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Inhibitory effect of ultrasound microbubbles carrying HSV,-TK gene combined with
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[ Abstract | Objective To determine the effect of transfection of ultrasonic microbubble with herpes
simplex virus thymidine kinase ( HSV,-TK) gene on prostate cancer cell line PC-3 combined with ganciclovir
(GCV). Methods MTT assay was used to test the optimal irradiation time of PC-3 cells by ultrasonic irradia-
tion. Ultrasound microbubble surface was adsorbed with HSV ,-TK gene, and then transfected into PC-3 cells
under optimal ultrasound irradiation. Fluorescence microscopy and Western blot analysis were used to detect the
transfection and expression of TK. The cell proliferation was measured by MTT assay after the treatment of
different concentrations of GCV. Flow cytometry (FCM) was used to measure the cell cycle of the transfected
PC-3 cells after the treatment of the optimal concentration of GCV. The killing effect of HSV,-TK/GCV suicide
gene system on prostate cancer cell PC-3 was observed by MTT assay. Results MTT assay showed that ultra-
sonic radiation had no significant inhibition on cell viability under the conditions of the magnitude of 1.0 W/em®,
frequency of 1 MHz, and every 30 s ultrasound exposure time. HSV,-TK was transfected into PC-3 cells by
ultrasound wave irradiation and expressed stably. Compared with the control, the killing activity of ultrasound
radiation + microbubble + TK treatment with the GCV concentration of 100 wg/ml was obviously higher, with
cell survival rate of about 32% , significantly lower than the other group (P <0.05). FCM showed that most
cells were blocked in S phase, and cell growth was obviously inhibited. Conclusion Transfection of suicide
gene by ultrasound microbubble and the application of GCV has an obvious effect on the apoptosis of human
prostate cancer cells.
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VY 5 B 22, 15 iR 95 ( Prostate cancer, PCa) & 55
A 5 5 v K S R B PCa % SR
Tt , PCa BIRYT A MR DFFE G T A f i 2 —, B I
ORI T OF ST I B R A BT L, R a4 i
PR a2 7 1 20 1 08/ S 5 98 5 (herpes
simplex virus typel—thymidine kinase/ganciclovir, HSV,-
TK/GCV) REGEnth 1 R4 #9 I i st , (H AR Fif 5
Ji g v ) R TG B B o i A 22 M M AR
BB BRSO S5 )RR ) 1 e B PR 7 s g — 20
K. d B — BB A9 AR DREE 1) B g 4
AR ] 75 8 5 R R MM A, A
figppe b3 Ta) L, A 52 36 ) T 7 v A0 2 HSV-TK
F AR 3 O R 81) BER A0 A PC-3 HEA T RS i e, b
— BB IR A ATZY GOV XA A AR AR, 1B AL BT
G g A L DRR Y 7 S 11 R A S B 6

