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Abstract

AIM: To investigate the effect of transcatheter
arterial embolization (TAE) on angiogenesis in
rabbit VX2 liver tumor.

METHODS: VX2 tumors were implanted in the
liver of 20 New Zealand White rabbits. The ani-
mals were then divided into two groups: rabbits
undergoing TAE with 150-250-um polyvinyl
alcohol particles (TAE group, n = 10) and those
undergoing sham embolization with distilled
water (control group, n = 10). The animals were
sacrificed six hours or three days after TAE, and
tumor samples were harvested. Immunohisto-
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chemistry was performed to evaluate vascular
endothelial growth factor (VEGF) protein ex-
pression and microvessel density (MVD). Real-
time reverse transcription-polymerase chain re-
action (RT-PCR) was performed to examine the
expression of VEGF mRNA.

RESULTS: TAE-treated tumors showed in-
complete central necrosis with residual viable
tumor cells in the periphery. The levels of VEGF
protein and mRNA and mean MVD were sig-
nificantly higher in the TAE group than in the
control group (P = 0.001, 0.000 and 0.001, respec-
tively). The expression level of VEGF protein
was positively correlated with MVD in residual
viable tumor cells (r = 0.677, P = 0.001).

CONCLUSION: TAE can promote angiogenesis
in residual rabbit VX2 liver tumor after TAE per-
haps in a VEGF-dependent manner.
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%S Bk ke %€ (transcatheter arterial
embolization, TAE)& 4 FE N ANGITHR
(1) B T 53, 1R T BRI I A 2 i g it
1 2y Fik 15 5 e 988 ke i die AR SR BE, M &5 G B ik
P HEVE AL ST 259 (R AT e 28 ) s U P 4 ot (B
JBCTT AR ZE), N S ECET 2 R IR AEN. Ll
FENFERR A N7 C O H TSI AN v DB
PEIH 8 1) 20746, SR, R IR N H
SR, A N ZEAE Ry Il B VR T T,
FLAR ST R 3, AR ST RTINS BAR. R
Fe ZE i I IRE 52 R R g e R 7 ) = 22 1A
FWRITUESE, I 1 U il R,
JIe g I A A R R ) A KRR e 75 55 e
TR AR EEAE Y. T A 2 S M A
) O FO00) [ B TA B YR YT I i D)7 B A7
RS U, AR RV X2 A 5T
TAEXS [ ML A e 4 5.

1 #RRITSA

L1 A B2 KAR, &, HFE3.0-3.5 kg, 1
TR 2 R P s 2 Bt sh 1) 2 5. V X290
PRI 3 v T il 280 5% SR ) O b . MIRJSRK
1.5 T MRE(£ 1 (Magnetom Avanto; Siemens
medical solutions, Germany). /M ALK HDSA
{¥(Angiostar Plus, Siemens medical solutions,
Germany). /I A S F 28 /K% \ (Terumo,
Japan). XJ LU ER 5K % (Omnipaque 350; GE
Healthcare, Shanghai, China). —Hrik &K H
EnVision ™ EA 4 Z Kl R 4i(Dako, Glostrup,

Denmark). —H143 534/ PTVEGFMillipore,
Billerica, USA). /N $L1CD31(Dako,
Glostrup, Denmark) ¥ 5g FEHLA. SLHTPCRIT
H A FERNACRIE B (Applygen, China).
TRIzol(Invitrogen, Carlsbad, USA). ¢cDNAZ—
B4 U (Toyobo, Japan)fISYBR Green Realtime
PCR master mix (Toyobo, Japan).

1.2 7%

1.2.1 AR MR Ao 23048 TG 25 K
e, MEREARR, MiR3.0-3.5 kg, SIRRIEK:
RG24, #bkiE I, 730 me/kg iAot
B VX2 1 Sk VX298 M TARAR
ffRd S B, BT mm X 1 mm X 1 mmoK /M)
J 2B, K S5 T A4 R S G TR R T
. BEERNTE, B R 42 BB T 22 A,
FENVREFEF 210 mm. MRS AE 5 17-18
d, KHIMRBAZ A IV X258 i 5 . T 30
WAV BN, 3 FH 6300 T 7% 350 AH 475 B 2 Bl K 152
T FEAR I MR ], BEATT2INBMR R, 2
¥1: TR 3700 ms, TE 87 ms, JZ/54 mm, JZ 8] R
15%, 717 % 168 Hz, FLEF200X 200 mm®, 4320
X 320. MCIEE STV X2 R 20 1, 30
N2 TAEAB A (0 = 10), K 150-250 pmZE
CATWEAE FE; SR (0 = 10), K2 KA 2
CIRWARANTAE. FEAE A DU [H], R BE 4 SE 5
oIy AN W 4H: AV ZH(TAEARBEZS HL, ) 45
), TAEJG6 hib3C5h#); BIWAL(TAEAL B 415,
XI5 ), TAEJR3 dAbsESIH).

