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# VEGF siRNA IS F ik RGD BE K & B E A4S
R FESTInE ph Y B

A, dRhik, Ak, FRK, LA, AP

(FZFBERFWETGGER FZIF, FR 400038)

= B#: i VEGF siRNA 3F 1k RGD 45K 4 008 (GNP) Z 4% (GNP-TyrRGD-VEGFsiRNA )
W SEA R, DL RO RS A5 il ( RFA ) SBEBUR0N 19 520 o
Tk F AL RO 0 A 7 VS R GNP-TyrRGD-VEGFsiRNA 3 HLEE WIS S WA s iichl s BRI e vk
Kol 2 &9 VEGE siRNA I9EEYE; SR CCK-8 vE RN & 4 % 155 P A0 I i A i w5 Bkl &2
EWHIEE AR, R E S a R8T ABRIEIF LA E S W% RFA BRI .
HR: SRYERL GNP AEIME BN, E8W & VEGE siRNA 3 A S F ¥ VEGEF siRNA
A EAY 554 GNP TE 30% Mk & LT 6 1 R L8k s A9t s g 45 &
JIB T IEE A (P<0.05) , 154l GNP X R A2 & 11 T B 2257 (P>0.05) ; Z41iEr
TEAE AP0 SR S8 AR B R T A FRER K X R4 [ (2.19£0.24) em vs. (1.71£0.14) cm,

P<0.05) .
Zi%: GNP-TryRGD-VEGFsiRNA & & YR S SRR 7 T— 1k, HnTfEA B THY SR AT RFA
FRTT 2o

eSS At HERRIE s AR G5 5Bk, SEHMA

hESES: R735.7

General properties and application of VEGF siRNA-loaded
RGD-conjugated gold nanoparticles in radiofrequency ablation

XIONG Qing, ZOU Mengda, DENG Qingsong, LI Xiaowu, MA Kuansheng, BIE Ping
(Department of Hepatobiliary Surgery, the Affiliated Southwest Hospital, the Third Military Medical University, Chongqing 400038, China)

Abstract Objective: To investigate the general properties of the complexes of VEGF siRNA-loaded RGD-conjugated gold
nanoparticles (GNPs) (GNPs-TyrRGD-VEGFsiRNA) and their impact on necrotic effect of radiofrequency
ablation (RFA) in the liver.

Methods: GNPs-TyrRGD-VEGFsiRNA complexes were synthetized by chemical and electrostatic adsorption
methods and the discreteness of the complexes was examined by electron microscope. The stability of the VEGF

siRNA in the complexes was tested by gel electrophoresis, the cytotoxicity of complexes to normal hepatic cells
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was determined by CCK-8 assay, the binding capacities of the complexes to normal hepatic cells and liver cancer
cells after co-incubation were analyzed by using electron microscopy, and the impact of the complexes on the
necrotic effect of RFA were observed in the in-vitro pig liver.

Results: The complexes showed a higher discreteness than the naked GNPs and the content of VEGF siRNA
in the complexes was approximately equal to the initially loaded content. Both the complexes and naked GNPs
exhibited almost no cytotoxicity to the normal hepatic cells at a concentration below 30% and the binding ability
of the complexes to the liver cancer cells was significantly greater than that to the normal hepatic cells (P<0.05),
but the naked GNPs showed no difference between binding ability to the two types of cells (P>0.05). The lesion
diameter induced by RFA with the complexes injected through radiofrequency needle was significantly larger than
that in control group with saline injection [(2.19+0.24) cm vs. (1.71£0.14) cm, P<0.05].

Conclusion: GNPs-TryRGD-VEGFsiRNA complexes can integrate targeted concentration and targeted therapy

as a whole, and may also be helpful for enhancing the efficacy of liver cancer RFA treatment.

Key words
CLC number: R735.7

Liver Neoplasms; Nanocomposites; Drug Carriers; Catheter Ablation

B9 AL 45 B R PEfn 4k & 1k ) 2 3% B m %
W B4 Al ( radiofrequency ablation,
RFA ) J& % W M AE 7 ik, — ok
P A R BRI 3 A R I R 16 T S e kb SR 42
(AR fRiFRsRE ) ERFAM EER ARG, IR
WEFEIEH/NIFE ( EA2 <3 em ) RFASF AR
HSAEEfFRTE R E 25, HITOR A 2R,
HAES em A4 W IFFERFAJG 588 & & 0l ik
30%~50%"". PG, Aif " K RFA— UM 5846 14
R R e A K A B RFA YT A5G G B