1 MRS

1.1 #M#t5 KA

R B BRR PC-3 4 bk t AR = 0RA7 B ORI 7
TR PR R R 2= B I 88 — < B b 5 F 92 o EE I, 394 5 R 2 4, 5K
SEAES AR 1 YN 8 A% I 3% 5k ok 2k
pIRS2-EGFP-TK >y 0 K B K 2 Jo] {0 1o+ g 22 9 g
TP B R R B Al G B Omega /A F] , 22 5 M 24 R W
[ 35 [ Sigma A, 25 HEH & (GCV) g [ 1L R 25 25 A
B/, RPMI1640 I [ 3% [ Gibeo 23], i34 L3 1 E AT Y
ZE Al TKL BSE BEPU AR B 9% [E Abcam 23 A, BiAR i 41k
Y (HRP) FRIC 1056 2 $i1AR I H 55 [ GenSeript 24 7], N2
WL3h&E | H 3£ B GenScript 4o
1.2 Fk
1.2.1 PC-3 #iffany 37 R RPMI1640 12 3% (4 10%
GG I3 K 100 x 10° /L HEFE 100 x 10°/L) % HLFE
37 C,5% 1y CO, MEFE h B5 57,48 h B BE R W, AR K =
70% ~80% W &4t
1.2.2 MTT i 33 75 20 M 75 4 BB GE I 1] 9% 9% PC3
YA K & 70% ~ 80% B, 0 25 1% = k, F PBS W Uk
0. 125% J 5 11 BEAE 37 °C 14 1k 28 40 o 4 4 720 18, {00 25 T 1t , o
AT FRIEE S, AR 5 x 10°/ml, R H 7 5
TR (BN 38 1.0 W/em®  $512% 0 1 MHz, 48 R[] 43510 0 0
30,6090 180 ) 4ifif5 , L 200 wl/fL3EF0F 96 FLBL T, 41 6
AL, BT 37 °C,5% 10 COMAE T G523 %, A 5 mg/ml [y
MTT 20 p,l,é%éii%?% 4 h 5 F 5 FE R im A DMSO 200 ul, ¥z
¥ 10 min, F [ g EFHR Y 570 nm 5 1 40 W0 5E & FL 1 R G (E
[D(570) ], 45 2 R A M AE TG %

AIBAEIG 3R = [ S25041 D(570) /% HR4L D(570) ] x 100%
1.2.3  EE 45k DNA 25K S0 3 52 350 16 ) & #HA
pIRES2-EGFP-TK Fuhi i KA HF A 7E LB {2 Bl g %) , #%
B G Ul BH B ER BRUBORE s 28 R A1 e G B T A I A 4% [ 2
JiE D(260)/D(280) g 1.85, R A B 1 e/l ] 3 B0 i 55741

R TR AT 2% E i PR IS B DR 2 B 28 — R Bt i 75 B 5 i
B, A3 ml PBS S b, F 3R 4% BV A) 7 AR fsife, DFY 75
FE ST HTIZ TSRS IR0 P Y iA%< (1,68 +£0.32) pm, S MK
B 1.5 x10"4~/ml,
1.2.4 M0 E Y il A B G Y, T B LI R LA
0.2 pg/pl 4% 1: 4R L 50 RsE ARG, 8 F 4 CokdEh
FE 30 min, A RS A S TE A4 M hUAE RN
1640 Rigpkrp, SLBR 404 - 0 RRAL  PRA ok TK 41 740 IR +
JRL TK 2 PR + 10t + TR TK H(n =3) . A H
14D 5 DR 1 ot s 7 e e, I ) 35 TR R o 1) BRI tE A
2T, 8 P 2 R T Y S 3 0 3 S AR AR 1 Bl BB B Y SR
WEE 4 ~6 h THIRSE TR M LIEFE 48 h J5EvOLRMEE T
WAL A IO [ (GFP) FRIBAF AL, MTT A I 75 BE 5
TG G F5 o 2 T M 1 R
1.2.5 Western blot ¥ g £ i ( thymidine kinase, TK) & [
MIFRIRNGOL RS 72 h SRR B - 20 TR
L E 4T Western blot 6, 28 /1, 3k (60 V, 30 min, 100 V,
90 min) LIPS LIRS, AL TKI B30 (1:500) , = i
WEE 2 h,4 Cid, Tris 2P R MMEIE 3 1K, 15 min/ I, fIMA
HRP FRIEH) —H0(1:5 000) , = FRIEITE 2 h; FRA TR B
S RS, R UVP B B AL 3 R 55 Labworks4. 6
AT B4 5 NES R B-NLsh & AW K LU .
1.2.6  GCV LbF 5 21 f J 391738 £ B % b e 2 e84 58 17%) 52 1
1.2.6.1 GCV %t PC-3 41l ity 21 1 120 M AL 1 x
10* 420 T 96 FLHR, K7 9% 24 h J5 43 B A 289 B 4 10 000
1 000,100,101 pg/ml F1 0 ¥ GCV,HHi% 6 Hfl. 45T
24 48 h BHEHH 1 Hedli, SFL A MTT 20 pl(5 mg/ml) ,4 h
J& 3 L3I A DMSO 200 pl, #%3% 10 min, T 5 2 #7570 nm
PAAL I 2 &AL IOGE [ D(570) ], & M HI%,