1.2.2 TAE#:AF: TAELEDSA W R HEAT. SZU64%
BRI E, Tow TR T VIR Rk, Bk
Bk, FLAL TR 18G 2 dl B 2 o) 1B 5 ik i 2
Ji, T, GIN4 FILFE#H, J6 R4 F Cobra
SRR N T, T L AT IE
T3t 5 HH DA T I P9 L A A, TR
2.7 FIRVHITCT B AH 4k 8 1k BV 4E A Bl K
JHF 6146 20 JikCRA I 2 Bk 9 . S 14T T 146 3 ik
B JH 70 ) Ik 6 P LA 32 Sk S A% AR R I Aok
WET R Bk, 2 G sciife JE A BE . #2 JE 5% H
150-250 um K/ LIGREBRL, R 0%
BELL10 mLXT G AT Vi, 7032 P T s
0.1-0.4 mLER ZM R IR B 28 B E N 22 3l ik
W, R ZERR S LIAT I3 1) 58 A 45 it A v %) TR
4 A N0.4 mLANE KA #e ZE 5.

1.2.3 Sm4a2 405 TAEJG6 hy 3 d, KAk
T S B R L B 2 (100 mg/k g4 I B ) 1) 7 v
Wb SIEH A, bR HRORE (0 5 55 RS2 11 ) Ji o 41
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AR IR AR
TAE# R4 2 %
VEGFEEIKTE VEGF mRNA MVD VX2HF I AL,
paxi:l 5 PIE o PE . PE 3 5 A TAER
+ ++ +++ (mean = SD) (mean + SD) 5% 7 W 21 5% 80
6h VEGF mRNA.
TAEAn =5 0 0.031 351+216 0.009 20.40+6.39 0.094 ”»%TJ‘J?&RM;J’%
H#VEGF&E & 5
BBYA(n =
WBHn =5 0 0.62+£0.28 14.44 £2.83 MVDt #5482 4
oe ¥, AT TAE
TAEH(n = 5) 0 0.020 4.64+2.27 0.009 33.04+7.99 0.009 xt B AR
BYh, AR TR
83480 =5 0 0.63+0.26 13.80 + 3.52 v,
A\Rﬁ A(n = 5) = * VEGF £ TAEH #
Sit MR B o
TAEZR(m =100 0 0 5 0.001  4.07+2.17 0000 26.72+954 0.001 e VR
SHBLHE(n = 100 0 6 0.63+0.25 14.12 £3.03

GURID 5 i 55 TPALZR), FnA bk PR ] 5, A0
WAL, 4 um b AL e, IR
FH-EY (R G2 2L Uk 22 e ., i 414 Ub 2
Yett R HIEnVision ™ME24E ) E K 2 45 (Dako,
Denmark). fif BLPERUNTR: AR TR Sh 2% 1(0.01
mol/L, pH6.0)f kPt 7B &, 3%1H,0.0F F 10
min BH T A 5 1 S, 2 S n s BR BT
VEGF(LAEWRE, 1 S0)RI/NRPTCD3 (AR
FE, 11 20) mAb, 4CHFH R, EnVision™ 3
HILFEE 30 min, DABR(Y, TR K Y. iR
R — PRI L s S
Yot i 247 5 BB TR FH B VE AT VAN, 257
KR Sy g . T U TR
AU SE. AR DT AR P IS e € 0 i )
Hort, ¥ VEGFE F K50 4% -, oG,
+, <10%1) 41 H BT s (4 ++, 10%-50% 1)
PTG +++, >50%[F e g 6. MVDRH
Weidner et al/v @R 7EBAT VMY B SCAEARAS
BE(X40) P Fr, HkHh il A 2 4 DX (R T,
SRJEAE =R BE (X 200) N 23 7 oF B 5 A [R) 40 B
PRI A, AE— R C D3 1 (0 1) 5 48U 41 4k
G 1X 53 T (R PN 5 400 i 5 4 SR80 9 40 D — S 1f
EHL, DASAS ALY I N A T Y B & D)
FMVDAE".

