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(=] BNy WS A 5 20 e 35 H i e 5 1 U0 2R 2L X (monoacylglycerol lipase short hairpin RNA, MAGL-shR-
NA) 7E K BUH- 40 M2 -8 (hepatocellular carcinoma, HCC) 2141 % g Jo b HCC # R Ve ] . J7ids v K UM 4 o S8
Y S E90) P 2 R P e R RO A 0 . 40 2 SD R ERSE 2R A3 1 4 20, 5390 PBS Wi 2H \MAGL-shRNA JHi fif
#12H ( MAGL-shRNA + microbubble, MB) .25 [ JBRi f#if0 + 48 75 4% N8 4H ( microbubbles + ultrasound, MB + US) \MAGL-shRNA
JFRI M + 76 B2 (MAGL-shRNA + MB + US) . 45 LSS 1 mL, %t MB + US 41l MAGL-shRNA + MB + US 41K EUIT
IX. i) Bk 245 8 7 0 L, 4 A O 300 kHz, 2 W/em® 4R I8 10 s, [] B 10 s, 4% 20 min, Western blot 4l & i HCC 414!
MAGL 35 Y33k , S e 20 AL G MAGL I 57 4 J& 2 11l 2 (matrixmetalloproteinase-2, MMP-2) )ik, H A& 4 501
BB EAIE . 85k MAGL 78 HCC U RIA I % T 1EH P2 (P <0.05) 5 7ifu 4 MAGL-shRNA A LL7E HCC
5 7 e R A S 1) R, £ 45 2 HCC AU 347 MAGL 2R 1 93K, Hort MAGL-shRNA + MB + US 2 ik 51
AT HALA (P <0.01) 5 42K MAGL-shRNA + MB + US 41 MMP-2 FihBIK THABLL (P <0.01) ; 2050414
UL RS {5 MAGL-shRNA + MB + US ZHA RS R AIR(P <0.05) . 518 B 48 IR TR 5 MAGL-shRNA ) fifa i 2
HL RT3 T MAGL-shRNA f) 5% L4 , MAGL-MMP-2 i % [ g 55 HCC I RE ARG .

[R8R] AR  SREEE e 0 B ; B 0 7%

[PEETHES] R454.3;R73-362;R735.7 [ XEkPRERG] A

Effect of ultrasound microbubble carrying MAGL-shRNA on metastasis of hepato-

cellular carcinoma in rats
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[ Abstract | Objective To determine the effect of silencing monoacylglycerol lipase by short hairpin
RNA (shRNA) on the metastasis of hepatocellular carcinoma in rats by using ultrasound-targeted microbubble
destruction. Methods Liver tumor models of rats were established by intragastrically injection of 0.2% DEN
in 5 times per week for 14 weeks. The successful establishment of tumor model was testified by pathologic biop-
sy and two-dimensional ultrasongraphy. Totally 40 rats with liver tumor were randomly divided into 4 groups,
phosphate-buffered solution (PBS) group, lipid microbubbles loaded MAGL-shRNA ( MAGL-shRNA + micro-
bubble group) , pure lipid microbubbles + ultrasound ( MB + US group) , and lipid microbubbles loaded MAGL.-
shRNA + ultrasound (MAGL-shRNA + MB + US group). The microbubbles of 1 mL containing MAGL-shRNA
plasmid or not were injected through tail vein. Ulirasound radiation was applied on the rats of MB + US and
MAGL-shRNA + MB + US groups after the injection of target gene, with the radiation frequency of 1 kHz, sound
intensity of 2 W/cm” | with the pulse irradiation of 10 s and interval time of 10 s for totally 20 min. The expres-
sion of MAGL protein was detected in the tumor mass by Western blotting. Protein expression of MAGL and
matrix metalloproteinase-2 ( MMP-2) was detected by immunohistochemistry (IHC). Tumor metastasis were
observed and compared among different groups. Results The protein expression of MAGL was significantly
higher in HCC tissue than in normal tissue (P <0.05). Microbubbles containing MAGL-shRNA were injected
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precisely into the tumor tissue and then released to the target, and the expression of MAGL protein was found in

all HCC tissue. lIts expression in MAGL-shRNA + MB + US group was significantly lower than the other groups
(P<0.01). The MMP-2 expression detected by IHC in MAGL-shRNA + MB + US group was significantly
lower than others (P <0.01). Tumor metastasis was found in all groups, but the metastasis rate in MAGL-shR-