P2 = (1 - 15 2) x100%
1.2.6.2 HSV,-TK/GCV A AFEHE R GXTHIF I PC-3 2 i
RIAIE S PC-3 UL LR | d AL AR, PR 4n gk
5% 10°/ml, % Y J7 3 [ A, % e J5 4 4140 I 349 i A v B Sy
100 weg/ml GCV [ 1640 15 32 ik L0 & 48 h, PBS ik 4 fifd 2
,0. 25% I I AL 41 L, A 2L 4Nk 5 x 107, PBS 3 2
LB 2B RIS T, 0T 70% B 2 2 IS, WS A i
ASL 53 B 240 M e A 2B A
1.2.6.3 HSV,-TK/GCV [ 3% H &G0 w41 s PC-3 410
ENIE QAR =3 FelR1.2.6.2 Jrik, PRI 1 X
10*/ml, i A 96 FLARH, B 41 6 2 fL, 5 e S5 I A KM FE N
100 pg/ml GCV [ 1640 5532k 20 3,48 h J5 MTT 3 JLmg
JGME, EALAGR = [XHRA D(570) - L84 D(570) J/%F R
20D (570) x 100% , >R H{H .
1.3 %itsa®

BARLL x =5 F278 R SPSS 17. 0 Geit #4047 ¢ f it

2 HR

2.1 xAR%s BRI AT
TS LR Y AAE R 388 1.0 W/ em? B34 | MHz S i
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6] 30 s I 240 L PR A7 305 5 i e (93. 83% ) , IN LI 2 Bk i A
R RIE S AR IR A TG R R 1

®1 TRKEREXESIRESR PC-3 MFEEEXM(n=6)

IR (s) D(570) (% ) FHGEE (%)
0 0.583 £0.058 100
30 0.547 £0.047 93.83
60 0.502 £0.045 86. 10
90 0.288 +0.060 49.40
180 0.273 £0.055 46.83

2.2 ¥BEAZERILEGHRLFNL
0 L A R A PR AR SR T O B LA, nT
DLX B TC 9Ot R IK T S B2 A W R PO RB (1) .

A STRRZA;B. A F AR IR + 08 + 4 TK 48
1 BEBEREEERRA TK FEi5IREHAR PC3 15X
FikfER (KRB MEL x100)

2.3 BB IBREAMILIEF I AT 0 E AR

FRATERT RN 1.0 W/em® A5 1 MHz, 58 S ] 30 s
ST LA 48 T Ji5 T MTT 30 i 45 20 4t M ) A2 05 23250
XTHEZH 100% (B4l ok TK 20 (99.23 £0.16) % 7 E IR +
Joki TK 25 (93.01 +0.08) % 8 75 i If + {0t + Bk TK 24
(91.78 £0.15) % . SXIIBAM 22 R TG4 E L. vhTE
A TE R 7R 5 T I A 0 e 2 790 %o 00 R 17 A= 4 TG B S 7 1
il o
2.4 Western blot 4] TK & & 89 & i&

YL 72 h JF, 44 TK 2 H AR G AE 23 0 oA -k IR 4H
(0.081 +0.002) . Baafi fFiki TK 2H (0. 183 +0.005) A HEIE +
Joi TK 41 (0. 435 £0.011) A 56 R + B0 + Bk TK 44
(0.882 +0.009) , HA IR + R0 + Foks TK 4 TK 2
HFAE & T HAMSA, 2R BEG5%H¥E XL (P <0.05,
Kl2),