1.2.4 S B8PCR: VEGF mRNA % ik % ] SZIPCR
HEATRLI. S50 R Ab B0 5, WA R A A o
TRNARIEHH-70°CLRAE. TRIzolHEHU 4 &
RNA, AN nghiRNA, fIcDNAS 54
I I B S 5 — BEcDN AL PCRE | ¥ 41 4
: VEGF, 5-GCAGAAGAAGGAGACAATAA
ACC-3', 5-GCACGCAGGAAGGCTTGAATA-3";
B-actin, 5'-CGAGATCGTGCGGGACAT-3', 5'-CA
GGAAGGAGGGCTGGAAC-3'". SZIPCR 5 % 5
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JISYBR Green Realtime PCR master mix, J M4
25 pL. PCRFLF: 50°C 2 min, 1XAE3EK; 95°C 2
min, LRAGEIF; 95°C 155, 60°C 155, 72°C 45 s, 40
DA, MRS, Leihlfif 25 ith 26, B MR ARPCR
FA 3R, WY, R )5 T VEGFHIXT
FERFRIAS

Soit A3 RHAISPSS13.040 ik, 05
LA TAE-Ab B4 55 0] f 4 2 [a) e ELAR 1) 22 52,
Mann-Whitney UK LEE 411 VEGF mRNA
MH A AFMVDIF) %57, Spearman'sAH <43 AT
MVEGFH 1 5MVDHJK F. P<0.05H0 %5+ H 4t
TR

2 BR

2.1 VX2RPB AR . TAE MRIEG SR i Bkl
i A2 T AR 2 i A (T L), TAEAL #E2H Fiof
SR ZH R PR B A2 0 5101.24 £0.25 emA11.334+0.26
cm, P2 IR ZE 5 040 vh % i (P = 0.439). 201
S AN DD S TAE(&12).

2.2 SALRIRIL S TAEALFZH IR 1K IR SR FE W
SRT A, LS TAER T I B T K
30 FEL IR Hp S SR BE, LR 32 DX ST R L g
MifEiE. VEGFH A R, Xm0 R ERIE
T3 A AE IR BELR S [0 Ji e 320 S5 1) 47355 i 98 4
Ji P (FE13), A T LA P R 440 TR 55 448
WA R IIATVEGFH K55, TAEAL B IR 1)
VEGF & /KW 5 = -0 BRAL (3R 1), g P sk
I8 BRI S 43 A0, L 2 B DA T R 42 40
Z(Kl4). TABALEEAL IR (1) M VDL = T
XTHEZH. S 6 hALAE I Ab BEZH SR MV DS
Y Th s, RS LGRS M2 T, 3 dib
BRI AL RIMVD 25 57 i 2 (3R 1).

2.3 VEGF mRNA TAE/#b 20 Fl 5} B 21 VX2 i o8



2884 ISSN 1009-3079 CN 14-1260/R HRENBIAE 2009E108H8H 25175 S528HA
mZAEE B 1 VX2®E
A% TAE 7T i@ 4T MRBMR. T2/
LiAVEGF Ak i MR G R 5
&R T 22 SN N 1
AR B, AL )

Z X ATAEL #
o A R 4 A
BT R, ARG
FFIRANITF 3.

2 TABRMEBHIX2EEDSABG:. A: TAEFIERRM: ATk
TSI R R 22 NN & IS L (BT); B: TAEJE##
M EE kS R R R T8, IESE i ZE ).

B 3 VX2ZBVEGFRRBARLFEER(x100). A: ZFHZH IR R A SR VEGEIRMERIRRIE (§); B: X IRAME TRBTER

VEGEBHMEAME (7).