avB3ZMMEIZARRGE - R P EE
f9— B3 o IR 20 B R R P R AR I A P R 4 R
SR IE v B3, T IEH 44U A L P AN A E
av B3 RGDMKEAFETE T £F % 5 11 A58 26 40 il 4
BEFE PRGN K ER (R) -HER (G) -
REAMR (D)7 ZRRFA, & ovB35EAARLE
BWALE . BRFAAKRGD[eyclo— (Arg-Gly-Asp-D-
Tyr-Lys ) , TyrRGD]JE7E & B RGD %M i ZE 4k
M Tyr-Lys A~ 220 5 52 I B 1 i BROIR 1K
ZIRRR AT DL S . 2 [ 5 T AR i A Y
20 e A0 R AL ooy B3R RAE S, H /R
B4y F DL RN 3 A AE A 2 R TG 58 U
TyrRGD AL T 45 B 2 44 58 3 52 771 52 308 1] 5 A5 o e
40 K 5 Rk B2y B R 1 T AP,

MmN EAKKET (VEGE ) M H3Z R 78 i 9
W AR, IR TE R R AR A R L e AN 4
RS R E AR, R R A IR YT
H a7 #o50MS JNFHERNA (siRNA ) AE4S

© WA )3 i [ & F A F A EFH

GRS Z A R RF I mRNA, i 5 T ER
MAPHI LRk . EH R L MsiRNATE40~60 C
A Rk, HEA B MU i
3 UE SR A P8 S A0 sk 3 DX ARV TR, e
VEGF siRNATEM X S 5y R AEAE . ok, Fo9k
IVEGF siRNATEAK P RE 0 il I 26 1 F il A58 A= o

RF A Y FEAC [t B ) T koA B9 5 5 75 5 A8
() SR 45 P 3 h ARG AE IR RS B, PR A, B LS
TR, R AN K A g R IR AR B 5Tk B
SRR KL PN B R BE L D g kPt Rt T P R
RFEAM RN, HATH R B LA mB iKW
N BEERF Sk . T AR R 2 L R SO
TES Y 9k 4 Wik ( gold nanoparticles,
GNP ) FZ 248 F b5 Fd 28 R & B B A2
1E1~200 nmZ [8] 1Y 4 O/ NPUORL . A BF 58 £ B GNP
BE A A 8 i kb 9 B ok RE A RE, SO SR iR
#E VEGF siRNA, F| H#E 1] 73 3 7L IKR G D& M
GNP, HU[E#E4H A VEGF siRNAJEH Y52 & Wik b
JA AL o BT S B R R AR L B TR
SIRPERE R4 SOnT 5405 b R e kL i N B A i
T 5 Wi I, 98 20 8 K AR AT RF A B 9 8% 8 5
AT 0 % e 40 M 14 A RN LA BT A=, i B 4
SRREAMPAIEN, $ERRFAST L.

ARXHERTIERBBEVEGE siRNAK LIk
RGDMHECGNPE &Wy, JFH0F5E & A W X I 40
AR D) E R e RS2 e, B AL R E A W TE R
SR T il A
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1 RS

1.1 EEZEMHSIKF

GNP, 3, 4-"FRHENIR (3, 4-dihydroxyhydro-
cynnamic acid, DHCA ) , 1- (3-—H&H&EN
B -3-H kR R E[1-Ethyl-3- ( 3-di-
methylaminopropyl ) carbodiimide hydrochloride,
EDC], ZHEIEME LMW (polyethylenimine,
PEI) #JI3L TSigma-Aldrich2A A (EFE ) , &
FR 2, "W HE (Thiolated methoxy-poly(ethylene
glycol), mPEG-SH ) 3K T SeebioAw (1 [H
FigE) , AT EOXF & (cell counting kit-8,
CCK-8) lJFBeyotimeA# ( FPEILH ) . RGD
kT FilERERAEY AR (hEE#g) o VEGF
siRNAJF%I A5'-AAU UCU CCG AAC GUG UCA
CGU-3' (#FJF%) , 5-ACG UGA CAC GUU
CGG AGA AUU-3" ( R LT ) o HoAt 5] 1y
BT al, P R BT AR AR S S
1.2 KWHE
1.2.1 # VEGF siRNA 3R Z ik RGD 183 GNP £
Smab s BITES % Lee 510 45 3.0 g 1
DHCA, 2.71 ¢ [ EDC F1 3 ¢ 1) PEI 43 5 i f# 7€
10 mL. 10 mL H1 100 mL A pH { & 5.0 #J PBS
W . o DHCA WM AR PEL W, RS,
FE 1 h, SRE¥ EDCIMARITRA W P, R,
FHHCIE B IR AW pH R3] 5.0, HIRCE 4 h,
R R IR AW JE ST pH 5.0 1 HCL ¥ W
EB TP EN 48 h 1 h, -40 CHET, B3IL
AW ALY PET ( PEI-C) o HR 0.2 mL %) PEI-C i)
(5 mg/mL) MAZE2mLA 1 mM KA MNAE R
W (hydrogen tetrachloroaurate solution ) 7E il &
R TP LS min, IR TR, MA2mL
) mPEG-SH % ¥ (0.001 mM) . & #7 B & W
(MWCO: 50 kDa) , f3%| PEI-C-GNP, ¥ ik
RGD (TyrRGD ) 5 N- 33 BEFAME W e - £ s 5
B (PEG) 7EL/K N, N- —H T M F @ =2
B B, 18 F TyrRGD-PEG, TyrRGD-PEG /il
A PEI ( BPED) ¥ AE pH 9.0 A9 fik iR 4M 2% v
W (sodium carbonate buffer) H H A&, 1EH
R R R, B AT A AT VR T S A5 2 PEL-
G-PEG-TyrRGD, Z 2 Wk H PR ON/P (nitrogen
of PEI-G-PEG-RGD/phosphate of siRNA) N
10 MRS, E6WHHRERE, BRI T ng
) VEGF siRNA il A #| 11.5 ng #J PEI-G-PEG-