1 2 3 4
TK(25x10°)— St S —
Bactin(42x10°)— sem—————
13 RBLR ;2 B sb ik TK 415348 5 45 B8 + ks TK 413442 /5 45
BB+ R + ik TK 4
E 2 Western blot 1l &4 TK EEFRILKTE

2.5 GCV stm gl A1 A4E A

INACKR R EE I RTZ GOV S5 AMMEILFRREFR 48 h J5, Mk
910 0001 000 wg/ml B Xf 200 fd A B 8 (99 21 , 20 A7 0 oy
(19.22 £2.85) % .(78.03 £0.23) % , 4k iF <100 pg/ml Hf,
XTHTA i a8 240 M B A= R 00 TG B I B e, HGAE IS AR IR
1 peg/ml(96.90 +0.41) % .10 pg/ml (93.91 £0.55) % .

100 wg/ml(91.15 £1.12) % ., Z48iit2AbF0, GCV ¥ A 435
710 0001 000 g/ ml i 24 ffd 47 7% 2 B A F oAt 3 41 (P <
0.05) ; HAth 3 M2 TG T2 L (P>0.05) , BHILLLF
SEH ] 100 pg/ml R
2.6 A @K HSV,-TK/GCV | XA H &%

% 4w fiel JB) 2R % vy

RTZ g PC-3 A% Yo ki, 5 GCV 100 we/ml L 4%

B 48 h )5, i G 4SOk I 20 Ji JR B3 A% 4k . HSV,-TK/GCV .
PC-3 BHF7E S W, B A Fa IR + 306l + Ok TK 41 S M 40 L 4]
BOHAR 3 Al s LR A 22 R B B A Gt (P <0.05,
#2),

%2 HSVI-TK/GCV B3EERZ%x PC-3 i E L

#la[n=3,(xxs5)% ]

ﬁifl” C1 S Gz
pogiE| 49.57 £0.48  43.26+0.15  7.17 0. 14
Al R TK 21 35.38£0.29  58.61 +0.37* 6.02=0.29

AR AR IR + R TK 21 27.18 £0.36
B R IR + 00 + kL TK 41 13.74 £0.38
a:P<0.05, 5 s B 4a k4 ;b P <0.05, 5 % 4 i 4 TK A b4k,

c:P<0.05, 54 /5 43 88 + ik TK 4 pb 4%
2.7 HSV-TK/GCV B F KW % %247 7 B % PC-3
2 i, 84 A A AR

5T F MITT 00 45 2 A48 i P 705 258 S8 75 4 R+ 3t +
Jorhr TK 20 rpds 40 M ) 47 05 2840 (32,35 0. 14) % IR T H
AR, N HRZH (92.03 £0.08) % B4l ik TK 41 (74. 83 =
0.09) % HFEE IR + Fiki TK 4 (53.64 £0.02) %, &AM
WA S8 L (P <0.05)

3 i

T 5] M s 2 W 5 ] 58 8 P 242 3 e v 4 S
At BET AR T . S5 S8 2005 4EHTH
1] 232 090 5], FET= 30 350 {5, k[ R Ie HA5AIK , Lk
T TUAF B R S5 A T 2 A 32 04 S 7 R
BRI B4R 5, B 50 o 19 R R 5 Tt
H AT B e 0 A6 T i AN FRARL, HEVROR RIZF YTk
WACH G BT P4 7E 18 ~24 A A %A AR 1
VARG i Ak, DRI AE VAT R 9 i 1 ATh R
WA — 55 BE SrF A  n ki | e 5
PIGYT H 2532 BT 0L, A 90 i o s 4k . H iR A
TSRS R T B ALSE A A LR 0 R 7k
LA A A R R R A R e TR DG R R 4 b B R
FEDRRI S 5 5, el i 1 R T e o/
S FF S R 0 A5 o JHL IR 0 g 40
S NJEDRL 38 3 5 3k A D 1) T S, A R O B
FE2hW GCV Bk , A0 AL DNA (14 5%, AT AR K
WL YL i3 40 g . Nasu 2557 FI4# 47 HSV-TK £ [
P AL FER YT R R R H R BRI 8 3, B M.
T HTS IR SRR K F T [, CD8 T kB 40 ffd 5 A