¥ I A R e TR . AN g
AN g P T 00 g
i — sy LT AR OEC
e = h;-.-r ™ [ T & . g
. i) - N v ’ Wit ] el P
8 o ™ Lb- “ . olig ™ }5.".'
’ . - - e T TS 'a -
- Nk /1 a1
] ;.-_‘-. o o - . :‘. =
G ’_‘}_, . 2 - = r - .:_-'ﬁ .
Q'_.‘h = % - o ."
e e T v s *-f: .:"‘t\‘-.
poas : -t. ‘5‘_ T-‘__:‘:bf s 1“_ z o
I S R = =l

B e L 1
AN A N e ) Tt
i g '-\ r[ /.n- a ___i *rl

g AN _—""“'l'.". r-;';fh
LIV VRN sl
= & )4 '-'T';" _-
ESF N B NN et L
L L i WF 3 £ 4

A AR Ay -‘Jf\" f

by 1Y R- 7.t T > 2B}

. e ENSS {"'(__ i N Sy R

87 g ....':j 3-.. - o

e {:.-"" IS A P

211 ES-Rd 'Vl g ?’.."T.",‘ o
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YR VEGF mRNARIA. TAEALH4IVEGF
mRNAZ L KB Sl iy T 0 AL (R ).

2.4 VEGF%& @ 5MVD# % 2 VX2 VEGF &
HK - 5MVD S IEA K (- = 0.677, P=0.001).
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LA AR e, DARE S Jih 98 dife L s AP A 473

VEGF R MM E LGS 1, MMVD
P 5 M 52 6 40 B AOIRES, P B TR
JirgRg I A B A R TAER T I 8 2 1) 5%
ma) L 28 70 N 40 i 2 JUFh 20 P e 45 20 v 1
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U R ZH 4 R —FE, AE50R I
TAEAFEA VX2 VEGF mRNA. & A/KF
JOFEIMV D36 B2 S T, 9 HL R
VEGFH (K IA 5 MVDAH G, 1 He 5 2 B T
TAEBETRAT I8 1L A1 B R B8 e B Ay 57 3k (1)
M4, T VEGF{ETABAH S ML A= gl b R # 5
B ER.

AR 48 AN [ Ak A 1] 1) 100 A5 A BSR4,
BAVKBLITAE)G6 hAi13 dP 411 () VEGF mRNA
RV K TAEE B 2 5, AR, RS 4
(MM V DAEA [ AL BE IR (] 55354 26 5, AR 22 AN
ETAEJG3 dA G . BATHEN A S JLnT
A 55 AR 5 0L A R TL AR AT %, A% B J
VEGF & 4 g W FE R 22—, JLERIA 52 G415
S, RVIRGH, JrT RS KT Rk B R A
PR BREY. I TAE S 5% A7 I8 40 g el 1 o 1%
AFE 9/ T Akt i i B0 2, A7 3% 4D e R 4
AT DUKAZ B4 0 I VEGFIE R ik, A sz
WI/RVEGFAETAESG6 h&%3 dif) iR R il g &
TAE/™2E [ iR A S RS, AHEEZ R, MVD
VB 1M 52 B 40 1A Ak AR R, AR AP R
JHF- g v P 2B A RS ] A R LA A s PR AR i
HE, BOELHE A B A0 M (G BRI R, DL
S S RHT AR IR L (R T R RRUE R, 1%
Tob O R T B A2 30 i A YR DR 1R U T IS B
NI A e SE R ALK ORM VDI 3h &5 42 4k,
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BEAS A2 DAL B A JHE 8 T A2 6 i (103 A 1
M3 I G (I ] R R H S g% 41 23 27 5 %
I Jrh e e A I AL

AN, AW R EVEGE B ME40 47 T
R IR AL X i [, 1E—PAIESE T VEGF it ik
HTAE A1) M8 N B 6, BRI O 4
I 52 g TR A Sl L DX 3 12 1 A e iz, AR e
DR B (i AR P AR i o 8 10 G vy L 3 ik
FEIIVEGE M40 . FeATTA XA L% 5 TAE
7 AUV EGF R IL I HEWT A7 &,
AT I AT AR PR R AT T H I AR 2 S A BRI
JiRa X 2, A X 8 Y LV E GFRH 1 2232 11 i
T 1 2 X A7 AT B B A A ST T i AU
O IR 2 Can A K PR 7 4l R R R S P
M3 BVEGFAIX S X 1 215, G 1k — 0
FOUESE. 53— 71, AT R I B 2 1 %
B BT MR AMR I, xR RE S
VEGF & 8 i 55 73 Wb 77 2R e I 45 28 J 1)

www. wjgnet.com

B2, AWTTUE KRR TAE R 5 354 A7
IR VEGF L4k, 3 1M 3 Fh e A 5 7R k.
XTI REXS TAETR YT HHE (197 280" 26 S 5.
U, AR TAE S B A2 BRI 255697 5
g, DASR i TR AT AL