© WA )3 i [ & F A F A EFH

TyrRGD W, 7E 5% 1Y) % Ml v W, o Tt 20 455 0
B 30 min, f§%|] PEI-G-PEG-TyrRGD/VEGFsiRNA
2 &% (N/P=10) . ¥ PEI-C-GNP & # 5 PEI-
G-PEG-TyrRGD/VEGFsiRNA %R IR ), H il T
B4 h, BRNEMEASBEESET pH 5.0 () HCL
W EB TP EN 48 h F1 1 h, -40 CEHT,
% #| GNP-C-PEI-G-PEG-TyrRGD/VEGFsiRNA &
&% ({85} GNP-TyrRGD-VEGFsiRNA )
1.2.2 VEGF siRNA £ L &% PR HER I
5 ¢ GNP-TyrRGD-VEGFsiRNA FEAR A i 7E 1 mL A
& RNA /K, HU 1 uL VEGF siRNA J5IR % R
£ 1.34 mL A F RNA B K (FERXTI)
HOPE LU BE RN VEGF siRNA Ji0 i R B 5 vk i J2 iR
PP RNA B B2 G DB R R 47, B 0% 7 2 5 TR
A A TR MR BE ) RNA L K BEATTHE 100 Vi o %
LTk (3% BEIERE ) , 30 min JG7EEANE T B3,
£ % F Gel-Doc system ( BioRad, Hercules, CA)
/M7 o RNase-free water (JKili 1) , VEGFsiRNA ( Jk
i 2) , GNP-TyrRGD-VEGFsiRNA (ki 3) .
1.2.3 wmibFEWmiFEE LO240MILL 1 x 10% fLIY %
JERh AR 96 fLAR R, 37 CHEZ AL E 24 ho &
Ji ¥ & A6 e A Y GNP-TyrRGD-VEGFsiRNA
HAYH DMEM K923 (10%FBS, 1% H/H % -
R ) IMAR 96 fLikh, WEHE 4 h, i
M3 IR AR R 2 do AL A7 IS AR CCK-8 32 46 il
PN 2R IR A B TEME, W 2, B 10 pL iy
CCK-8 iR M A %] 100 pL f DMEM 15355, IR
SIEMRUTMAF] 96 fLAH, £ 37 CHREAIIEIFE 1 h,
SRJG TE WG E H 450 nm 40 f# ] Bio-Rad i b Ak
A A

1.2.4 GNP-TyrRGD-VEGFsiRNA £ &# 5 i &
a g, BT 4 A 3R 3% %~ HEPG2 A1 LO2 41 i #k W T
HERABEANE (R E ) o B x 10° 4 /mL
) HEPG2 1 LO2 #ii it L4 0.4 mL/ fLIEFh 3] 6 L
B (HEG2 F1 LO2 40 k455 3 ANFL) , M4,
# GNP-TyrRGD-VEGFsiRNA & & ¥ Il GNP % —
B4y WA ] HEPG2 AT LO2 40 g, 37 C,
5%C0, M55, 12 h 5 RSN 1L, PBS ik,
A 1.5 mL EP &, DL 4 800 r/min fY 5 B 25 .0
ML BT, R RS R R . DI HUBR
TWLEE