NA + MB + US group was the lowest (P <0.05). Conclusion

Ultrasound targeted microbubble destruction

can effectively transfect MAGL-shRNA into the target tissues, and play a inhibitory effect on the metastasis in

liver cancer through MAGL-MMP-2 signal pathway.
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B Pk 3L H v B8 W5 B ( monoacylglycerol lipase,
MAGL) J&—Ff i A 155 5C Be iy , LA A 28 s 1) & A
DR s R A AR, L RNA T4 1
JZL184 2R #RH Wr MAGL J5 b i) 2B 4 Fe 78 B
BRI BT AR AR NG A 3 AL L AT A
Jifd -9 ( hepatocellular carcinoma, HCC) & A= it & /G A
U HT A6 R 5 B A N A 35 53 6 LA K AR A
PEAT BE 5 75 ¥4 7] g & HCC & A= & R A AR A it
L HCC MRS A e R AR K A I Y 32 s
3, H AT JoA 2R TT T Bcib HCC %67 .

T AR 8 7 B R DA S R D] ) faf o Tl ATl B,
AREVERTCR] LA | R0 ) PR G SO 5 R 3
IS7 G 1 L 8 B T 9 5 LR 7 1 A 5 0 7 1
ASBIFE I o P GO AR ) % MAGL-shRNA | f
SR HCC 4 e 9 MAGL fy 3Rk, #8571 MAGL
R SR R A o Bl i HCC ##8ny AT 477k
DL B AL

1 W%

1.1 sE%3h4h

iR SPF g SD KRl 50 H ik (216.5 +16.2) ¢,
8 JHliE , W B R R R A= s W) ol . A s 4 iR 57
THERERKS: SPF RS 83h ¥ 57 , ok AR ARG ER, B ik
KGR, B I S HORL IE N EREE 1, S IR IE S
CQLA-2011-2443 , 5255 3 5 xR R 1) 37 R0 Ak e 2 30906 € E
R SE R sh Y PRINE)
1.2 Z2ALE BAKA

752 BUEAN A EAUE B B A B A A, CGZZ BB
FEPRE YA AL (1 MHz) Ry 8 PRE RN R 2= A 2R = 5L B
B, B RS BT A EE PR B B K S AR S 5 P
MAGL-shRNA Jiihih) H 3¢ [ Santa Cruz 23 &), Omega Jiit fi7 32 51|
& H 5 [E Omega Bio-Tek A H], 2 R 2 12 W A 5 [ Sigma
AT, ZCHEWAHE(DEN) 4 99. 5% 1 1 2 [H Sigma
Nl Pt MAGL Hif&ie A 96 & Abcam 2% &, $1T MMP-2 Hii {& 1l
AR =N,
1.3 XKEAMBEAGES

REIEN MR 1 G, NS 2 IR 4 TR T340, 2%

DEN (500 mL A i 7K il 1 mL DEN R 1R 5], #OGIRTE ) Bl
HEH  HRBTE 10 mg/kg 4524 ,5 /8, 2 14 JHE2), EE)S
REPLALEE 5 HAR, 245 T HFIX 45 B ksl 5 i g B gs 4
SUER IR HE Jeft, 2005 B2 Wi 34 S I 40 e g , B 2 57 K
FLHCC BERIRLT . A% 40 K BUR HZE S REAL /3 A 4 A
43524 PBS i 4 . MAGL-shRNA [ b7 14 3 2 ( MAGL-shRNA +
MB) 45 [ BRI + #8755 R4 (MB + US) \MAGL-shRNA Jii
I + WA R A ZH (MAGL-shRNA + MB + US) ,

