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IR, WAL, F4l5 H. W4T CD 5 TK AR A RTZY (5— BURMERE 5 585 ) ;
BORLZH VST BORL (& CD/TK JE[H ) 5125 WA R A RS BoR ST, JF 7R A 4R B R 4R B
T2 3 SRR ) R P R R RN BRSO IR S ) S T2, O T R e R ST ] 9 SR B e AR A D
WEFREEHE 5 d, RIBRME, TR AL IR R FE B SO B LA B BB DR N L, TR
FEDUE Y% RT-PCR LRI H A9 BE R 3R35 5 Sy 4l Ak i H B0 i S A5 %5 B2 (MVD) &
SR SRR, BURA MR A KRG 22 R (P>0.05) T 7S R R AL S8 S R RO
2 b3 A R W A (3% P<0.05 ), BORZZL . B R B A L RS A TR O 2 1 R R A0 Ry 3.72%
21.40% . 47.13%. JURLAL . 7S G RRAL . P R IR GO 2 R TR e s8R 4 il 0.78% . 2.81% .
23.87%, Ja & HY ORI S S TRIPIAL (39 P<0.05) o A 5 A 41 508 75 4R I8 fot 2 i 5 21 40
YI Bt CD/TK HE P BAME Fr Be, okt B 20 55 B0k 28 A9 i gg 20 20 R UL, 8 7 R IR 2 55 % R IR v A
Jide 97 ZH 20 MVD THEC B AR T X B4, BB R R RO 4% T RS 5 R4 (3 P<0.05) , Fihidl
nWDﬁﬁEﬁ%ﬁﬁﬁﬁiﬁﬁ(hom)

s B R A PR A S 0 XU A R R R G B A AR e B DR e R AR AR DT 1 5 X e g A K
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Anti-tumor effect of suicide gene transfection mediated by microbubble-
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Objective: To investigate the anti-tumor effect of the transfection of plasmid containing CD/TK double suicide
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genes mediated by microbubble-enhanced ultrasound exposure on breast cancer in vivo.
Methods: After the xenograft tumor model was created in nude mice using human breast cancer MCF-7 cells, the
tumor-bearing mice were randomly divided into control group, plasmid group, ultrasonic irradiation group and
ultrasonic irradiation plus microbubble agent group, with 5 mice in each group. Mice in control group were only
given the corresponding CD and TK prodrugs (5-fluorocytosine and ganciclovir), mice in plasmid group were
injected with the plasmids (containing CD/TK gene) and prodrugs, mice in ultrasonic irradiation group were
injected with plasmids and prodrugs combined with ultrasonic irradiation, and those in ultrasonic irradiation
plus microbubble agent group were injected with targeted ultrasonic contrast agent (mixture of plasmids and
microbubble agent) combined with ultrasonic irradiation. The growth of the tumors was recorded during the
experiment. After the tumors were enucleated at post-treatment day S, the tumor inhibition rate in each group was
calculated, the transfection of the target genes in the tumors was observed by an inverted fluorescence microscope, and
the transfection efficiency was also analyzed; the expression of the target genes was determined by RT-PCR method;
the microvessel density (MVD) of the tumors was detected by immunohistochemical staining.
Results: Compared with control group, the tumor growth in plasmid group showed no obvious difference
(P>0.05), while in both ultrasonic irradiation group and ultrasonic irradiation with microbubble agent group it
was significantly inhibited (both P<0.05), and tumor inhibition rate in plasmid group, ultrasonic irradiation group
and ultrasonic irradiation plus microbubble agent group was 3.72%, 21.40% and 47.13%, respectively. The gene
transfection efficiency in plasmid group, ultrasonic irradiation group and ultrasonic irradiation plus microbubble
agent group was 0.78%, 2.81% and 23.87%,respectively, which in the latter group was significantly higher than that
in the former two groups (both P<0.05). The positive DNA fragment of CD/TK gene was present in the tumors
from the ultrasonic irradiation group or ultrasonic irradiation plus microbubble agent group, but was absent in
those from control group and plasmid group. The MVD count in tumors from both ultrasonic irradiation group
and ultrasonic irradiation plus microbubble agent group was significantly lower than that in control group (both
P<0.0S), which in ultrasonic irradiation with microbubble agent group was even lower than that in ultrasonic
irradiation group (both P<0.0S), but showed no statistical difference between plasmid group and control group
(P>0.05).
Conclusion: The double suicide gene system mediated by microbubble-enhanced ultrasonic irradiation can
effectively increase the transfection efficiency and expression of the target gene, and thereby exert an enhanced
inhibitory effect on tumor growth and angiogenesis.