1.2.5 HHRH ek P SRR CE TNV (il
IR ANEE Sl 4 525 rh B2 4 ) 6 AN 6 B R i
BB JE 2 K/ G B TR -, & 34, Kip
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W 7K B H A T B4 A SN ZY 2.5 em, LA 45 W
TGS AL, B e R 10 W, H 2
Al BT, D3 A 3h T R Ak o 78 S0 Rl 7
MR 5 — 3 L 1 mL/min A8 3 B[] S48 kE P 12
5} GNP-TyrRGD-VEGFsiRNA, D)) 7 i 13 5 4E
FRERKAE R XF MR . B4R 58 iR KR BOH & S s J7 n]
YIFFRFAE, DA AR P X3k S 40 il b S5 4 X
N+ AR BB XK Bl Al
1.3 Git=aE

FHIBM SPSS 215 F it A7 8l ge 1127 7 it
BAE B £ hRifE2E (x£5) , P<0.0ShEF4IT

RURETSN
E -0

GNP

UGS 524 %
2 & B

2.1 GNP-TyrRGD-VEGFsiRNA £ 4% 5 GNP
EEUEE R
HL BRI 25 R AT UE H, GNPAEL100 nm Al
200 nm LB P R I3~ 12 GNPk R — 1
W AR, M GNP-TyrRGD-VEGFsiRNAKE &%)
FE100 nmA1200 nm B EF o JL-F- 42 3 52 90 s B A I
REELTE A (#1) o

GNP-TyrRGD-VEGFsiRNA

100 nm %ni

e . a e

1 GNP #1 GNP-TyrRGD-VEGFsiRNA E 5B E T AL
Figure 1 Electron microscopic views of GNPs and GNPs-TyrRGD-VEGFsiRNA

2.2 VEGF siRNA HEEAYTFHIREM

HEHEWEKBIKEG LT EHR, GNP-
TyrRGD-VEGFsiRNAE AW % VEGF siRNA &
A4 T BWIVEGF siRNAMM AR (E2) .

B2 BEBKER 1. FOXM; 2. % & VEGF
siRNA; 3: GNP-TyrRGD-VEGFsiRNA & & ¥ ( VEGF
siRNA WEESAb B ) 5 4. s3FHARIC

Figure 2 Results of gel electrophoresis 1: Blank control;

2: Equivalent VEGF siRNA; 3: GNP-TyrRGD-
VEGFsiRNA (after VEGF siRNA dissociation); 4: Marker

2.3 GNP-TyrRGD-VEGFsiRNA £ &S
FFAnE GNP, GNP-TyrRGD-VEGFsiRNA

© MR ITF EHHBNHFEIH

B, TE 10% U BE B FE A b 41 A7 35 28 50 0
101.8%M100.4% , 1E30% 4k B B9 AL A v 40 i 77
RN N9 1% M98.5% , 1£50% 1 & 1Y FE 7
e 40 A TR R N80 3% M T3.1% , {ET0%Hk
JE 4 R A v A A 5 R 50 S 57.4% F139.9%
TE 90 % ¥ JE 1A FF A< v 20 JfL A7 35 2R 53931 S 21.8 % il
14.2%, MHMAFTEREEWA LI, 27 HEHIT¥E
X (P=0.063) (FE3) .

150+
GNP-TyrRGD-VEGFsiRNA

GNP

100+

50+

AN TG AR (4>

0 T T T T T

T
0 100 30 50 70  90(%)

Bl 3 GNP #1 GNP-TyrRGD-VEGFsiRNA £ & #1 %t IE & BF
kil pEg e ol
Figure 3 Detection of the toxicities of GNPs and GNPs-
TyrRGD-VEGFsiRNA to normal hepatic cells
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2.4 GNP-TyrRGD-VEGFsiRNA E 5 5/ iE X (P>0.05) . GNP-TyrRGD-VEGFsiRNA%K
WKk EFEHAMESREN AU IERFABELO2L 8 37, BB T A 41 i
GNP'?IE JEA M LO2 3L 15 3%, BT T FJ?/‘”A%/\%I%/ (4.1x1.0) 4 54

MM IT E GNP (3.6£0.9) 45 S5 MWHEPG2ILR: R, ME FHRANHEITEE S

?EH@HEPGZ,\in?%, HLBE T BN M T 5 GNP AN Bk (29 224) 4, MEESARITFES

MR (3.9£0.5) 4, MEERTHRITEE (P<0.01) (K4) .

