4 4 % 2% 4 B R =0 A 4 R 3

2R &L 48 B8 S B B Ton =10 000 ms, n=1

FLAE o e AR 22, T



] BE2E AR B R 2011 4E56 27 #4258 3 W] Chin ] Med Imaging Technol, 2011, Vol 27,No 3 o 481 -

[ n 28 7% B i PR U B8 P3O 7 R A I kY AR
HeRE RS I IR, B 1 A NS AN R 5 2.3
ZH 359 R FH Bk oA BEARE 2R, T, 2 T =1 ¢ 5, a5 48 K
BRI IR] R G IR E) 55 3 A5l 2 U584 5 A
Y o0 S 4 FR A L 58 5 LA 4 4R R R AE KL 4R
HEFRI RS . 50 3.4 4 FRE B ) A ) (R 4 BEASE X
A, AR EAEE N 5 K.

F1 R IR S RO

20 5 Ton (ms) Torr (ms) n P(W)
1 0 0 0 0
552 4 200 1000 10 142.7
EORE:| 1000 5000 10 142.7
EOE| 10 000 — 1 142.7
555 4 15 000 — 1 142.7

TE « Ton « 8 BN 18 5 Tore - 450 S8 0] BRI [ 5 0. 50 5050 R U5 P2 P R T
T2 D45 B 5 BE A% 1 5 R

L3020 WX 40 M AR I 4% BRSO An R B R T
25 e M MIIG SN, BIRFE R 2 X 10° 400, & T
37°C 5% CO, B FRARSE 24 h )5 R B 97 0 T i
R AR A A0 4% K500 8 U6 P B 4R AE L A Annexin V-
AF 488/PT Xk ic 4t fd 94 1= W 3700 J5 , DA o =X 41
AHEAT 43 7 : Annexin V-AF 488 (—)/PI(—) K IF#
Y Ml ; Annexin V-AF 488 (+)/PI(—) & I 1= 40 M ;
Annexin V-AF 488(+)/PI(+) NIET- 40 M. 15 20
L0 T 288 K M A T R A AL O T 3 = O T 4 A
2 K0 < 100 %60, 20 L AE T 3% = (1 — 1E # 40 i %5/ 5 41
MI%D X 100%,

1.4 SEitspab B R SPSS 12. 0 Giit 4k 4F 20 b .
P L ot s 3R XF AN ] 57 S 41 a) ) UL BE 22U T DA
T 45 7]tk 2H B8] %) 40 R T 2R K A AE T BT O 24y
BT Bz 4 6] W 9 Lo 85, P<<0. 05 W Z RSB S5 X,

2 #R

2.1 REEDN R IRAE A R A A IR RO [R5
2 20 [A) P P LA 22 S B e 127 3 L (P #5<20. 05, 3%
2). 2.3 KK A5 AAEAH TR 4R BB S
A R ) A B R N TR TR R L SR 3.4 AR
FRESF ) A ] Jk o s R ASE o2 80090 4 L 8 W PR R T A
S MR A AG . R FH ok e e RS SIS L 4 R R
T RE 2 Sk o = BT SR % 2 e R X, 20 g
BN EMELZZEZRL FAE 2,

2.2 AMPRT ORI T RN E ARREBS
A ) e 00 9 T R R A L BE TR B AR L R

3o LI BEs  7s 45 4 IR R k20 22 [) 49 240 i
P TR S 20 M A T R 22 5 B A Gt A (P 4 <
0.05) o K JH Bk vh e IR L 55 3 ZH AR 2 21 4 IR
() SiE K 5 R R A 9 A A i o T R L A K T R
o 2R R P IR BE <T60°C I, AH () 75 B 4 Y R AR
HEE 290 A0 T R B 00 M A T B 3R A TR ) o i 4
Jne 2R T SR IR SO, 55 5 A 4 4 4R R
() S0E K E pR T 3 T o ey o 20 B 5 S e A A T
£ L A8 0 g 0 T O T SRR AR (8T 3D