63.34 +0.45%>  9.48 +0.31
84.92 £0.122b¢ 1.34 +£0.19
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JEE YN HTE-DR 4 He 34 hn, B JC R 8 PR R
FH o SR G035 551 B g 76 9 1) e 3 RV P AT AR A —
FE ) JR PR, - R AR S R e e (IR Ay 22,
HHBEER RS R, R R F ARG, 754K
N, AR BB AR G40 i 4 g, 5% B 3 ot S5 AR PR
AR, MR R . IR R G B
JI B8 FAT 285 I P AR P B A R 485 A R PR 1) R o
T, A 5 PR A7 R R A — Rl 78 ) A ) 3 R R T B
AR R Ry« P I P A R R T i
SN IG , H= A 1 23 A FHLARRIN, A o 200 o 5 ) 30 255
PER N, 3 B o] LA I 2 A o A B 4L A N
AT 3 58] e ik R A B 1) M RSO 1 H o

[ SMF 5T 2 B, R R A O 2 2 R U Tl DA
DNA (%)% e 38 L Bl 75 2 /55 300 £, - ELX 41 i
AL E , M AF IS ik 90% L E0 2 R, i
R —FP AT 28 4, I HAS 25| /i G5 IO i 21k
Wi 45 IR e B0 e A 35S PR P S8, R
WA R R RE i 1 0 EGFP OB 20 i B % e i 3%
BEAERIFSE - S B A P (oo e 52 79 RE 06 1T S 384 1 5%
JE R TR ARSI L 4 ) S AN 3Rk, e 5 8 103 i 9
WIVERT o ASHIFGE A FH R 7 R St () i 1, 70 5% U 4 i
72 h 5 R R+ B+ TOR TK 4 TK 85 3R
5o B A AL, AR SO B T LS B K A
M9EIEFIR o UEBHIZI R AR SRS SR = H AR Y
B SERFUL I SCHRRGE o RIS SE s & B, I
7 6 PRI A 7 3 5 700 % e HSV, -TK 36 [ I R %) 44
JHL ) A R 7 A B S A 0 A, 3 A2 3 B 9 45 08
Ffblo ARSERAMER T AN [FHR BE AT 2 GCV X HT81 A
Jee A L 1 23 B 52 ), Sk B AR #) 1.000,10 000 g/ ml
B, T DB A M 22 | A A 45 7™ B 5 o AN [ R
AIZET:, WM 1.10,100 peg/ml i, 4001 2500 B
AL AFTE R KT 91% IR AT T 100 wg/ml 1
RSB 25 B SL G 45 S IESE 24 HE A N
7 BRSO o 5 R e Y AN AT 25 GOV I 301 T 45 e
Ji , IR 20 A R s b 2 A5, I B A S B,
Y M TC T e A TR R B, TR A M A7 A TG Rk
32% , SXT A AH LA PH B 25 55 HERTREAAILAR 24
TK Fk M 8 J5 nl JC T2y GOV B R1L, B A
YUY DNA A BL4E I 90 il DNA R4 il , {8 41 g
DNA &t , S8 st

25 L TIA R R P o 1 5 00 b 2R AR BE A5 R 5
G Y H WL, B Y A R R o s A
HIZ5 GCV J5 IR W] i & 44 © A B 1 5 s M 5%

LS80, 2 e 0 A o6 20 B P 2R R B . R 2k
4% HSV,-TK [ S 2 R A5 (00 i 2 790 k5 i 24
GCV 677 BB A i) R N S 36 B 1 A

S Xk
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