[Chinese Journal of General Surgery, 2014, 23(11):1487-1493]
Breast Neoplasms; Gene Therapy; Disease Models, Animal; Mice, Nude
CLC number: R737.9
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1.1 #H

JiRL. H 4 FOKL pEGFP-KDRp-CD/TK H A
R TR s ANk . AN FLAR I MCF-7 40 i
A G T T I RS s SEER S BALB/C LA RAR
B, 20 H, MM, 4 S, AR 18~22 ¢, 19 H
RGE Y IR H 05 TRIzol Reagent I &, EH
Gibeco 22 #); BIFHAY SABC g fbik ) &, 2N
M EAEY THRARAR; RPN CD34 Z 5k
ok, RWHEEEAEY TRARAA.
1.2 KWHE
1.2.1 T4 M4 pEGFP-KDRp-CD/TK # X 42
BO¥-70 CRAF RIS ELA TR A DHS « W& 7,
P Z 5, % AxyPrep JBURL K 53257 & Y d W] £2
TRUER 21 R 5 RN JBORE T B OLZE K ddHLO T i
Je, HERANY IR T E DNA W E R4 E ., &
JEFESS, SPRWEEN 1 pg/ul, -20 CLRAFFH .
1.2.2 MCF-7 @ity 34 W HAA TRAFE W
MCF-7 240 M 28 52 95 5 A% 40 3~4 Ik, SR 5 WO 4 X 4%
AR IE MCF-7 4815 1 000 r/min 5 min .05,
F+ DWW, DL Hanks WPV 2 K, FEC IS DMEM
A, FAWHREST. BUUER 0.2 mL, &40
B 0.5~1x 107, 4324 H.
1.2.3 BABHBERER G E S BT REEK
WIHY 0.5~1 x 107 4> MCF-7 40 i A2 0.1 mL,
1 mL &G a 0 TR A ML T, B
Bt 2l 4 S 36 vh O TR RE IR R T (SPY ) G B il 57
Pr SR, B A0 SR A R A I L
1.2.4 RBHRAG;AF R 20 H iR BUR
P RS AEIE RNHEY, 05 5, BSR4 A,
A ER ) 4 B RPN 1 234501 4 41,
B 5 H, 4r5h: (D) XTRRAL; (2) #RFTRIAL; (3) #
FRARIRAL; (4) MR R IR AL
1.25 RELmarsbmiieE  SonoVue NG
WEMNHEALGL (SF6) , 4%l H ULEH A A= 3k K
5 mL IR TH, R IR AT UM IR B, Wil
AR 2.5 mm, pH6.0~6.5, 5% EN 287 mol/L,
B 60 pL i 2 T 1.5 mL EP 4 N, FE A
60 pL EA kL, BRI FERMEE 30 min 5,
BEAN 1 mL & FHVE S & N o
1.2.6 Bmshipeg s X RANE T 5- T
hE (5-FC) H5HEEHESH (GCV) (5-FC 5 GCV 43
B2 CD 5 TK AR Y ETZY ) 5 JoRL 2H 7 5 BR BTk
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5argh (B al ok 3L R B Bl ) MR
A F SR S5a2), JF TS mE (54
Pod, Bl im e TREERNERN) ; B
RGBS E N S, T
PRI (A S O AR T Y L
ek )

XPHEZH . FTRLAl . R AR RRAE . M S R IR
T4 53 00 T S AR AT AR Y 22 S T A PBS L TR
JkL S HOMIR A, TESHARRCR 60 pL; J5 M4l B
BT AR (1 MHz, 2 W/em®, 5 min) . 41
e LR EE 24 h )5, BEIE ST 5-FC [500 mg/(kg-d )]
5 GCV [50mg/ (kg-d) ], %L 10d,