1.4 Fixd2 3% # MAGL-shRNA 2 B #5669 A%,

MAGL-shRNA ki 4k IM109 Sz AT 1 5 4527 70 bR 16
A FORE , 7F LB 35 3R K #4176 ; 2 I8 GIGA B
PR G UL 3 R AR 2l Ak BTRL ; 58 A0 4306006 BE TR T STk
WAL PR R 1 mg/mL, D(260)/D(280) =1.9,H
SRR AN ER . S HRSCERLT ] 7k #5206 MAGL-shR-
NA Je IR 18 7 S v s 0], TR VR BN 0.1 pg/ul.

1.5 %HFu%

%515 BT R 2 R R # KT S A3 MAGL-shRNA JFikL
PR 1 mL, 25 P BURIRO + 88 7 % IR 2H 1 MAGL-shRNA Jit
LTI + R 75 R RV S5 SR FH R A A T R B 3k I 4 2
T, FRIB 45/ 300 kHz,2 W/em®, 518 10 s, [A]FG 10 s, 3t
20 min'® 5
1.6 #3547

OB IR 75 | B8 A A B s BELEE - 50 UK BB AL
Ah¥E 5 R 45T 4 B A S WO R BRI 4 40 R F 8 T4l
L E A NEY) R HE 400055 il g 4 200 9 B2 AR AR O
KA s 8k A0 i T Y ekl MAGL 25 1 7E HCC 41
ZUE R AL iR, @Western blot £l MAGL [ ) %
IRTEOL G 1 S AR BE 5 R BCR ] Western blot 6
M MAGL 25 1B FRIBIEBL , BRAEHH FL 76 3047 - W AR R BUIT
P4 SRICEE ), -20 CARAF. BOHE S AT ge 2 1 FRe
ABEE, WS KBS LT RIK, RS ER R R
PVDF i I, % )5 2R T #HH 4 h ARUOIA —$i,4 CeHE i
A URRE, N it , =W T EE 2 h, PERE, 552, SR H Quantity
One 3701454 MAGL 5% B-actin FY KK, QY5 i
Je 2 20055 BHL 2 Ay A R R 2 AU Ak 2 e 0 R BT R BRUS BB TR
HAEH 4% Z R BB E 2, % AU R HE Qe 05
Ji e AH L B2 AR A I 0 o 8 T AR D 20 % €00 3 BILAG: 425 1
B YR S e 4l LAk 2 b P AT Y ek U MMP-2 [ 3R
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ik, @EYIMIEHERAEN BB T S5 LR REIEE [ RIE
T2, MM A S 0L (IR E R 2R R,
MR %) , WA K REBR RN ES  BBR = gl kA%
R HES x100% |
1.7 it o

HARR A x s 7R, SPSS 17. 0 Geit k(4474047 , £
A A IR VO Rk FH B N R 5 22000 , & RS R LA X
55, LA P <0.05(3UM) N2ERAH G L.

2 #R

2.1 pEmARE AR AR HE & &R

TRREAE UG, ] 4 P O R B AT IEE RSRa 17 2, iR
B AR el 75 Ji] B A LA [ 77 5 R 8 2 3 A 7 ¢
DL ] R EAR AR5 (P 1) o HCC ZHZUBRAE # T 20
BUr AN, AP B K @ i A AR5 5, R WDEHT, iR
B FBEDI R OSSR A BE T AT UL AR i PR SR, S S
TR I B A B i SN 2 3 A A R RO TR 454
ity 0 23 HCHES ), T ULETZE (] B 38 A B 0 A R 5 AP
T ULYEE AR AR S AN RO 240 HE S A KL 240 o
B GRLLE AR, HOR/NBE 545 57, B B WIRAN Y 03
B2 (1E12) .
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2.2 Western blot 25}