2 AIELAR IR AR AN IR T CO)

20 51 Thax A\ Trnax AT
F14 28.00 0 0
24 42.20+2.17 14.8041. 79 3. 60+0. 54
o534 50. 80=+0. 84 23.60+1. 14 9. 80+0. 84
HAH 55.80+2.17 28.80+2.17 15. 4044. 98
554 65.2043. 11 37.8042.77 17. 4043. 36

TE + T < 875 40 SIS 8 A0 38 B0 P 0 00 300 2 5 A T« B8 R AR B9 B 15
TR TE 5 AT <6 75 5 A5 SR 0075 14 40 i 2 R A 24 1l 7

3 A [E) o TR A O TR S A AR TR (D)

26 5 i TR Y MIBE TR
ER| 0.56+0.15 3.2820. 59
o 1. 28=+0. 16 4.6040. 47
3 1.84+0.29 8.64+2.69
a4 5.74+1.15 41.12+15.91
Eod 2.00+0. 84 49.70+£8. 02
7
60 - |mAfRETE

BRI &

FEE (%)
s ¢

I

.
=% -
b

.

SRS

s

10 f /

Fa i ?'E .il"'l:
H14 o o G4 it

w5 ©

B 3 AN [ 2R AR R 75 MR o 2 0 i O T R R A L SE T R

3 g

R T 1 508 A 8 7 i A A X s R ) o X 40 7 A
AT AP 2EOw ™ . Tian %5 R 1 MHz ASJA] 3
JE 3 AR M P 2k R IR s RV P Y bR 41 i
10 min . % B8 40 0 08 T K IR SE Bt A 7 4 R 5 B Y
BEANTWIRE AN, Ashush 2850 %F 542 7% 5 11 1005 240
M T AT T RS R AR R 750 kHz ik 2 2R £5



o 482 i E BE 2R R B R 2011 4E5E 27 #2585 3 ] Chin ] Med Imaging Technol,2011, Vol 27,No 3

R KRGS 50 ps, HEAS O 18 25, & B
103. 7 W/cm® 5 FRZH 40 i 0 T2 75 3 22,4 W/em”
IR B . T REAR AT I 2R A — i B X
38 7 e R R 40 DA S B S BOR ) AN fE B 4
Xof AN ) A RSSO 1 8 1Y) R i AT L AR R TG
92 34 VR o e R ASE AT LR A R S AN T

AT LAAAR A2 B S 308 A, 5% AN [] 4 R ASE =X R
A R ) o, 4 A R U T 1) AN ) B G e 2 R B0 24
0N & 1 TR A O R N R 2 € = |
ik e i RS B, SRR 7 1 BB AN ) 7 R B R AR L T
240 B AR 1 R S RS R R e A TR A e
SR FH K b s BRSBTS R ) A i
B Gy Bk A8 i A I B AR 7S R B R ] T e R
BRI TG T R A 500 200 LA 405 A FE R T L
A PR AR v 2 R P TR T R R L I AR
FHEAK 1 A0 A 8 T 3 B AN L AE TR B L 1T R
i 25 MR, R 22 1Y) 75 IR R B AR T A 2R
200 5 R PN iR TP B AR T R B ROR R R
P B B e e, 35 5 A0 B 00 1 10 8RR A . 6 AN TR
(1% 8 7 A A X, 7 0 PR o () ) B 32 52 4 R A X
T T P AR A R Y A A U T 2R DL R TR
JIfr 958 440 A A A3 AR B G