WEREE RS 5 d 51 HE A EHRE L, R B e,
HLF RPFRE, J1 R PR YT B, SR T 4%
Z R WP EE, W HEBCT -80 CYkAH
HArE
1.2.7 @A RBELAEEGTE ABEKN
TR 2 HOR AR 3 K43 51 LA bR R RO 5 i 7 A
KEyKEMEZEEMNERE (mm) , 253H a flb
Fono MREAB (mm®) =ab®/2, J18 R AR
RITE ARG 5 d ARFEARRL, W% B, 35 R AR
KA, A K mEE (%) = (1- 0 8A
JEHE /ST IR E ) x 100%.

1.2.8 ETaARALREEENZ B HE M
S BURAS 5 AL ICGHS 43 b 9 BF B2 i) & P 240
B, REETEEZOCR B T WS, pEAR
KL i G i R H R R S 5O 8 (GFP)
(IR RGN ot GRS S O i A N
[Fi) Ak FHL 20 A A v 1 35 DR 9 e

1.2.9 WA FLHE CD/TK k&% 4 RT-PCR # ]

T e 4% IR TRIzol 15500 6 106 B 42 b Jg 41 40 b 119
RNA, X5 ¥ 5% & i cDNA, F PCR 3% CD/
TK FEH, fea SR i kRl PCR 724,

1.210 M@ mbE EE (MVD) 8 %% A4
AR E G bR AT A )
it SABC S difb g il & g )5, Kl gl 2ibs
A CD34 AL, LI CD34 PHE ML BAE A
MVD {E, LT 200 £ 0057 1 P9 AT 35 A 8 52 1Y)
5ASLET, THECH P I A AL

1.3 Git=aE

i ] SPSS 13.0 # ik frgeit 2 b . TR
BIUAIE + FRMEL (x+s) Fon, TR
BN e K, A EAEAS T 25 40 A, B SNK i
38T e P<0.05 M2ZEFA G #E X,
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FF 5] 57 Py A B34 B /T X B A (1) P<0.05)
LR 75 5 B 20 34 /N T 5 SR IR 4L (1 P>0.05)
(#£1),

AT F X B4, FORigl . 8 7 4E Rl .
e BRI A A R i O 3.72%, 21.40% .
47.13%, 3 AR EZRAGIHFE L (1
P<0.05) (%£2) .

21 REBEMENERBRLMMESR

Jo R 2H B SRR AR A A OR L B AR, Ak
PP 2% 6 ) e g RN 55 0] BRZH B 22 S 8 T ST
X (¥ P>0.05) 5 A 4R R4S 8 A 4R I 0
AR RS AR A K B 2 B A, AR BRS 45

®1 SETERRLEERRNEBEEER (mm®)

Table 1  Volume of the xenografts in each group of nude mice ( mm’)

215 0d 3d 6d 9d 12d 15d
X BRZH 203+9 338 + 3 467 +7 612+ 15 724 + 23 826 + 19
JRORIZH 211 £ 10 323+4 449 + 6 589+ 11 692 £ 12 795 £ 16
e 7 R 4 213+ 14 255+ 3" 382 +4" 497 + 9" 568 + 10" 649 + 18"
R e RGO A 205+ 17 21522 276 + 42 363 +9"? 402 + 152 436 + 8"

e 1) 5XTEA L, P<0.05; 2) Sl HERA LA, P<0.05
Note: 1) P<0.05 vs. plasmid group; 2) P<0.05 vs. ultrasonic irradiation group

F2 HEMBEERMEIEMNLLR

Table2 Comparison of the tumor inhibition rate among groups

g1 Jilvyg Jo i A A A i 5
(mg) (%)
Py avezi| 621+ 18 3.72
R R AR 507 + 20 21.40"
R DREE R el 341£9 47.13%?