4 SEXB

1 Brown DB, Gould JE, Gervais DA, Goldberg SN,
Murthy R, Millward SF, Rilling WS, Geschwind JF,
Salem R, Vedantham S, Cardella JF, Soulen MC.
Transcatheter therapy for hepatic malignancy:
standardization of terminology and reporting
criteria. | Vasc Interv Radiol 2007; 18: 1469-1478

2 Lee JK, Chung YH, Song BC, Shin JW, Choi
WB, Yang SH, Yoon HK, Sung KB, Lee YS, Suh
D]J. Recurrences of hepatocellular carcinoma
following initial remission by transcatheter arterial
chemoembolization. | Gastroenterol Hepatol 2002; 17:
52-58

3 Liou TC, Shih SC, Kao CR, Chou SY, Lin SC,
Wang HY. Pulmonary metastasis of hepatocellular
carcinoma associated with transarterial
chemoembolization. | Hepatol 1995; 23: 563-568

4 Breedis C, Young G. The blood supply of neoplasms
in the liver. Am | Pathol 1954; 30: 969-977

5 Semela D, Dufour JF. Angiogenesis and
hepatocellular carcinoma. | Hepatol 2004; 41: 864-880

6 Yamaguchi R, Yano H, Iemura A, Ogasawara S,
Haramaki M, Kojiro M. Expression of vascular
endothelial growth factor in human hepatocellular
carcinoma. Hepatology 1998; 28: 68-77

7 Weidner N, Semple JP, Welch WR, Folkman J.
Tumor angiogenesis and metastasis--correlation in
invasive breast carcinoma. N Engl | Med 1991; 324:
1-8

8 Schmittgen TD, Zakrajsek BA, Mills AG, Gorn
V, Singer M]J, Reed MW. Quantitative reverse
transcription-polymerase chain reaction to study
mRNA decay: comparison of endpoint and real-
time methods. Anal Biochem 2000; 285: 194-204

9 Liapi E, Georgiades CC, Hong K, Geschwind JF.
Transcatheter arterial chemoembolization: current
technique and future promise. Tech Vasc Interv
Radiol 2007; 10: 2-11

10 Goseki N, Nosaka T, Endo M, Koike M.
Nourishment of hepatocellular carcinoma cells
through the portal blood flow with and without
transcatheter arterial embolization. Cancer 1995; 76:
736-742

11  Kim HC, Chung JW, Lee W, Jae H]J, Park JH.
Recognizing extrahepatic collateral vessels
that supply hepatocellular carcinoma to
avoid complications of transcatheter arterial
chemoembolization. Radiographics 2005; 25 Suppl 1:
525-539

12 Charnsangavej C, Chuang VP, Wallace S, Soo CS,
Bowers T. Angiographic classification of hepatic
arterial collaterals. Radiology 1982; 144: 485-494

13 Kim YB, Park YN, Park C. Increased proliferation
activities of vascular endothelial cells and tumour
cells in residual hepatocellular carcinoma following
transcatheter arterial embolization. Histopathology