Western blot 45 L i /R 8 417E 33 x 10° kb 354 15 57 1 2%
PL B-actin NS, E BT & 4L MAGL & I B9 235, PBS 41,
MAGL-shRNA + MB 25 .MB + US 2 \MAGL-shRNA + MB + US 2}
K E HCC 2448 MAGL JKEE{E S0 0.207 4 £0.016 0.0.192 3 +
0.019 8.0.1953 +0.012 1.0.062 4 +0.013 4, %5 % il 78 MAGL-

shRNA + MB + US 4 () MAGL & [ 3 35 W AR T H At 45 4
(P=0.000), L& 3,

B2 XRAITAMEFEAEAHE LEURE (x400)
1 2 3 4

MAGL=> g e s 5 33x10°

1:PBS 28; 2:MAGL-shRNA + MB 48; 3:MB + US 41; 4 : MAGL-shR-
NA + MB + US 48
E 3 Western blot ;| 48 X R AT 4 A AT 985 4H 42 Fh MAGL
BEARE

2.3 fEEAE N MAGL F= MMP-2 & &%

HCC 4141+ MAGL 3k B B & F 153 FF A 24U i) 58
(P=0.045) , IEH F2H 21 MAGL S 9R{E 55335 ; HCC 4141
P MAGL ek %8 , UM N bR i e slbi e o (181 4) o 4%
41 HCC Z12 34 I, MMP-2 &3k | 2 30 A 78 200 6 5 Py 1 B A %
sk ki e i (P 5) , PBS 41 . MAGL-shRNA + MB 4] MB +
US 2. MAGL-shRNA + MB + US 41 MMP-2 3¢ 2% JF {43 3
0.268 3 £0.010 5.0.273 5 +0. 011 4.0.267 2 +0.011 1.0.116 6 +
0.013 5,MAGL-shRNA + MB + US £ {9 5/¢:%% B {8 W) A% T Ho A
#Y1(P=0.000),

S R T )
SR B, B LR

B4 REARUFEONKRTAMAEARSERFA
A MAGL #9&i% (S-P x200)

2.4 BsEAS R

RHFIA 5 HRKRMESE R HARSET SE T R EfT W g
IR G . S5 BN, &AL K R I A R & Ak, PBS
#H MAGL-shRNA + MB #1 MB + US #i .MAGL-shRNA + MB + US
HFEFL 2435 100% 100% 100% 40% ,MAGL-shRNA + MB +
US 4 i B 3R A AL, 2 A G 24 B (P =0.038)
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5 GREALLFERNGAXRTAMTEALL S MMP-2 fRE  (S-Px200)

3 it

L F RS % ( diethylnitrosamine, DEN) i & K
FRUIT20 i AT A L S M PRI I T Bk )2 1Y
SRRl Z — DEN J& N-WaSIEfb &4, & HA P i
e VSRS P LR 27 19 2 5 70, ) T 5 2 £
AT, VB R, B R " . DEN 1R M L2sif
FEFIRES -0 e DNA 53477 , fs R BRUFFIE & A s ik
RIS (A7 P R BE ), 24 T H R JFF 200 0 445 45 4 A
JFEAL,, 555 T HCC, B2 173 T4 A6 A i Bt 3k i
TR B T A HCC %A % J e T2 s o
e BAR A RIFTT A KH 2 2R R SR HLIR 1 3
BRI, T BRI B R AL, S TR AR
iR S 2L S A5 e Ay T A g A O i 5
Rk NI I A e, PRI, TR T %
1235 SRk 37 KRR A