TE: 1) SR, P<0.05; 2) Slpimifd e,
P<0.05
Note: 1) P<0.05 vs. plasmid group; 2) P<0.05 vs. ultrasonic

irradiation group

2.2 BEHARMNERELEE

X HECZ g A 2 R WL &kt 5 SR A i, kL
S g L AU B R AT UL 1~2 NS AN, A
o IR 1) b g A0 SO P AL AR D Y s e e S A M,
7 R A 1) PR 2 2 b mT DL R o 0, e ' 2
(B 1) o M A8 ) R i P BOR i 45 R o
7 i R 2 PR A G () R B I o T 7 R
4, MEZRAGITEE L (P<0.001) ; M
HRZ SRR L g, SRR Y ORF &, (HER
TG it L (P>0.05) (#£3) .

1 REERET &AM GFP RiX1ER ( x100)

A: XTHRYL; B Fokidl; C. BARER4L; D. @Rl

Figurel Expression of GFP in each group under fluorescence microscopy (x100)

A: Control group; B: Plasmid group; C: Ultrasonic

irradiation group; D: Ultrasonic irradiation plus microbubble agent group
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®3 BEMBALSHFVIFFMNERERZE (1=10)
Table 3 Gene transfection efficiency of each group detected on

the tumor frozen (n=10)

205 YR (%)
Xif 20 0
it el 0.78 £ 0.03
R AR R 2.81 +1.28"

A i AR P 4 23.87£2.74"
TE: 1) SEoRi41tbie, P<0.05; 2) SiriEiedl i,
P<0.05
Note: 1) P<0.05 vs. plasmid group; 2) P<0.05 vs. ultrasonic

irradiation group

2.3 WEHEE CD/TK K&

B 75 R R R R R R R 4 Y i R 4 4
Y3 2 415 bp B9 CD/TK K& 4 B A B, 1 76
Xof AR J A 2 ) i R 2 4R o s B BH P R BE
(K2) .

2.4 ZHRBBEBAHLR MVD

S0 RRZE Fe A, e TR A RGER S R R i Al
iR 2L 2 r A At e £ 0K, B S /b, G DU R
R OE A o W, i BRH TC I B 25 R (T3 ),

T G R T R 3
XY -";.‘ .‘v ;'(" ‘:’\:.&‘J:-:;-:.w‘: .'g ; .’.
ROy, Rt e T S
Sy e LR O
ey Mo S A oy
“l"q‘wi .;’ e AP P -
L s e TR Ty
Tl e ot ‘ .
’ Vg
* e b
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.‘.?i
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e
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' f

‘1 .J’ .
S ¢ {0

B3 CD34 &EANRBLER
Figure 3 Immunohistochemical staining for CD34 expression

D: Ultrasonic irradiation plus microbubble agent group
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MVD 525 H R, R R R 2R 75 AR RO
ZH MVD T+ AR T X B2 (P<0.05) 5 FBikidd
L5xt AL, MVD THECRIAIR, (H22 R B80T
BEX (P>0.05) (%£4).,

3000 bp
2000 bp

2 RT-PCR#&M COTKERERIA  1: ST HiEbRL;
2: HFEARIRGOEA; 3. EARIRA; 4. PR
5: XFHRZH
Figure 2 Detection of CD/TK gene expression by RT-PCR
1: Maker; 2: Ultrasonic irradiation plus microbubble agent
group; 3: Ultrasonic irradiation group; 4: Plasmid group;

S: Control group
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R4 BEMEARFEYIFE MVD (1=10)
Table 4 The MVD of tumor’s paraffin sections in each group

(n=10)
415 SRR (%)
papileEz| 488 +5.1
oy edil 4277+ 6.4
R AR R 27.4+3.2"
R 4 IR A 123+ 1.4%?

TE: 1) SEoR4ibse, P<0.05; 2) Slrimifal e,
P<0.05
Note: 1) P<0.05 vs. plasmid group; 2) P<0.05 vs. ultrasonic

irradiation group

3 i

3.1 FREREENYERNEL

HAl EZm L m ey, A8 kM. BAME.
R bESE U B T LR IR YT, B AR R A A
AE VLM S 72, A SEIR (9 ER (+) MCF-7
A0 MR ORI T NFUNRIE , [ UEPE i , iy U A 1Y AR AL
G by A R LR R 2H 22 R B 2 AR A R . R
Bl 51 R P ) U Bk B 1) 2 8 /N B, R S AR 2 2T
FRRON ™, BEE AR E R R, HAE MR 2
£ S S QU AT B RRIR B, HATE B B2
S GT AU AN T D B S S . AR SE R SR
MCF-7 4l ik, HM TREBAMB LT, #M5
7~10 d AT WLZETY, BARIE PR 100% o
32 BEEmHEATZHEEAR (UTMD) 1+ &