kit AR, abit
—FRGRAM
I S 89 08 57 R
LA — R 35



2886

ISSN 1009-3079 CN 14-1260/R HHRENBKHAE  2009F10888H 178 55288

2001; 38: 160-166 and expression of vascular endothelial growth
14 Li X, Feng GS, Zheng CS, Zhuo CK, Liu X. factor and basic fibroblast growth factor in rat
Expression of plasma vascular endothelial growth with Walker-256 transplanted hepatoma: an
factor in patients with hepatocellular carcinoma and experimental study. World | Gastroenterol 2003; 9:
effect of transcatheter arterial chemoembolization 2445-2449
therapy on plasma vascular endothelial growth 20  Shweiki D, Neeman M, Itin A, Keshet E. Induction
factor level. World ] Gastroenterol 2004;10:2878-2882 of vascular endothelial growth factor expression
15  Suzuki H, Mori M, Kawaguchi C, Adachi M, Miura by hypoxia and by glucose deficiency in multicell
S, Ishii H. Serum vascular endothelial growth factor spheroids: implications for tumor angiogenesis.
in the course of transcatheter arterial embolization Proc Natl Acad Sci U S A 1995; 92: 768-772
of hepatocellular carcinoma. Int | Oncol 1999; 14: 21  Kaur B, Khwaja FW, Severson EA, Matheny SL,
1087-1090 Brat DJ, Van Meir EG. Hypoxia and the hypoxia-
16 Liao XF, YiJL, Li XR, Deng W, Yang ZF, Tian inducible-factor pathway in glioma growth and
G. Angiogenesis in rabbit hepatic tumor after angiogenesis. Neuro Oncol 2005; 7: 134-153
transcatheter arterial embolization. World | 22 Helmlinger G, Yuan F, Dellian M, Jain RK.
Gastroenterol 2004; 10: 1885-1889 Interstitial pH and pO2 gradients in solid tumors in
17 Gupta S, Kobayashi S, Phongkitkarun S, Broemeling vivo: high-resolution measurements reveal a lack of
LD, Kan Z. Effect of transcatheter hepatic arterial correlation. Nat Med 1997; 3: 177-182
embolization on angiogenesis in an animal model. =~ 23  Hoeben A, Landuyt B, Highley MS, Wildiers H, Van
Invest Radiol 2006; 41: 516-521 Oosterom AT, De Bruijn EA. Vascular endothelial
18 Wang B, Xu H, Gao ZQ, Ning HF, Sun YQ, Cao growth factor and angiogenesis. Pharmacol Rev
GW. Increased expression of vascular endothelial 2004; 56: 549-580
growth factor in hepatocellular carcinoma after 24  Dumont DJ, Fong GH, Puri MC, Gradwohl G,
transcatheter arterial chemoembolization. Acta Alitalo K, Breitman ML. Vascularization of the
Radiol 2008; 49: 523-529 mouse embryo: a study of flk-1, tek, tie, and
19  LiX, Feng GS, Zheng CS, Zhuo CK, Liu X. Influence vascular endothelial growth factor expression
of transarterial chemoembolization on angiogenesis during development. Dev Dyn 1995; 203: 80-92

BB FEZ B ZMAE

ISSN 1009-3079 CN 14-1260/R 20094F g A = TH: FLHe A i 4h 2k
o ?ﬁ»ﬁ o

B A — %% nA 2008 F WJG #4wd & 2.081

AR iz i Ar- BB RHBE B4ER12009-06-19 4T (HITISHER Y (Journal Citation Reports) IG5 1] 45 5
World Journal of Gastroenterology(WJG) I @85 1IXZ(TC): 10 822; 5% K 1~(1F): 2.081; BI4EFE4L: 0.274; 18 3C
i 1112; 22 10: 3.1; FEAEE F(EF): 0.05006. FAE K 51X N bn & A 5T 5 EHR S 5L — N abs. 5
SR AR, IXANRFR AN E LR T 51 Sen$ceE, mHE 8 Tiis TR gy, BI: ST S8 2 i
B e J AT S A, AT 2 )t 1F i1 Google s LB HEHE 1)U, Fefik K7 78 43 % 18 51
SRR, FELE TS PR AN Rt 5 P 51 S LLAS TR PR R4 DR 7 (B A o A8 3 22 S vh R R R 1
WSCTE TS ER S S S a5 | G 0. s A7 e, ITIRFAE DS 7 (Bt s B 25 ()RR DR 7
18T WP SOR R G S5 LRI B, s m PR LG8l 1 24 151 ST B, a2 AN Be s Wb = I HH P18 SC )
G R () RFAE AT S RE R e G B ARBL R R, T A, 583 GYRHMEN it
FIBR T HATIR A 515 (OFRFAER T o ST RENL 5 SO, 0 REAE BT 208 T LASh 45 23 b 00 5 R A
G T BN (RS T) Ee) RF 8] 72 S5 (6] e B P 2 R0 2% A T b, WIGTIEF, TCRITF 23 i 44 51 556, 9, 32417
(WIGHR B AT FE8I4% 2009-10-08)

www. wjgnet.com