TE SR FE R P R R R o, FAORO  B A SUIR BE
SUR T R 2 A 2 [ P IR T T 24 4 238 T T
RO B2 B AR B DU 2 7 A A B 0 T . Viykhodt-
seva S8 FH R AR R 7 AR REHT U 2% R R 4141
Y 2T B 4 30 AR [ M IR B A ), & B R R
HE 73| 7S 5 s 21 28 4 i P9 7 DNA B R, I 08 8 1
MA 1999 4F, Heisterkamp 5§ [ iff 58 i 75 50 ~60°C
T BE W AR S R A] (<C3 min) PSR ECAI AL TS, Ol 2 2R
T F A UR B B . Hilger 2507 3% FH 40 M 2 0 10F 47 3R
PR o , & B 20 L 3k B A mlay I BE (55~
60°C , Kennedy %1 IA S w5 o B 5 A= 4 75 46 IR R
FEIRE 56°C HFLk 1 s R EAL MO IG RS, A
AFF 56T AN [ ek T ) 2R 8 7 7] ek 2 5 B8040 e 0 1 B
M E T FL IR T AT 5T, B B 2 AR R = Y
T s 40 BV N B e iR R A B 60°C DL b, 4 ML AT T
gy A e 20 DR R 32 I A i A e T R
fiK. FemiEBETE 60°C LAT M 3 41AS [ 4@ FE 41 v, 40 il
PRT- 23R DL R A0 A6 T 3 B 9 B A9 T s T 3 s R A
54 MU T R H A S0 ANt T, AE AR R

Jr i JBE 4 T R [ 3L L PR T A T8 B A ) 4
FETZARAY NG OL T fg KPR 5 3 2 R T

ASAIF 50 308 o A 7 i AR LA B AN [ ) e IR ST [ ok
TE LA Tw) o 7P 4 MR 0) 2, 45 2R 3R WY 7 s TR ) f
240 o VRl RE e AT OB [T L R AT, T L A
o ) A AL T AR A B0 T i e P A A A
e A [a] e IR 322 ], 32 2 e R 5 BE 08 1 o L Y I
A1) P S A o ) 200 O T R

H T AR5 28 7 R S0 20 i 2 9 647, 200 i B T
HA—ER s, B2 RR LS HARHALUNFE AR
87 58 J2 A P AE 15 PR 4 2 v i IR B2 7% 5 e R 2 L 08
T i Rt — 2RI .

[ 5% 3Tk ]

[1] Feril LB Jr, Kondo T, Zhao QL, et al. Enhancement of ultra-
sound-induced apoptosis and cell lysis by echo-contrast agents.
Ultrasound Med Biol, 2003,29(2):331-337.

[2] Lagneaux L, De Meulenaer EC, Delforge A, et al. Ultrasonic
low-energy treatment: a novel approach to induce apoptosis in hu-
man leukemic cells. Exp Hematol, 2002,30(11):1293-1301.

[3] Shou W, Huang X, Duan S, et al. Acoustic power measurement
of high intensity focused ultrasound in medicine based on radiation
force. Ultrasonics, 2006, 44 (Suppl 1) :el7-e20.

(4]  EREL XIS R, B, 5 RSS2 W08 P % /0 B Z2 R iR 41
LN M D T RE e B X LEATE 5. o [ R A2 AR AR, 2003, 19(10) ¢
1270-1271.

[5] Tian ZM, Wan MX, Lu MZ, et al. The alteration of protein pro-
file of Walker 256 carinosarcoma cells during the apoptotic process
induced by ultrasound. Ultrasound Med Biol, 2005, 31(1):121-
128.

[6] Ashush H, Rozenszajn LA, Blass M, et al. Apoptosis induction
of human myeloid leukemic cells by ultrasound exposure. Cancer
Res, 2000,60(4):1014-1020.

[7] Duck F. Acoustic dose and acoustic dose rate. Ultrasound Med
Biol, 2009,35(10):1679-1685.

[8] Vykhodtseva N, McDannold N, Martin H, et al. Apoptosis in
ultrasound-produced threshold lesions in the rabbit brain. Ultra-
sound Med Biol, 2001,27(1):111-117.

[9] Hilger I, Rapp A, Greulich KO, et al. Assessment of DNA dam-
age in target tumor cells after thermoablation in mice. Radiology,
2005,237(2) :500-506.

[10] Kennedy JE, Ter Haar GR, Cranston D. High intensity focused

ultrasound: surgery of the future? Br J Radiol, 2003, 76(909):
590-599.