B B 3

wH B [ i B (ultrasound-targeted
microbubble destruction, UTMD ) & fif Ifil 4 il 15
PERG I, AT A1 51 4y ol o i A5 PN B o B A
B — B AR P,

UTMD 5k R e 1) 32 AL ) 5 8 75 25 13k
A 6 O AR s ] (RERIX) AR B E) &
SPF R P I o Bl R R 0L, 7 AR A AR KAk
JNF, feff ] P 4 A A I A8 P B 2 i A ZH 2 A L)
{18 200 TR Bt 498 i, B a7 P 1 b, 4 e T —
INMUE L CRALRON ), (R, GO R Ak 1 bt
WAL AE MBI TR A 14 247 ) Bk PR AR 4

P R T DA S BB 1] 3R 7 B 4RI & UTMD
i B R B RESE AR I RE L ZH BRI, A
T 38 5 H A0 ik DAY B e A% | R S B0 a8 T LA
WA Sy 25 19 A0 M 1, R P IR A P B RfE
Al UTMD = A= ) 23 A A ik T LA O 2 L 40 il

© WA )3 i [ & F A F A EFH

YN HEE A . fEUEA MR T 2 FHIR YT MR R K s [
o FEOGT R 20 LR AT A O g, B I A P B AR R
(VEGF ) & il 9 1% i 20 40 i, 5158 389 5 00 41 A1
ST AEH

NIRRT, 10 B X Jey i 4 4L A A 22 A
MR, HHE AL &R R BRI, R
MR EA 3AE: Q) A SRR 2 &
SR A G SEG (3) MU A MR 4R I i
YR TR JR Al PR 0 o SR T AL f0) o 2 4 s 75 1L
W | 29 ER SR T 55, ML
SRR DB Wl SR, A A
AN BRI SE A LR B 2Rk, BRI AR
A0 L, i T 22 I R k2 A s B 2R B, A
77 % o P T R R L 2 A AR R 1P
3.3 BEERHAEANSEVNERERZENER

R ENENINEIER

ARSI R [ N A Z ORI HRE R S
MRS ELAR IR 5 mm B g Ak B A0 A 1200 g A
1920 Hinrses BLUBE L0 i 4 40, B 45 T R R A b 3
SEREI, FoRdl . BRI BSOS R
WELH B 3098 2R 48 K 3.72% . 21.40% F1 47.13%,
JRL 4L S % AL L B B ST F 22 5% (P>0.05) , i
B L R S R R e R R A
il & 4 U R TR B4 (34 P<0.05) , H STk
LI A AL 0 PR A R A RO T R R R AL
(P<0.05)

e 96 14 A K RN S A% R A R S BT A= il A Y AR
B, VEGF/VEGFR % 12 76 I 98 i A& I 48 1Y A= Bl
MR HIEE HEMEN, 28R LT RSB
VEGF., VEGFR & VEGF ) %k Z —, f#1E T Il
BN M, A PN R 2 P A R I A AR B
BEUIAH G o AR S0 HE L A A K R ) 4 B s P 4
JiL, A A G i B R L 2L Y MVD B R R R, &
REM: SXFIRA g, Tk 4% g 4141 MVD
R AV FHAS B S, 17 68 75 ok 74 A 7 s R
[ MVD 2145 81 8 F R, G LU P e 4 fe ok 2

i brak, R R RO A TR H R G
I7 G0 % far 98 BB REIRE 1 A K HL A S S ) 0 o
F o 0B AR Py A AL T 8 A o X fiek 93 40 B #E g
PERIVER, b e 20 Jf 2B A 2 0B, ) e g 2>
T VEGF [y, MVD JRBEZ T K, o i L AR
B SO A ek 2, DA T e A K 7 B 2 R
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