R P MR Ay AR 7 T B 700 S T A 1 TR, R 7
T T 5 70 22 A e K S U T LR I A SR
T i UL TR PR 235 B R 4% T T B, O T LA AR
VR (SRS R Y U ARSR AR R OAAE R —
Tl B R 8 P T g S5 e Y T O T A T 3k
— 3B RS WFSE Y T (R 5 40 Te JR VA o R PR T )
SRR [ 45 TR T Saa T R 7R bR R 3
YT 5 B 14 1 7 R IR 7 A T IO e 2 A
SRR, 7 A 1 2 A AR R L KON 5 SR X 40 i
IS8 375 11 94 o LA R B Y ) B 484 T, e A5 A R
(R BE 25 5 385 30 1A P9 2 0k A\ SR S i i, I Ll 1
T TE LA ER F AR S A 0, T UK 20 i PR 7 3 3% P
R S RS T E R A (R I A, T P N A R R i s 2
ekt

JFFA A TR (HCC ) 2 BR 45 1A b , (o7 T
VLR B SRR A5 0, HR R H 2, HOE
MepE s E kR UG 220 B B AT 4 i
JFRE VAT LT RS AE . T AR VI A7 L BT b
SRR 22 50T 400 L T 6 35 Ok LA 8 428 b T e 491
Bt Je B T FARMA T B ALIT BOir7 st 21,
Tk B T 2 RUIT 28 9% 7% (hepatitis B virus, HBV) |

BT 2 75 2% (hepatitis C virus, HCV) j@geR = HCC
RIRFBCT 00, B T AW AR & & i
B PRIE T E Bk A2 B R M G

AMF5E L MAGL 8 55, 38 o sh) SC ik 25,
AR MR PRI MAGL-shRNA f4 80 (i =22 $E ) B, 4
THPH MAGL X HCC # B m1ER . ASLgarh 3Tk
F Western blot £l K . HCC 4HZX MAGL & A £
5, MAGL-shRNA + MB + US 2 MAGL 25 (9 & HAth 2H
HBHH I R AT, 25 SR 100 B S A R AT B I 42 R MAGL-
shRNA [ Yeg %, 3k Nomura 25 $2H T — 44
B G T A AR 1 AR 28 0938 B, B MAGL-FFAs 38
s, MAGL {8 16 7= %) i &5 18 Wi 12 ( free fatty acids,
FFAs) (942 B, 15 | 2 % 1l PE % A5 2 ( lysophosphatidic
acid, LPA) S5 g 5 {5 5 (0 84 o A i 412 2 ek Jed 1 % A6 &
&, WFERM, LPA JH R MMP-2 78 HCC {2
ZR A EEAE, LPA 0% MMP-2 1) 3% 35 14 i
HCC BB REERRE 11 FEAR S8 h IR A T A S
AFE S IR R A 3RS A A ] Ao e B 2 21 Ak Ak il
MAGL 7£ K flL HCC 4H4UNIE & IFHEh g R ik, k1
MAGL 7£ HCC HZ b 1y Fa kB o 2H B 2 iy
XHE7R MAGL 1RAG Al REFEAE 3 HCC Ay kA4 & Jg b
IHEE R A, Y 1 S IRATKI T4 44 HCC
HZ MMP-2 {383k, 45 5 B 78 MAGL-shRNA + MB +
US 2/ MMP-2 & (1 3R A W R AIK T A4 , T West-
ern blot £l MAGL-shRNA + MB + US 4| MAGL ) 3%
ISR T HABAS 4, B T MAGL Fak AR5 7T LA 5]
A MMP-2 JGPE R FEAG . [R] Hsk DA 45 2L b I8 e R A7 1 ok
F ,MAGL-shRNA + MB + US 41 %% # Z A% T Hh 41,
X5 MAGL Fl MMP-2 253 —%, FR A4 I H: J5 5 n]
figj& HCC rf MAGL RIAFEALE W LAG | LPA 3350
b DT 30 MMP-2 5P (4 AL, 5 A 440 4/ 174 56 i I
FIEE [ BOMR AGL F E H ei0 7|l MAGL-
MMP-2 i 2[R HCC H# .

25 I frid , MAGL-MMP-2 i@ % v] fig 5 K FL HCC 11
R ARG, X L MAGL R 41 i 8 1697 i e 1Y
B D) K MAGL-LPA-MMP-2-HCC i J& A o5 2 i TR
Iy S
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