GNP-TyrRGD-VEGFsiRNA

40+

. [ 6Np
I <_ [ GNP-TyrRGD-VEGFsiRNA
O N— -
= E 30

=

4o 20

R

% 10

0 N
S | Z
= 8
jus 0-

L02 HEPG2

B

B4 GNP 7 GNP-TyrRGD-VEGFsiRNA E6# 5EE AR RAMNES NN A: BT, B: GNP il GNP-
TyrRGD-VEGFsiRNA & 5115 A4 25 & 1 b4
Figure 4 Determination of binding abilities of GNPs and GNPs-TyrRGD-VEGFsiRNA to normal hepatic cells and liver cancer cells ~ A: Electron
microscopic images; B: Comparison of the binding abilities of GNPs and GNPs-TyrRGD-VEGFsiRNA to the two types of cells

2.5 GNP-TyrRGD-VEGFsiRNA X} RFA 555 % iz 5 minfg, WHEEHDT I UIIT P LY, AR PEER K 24 B

A WEAERN (1.4120.14) cm, BHEWHBM HE
BREFATRFA R, S B I K fL i H(2.72+0.24) em, HEFREL KA ML S Y H %
AEBRER K FIGNP-TyrRGD-VEGFsiRNAKE &4, MERASII22Z5% (P=0.01) (K5) .
40+
A FRERIK GNP-TyrRGD-VEGFsiRNA ;
: E 30+
R
?ﬁ 20
=
=
= 10-
<_
i
0_

FERTK GNP—TyrRGD-VEGFsiRNAB

B 5 GNP-TyrRGD-VEGFsiRNA %t RFA SRR3R a2 A: WZH RFA JSEIAMENT; B WidiSe Bz b
Figure S Impact of GNPs-TyrRGD-VEGFsiRNA on the necrotic effect of RFA A: The two groups of pig liver after RFA in vitro;

B: Comparison of the lesion diameters between the two groups

3 i i Yy e HE LLGNPSF, B IHEA VEGFsiRNAKR
FE MBS, GNPHIE A Yk I 40 i 2 1 VR AR,
AWFFE KB, GNP-TyrRGD-VEGFsiRNAK & I AR T 30% 46 B I BF A L-F- 2304705, & T

-

© KA 5] 2 38 5 B 2 76 AT http://www.zpwz.net



50 B E LA

UGS

424 %

30% e B BBl A v B A B, A M AE T AR
R 22 SCHk 438 GNP X4 AL JC B PEAE T, A S IE
B 7 GNP-TyrRGD-VEGFsiRNAFI GNP T4 i 5%
i AR, AT LAHIBFGNP-TyrRGD-VEGFsiRNA
Xof 4 ML TG B VR AR T o 1 T30 9% ik JBE I it o vk FE 1Y
o, A MAE T RS ey R, AT AR B T A
B3 R E RSB . A, BAE WX
Y ZE & Re T T AR 4E ML, GNP-TyrRGD-
VEGFsiRNAK & Y4 B34 5 T 9 RFA S B4 .
— kUL, CNPLRmYIGEBE 54
KRoF4EEG, USRS EY KIS FRESBEE, W
GNPZPEGW IR fLAE i J5 , 2 3 T 40 Jfg % 3 4%
B[R B PEG I A X GNP R E FIME T, B k3
AN, Cheng "L BE I BE W e -4 -3 E bt - 1-
MR lE (SMCC) fEAMMBR, HPEGIHIRELIE
GNPEIE, FSPMBEAYMESR (Dox) 454G,
W HE A W Au-SMCC-Dox, H X Hep G241 K
Z 25Tt 25 ) Hep G2- R4 (% 20 ff 5 M 2% v T B 4l
Dox, J34h, GNPYEN—Fpii i far iR+, JFA R
U0 A, 7R R RF A 2 R vh {8 A ] 19 0 )= 35
BT B, A B S S AR R, HL A ] L)
VTR B B A A TR B AL 8L, SRAN T
Hh I ey A AR M IR BE T SO N 5 L T I B o
RGDAKBE S ML N 2 40 i A RS A,
5 /N 38 A R DL RS i A TE B 40 R AZ R 6 38 X
B R, T A A AT LA [ T A A 7R R e
WP, R A TR B YR T AR
B AR HBKRGD ( TyrRGD ) BHMiEGNP LA
RO EE-RWmUM (PEG-PET) , FH#Fs8H
KRRV L 2 R TR P A B Tk g A ) e B
REER R, SN TyrRCGD-PEG-PEIE K 2 /& A
PR SRR R = S S AT Y R 2 S =
A siRNAITyrRGD-PEG-PEIZN K 254 1 55 A/ B
WN24 hm, FESMAEMBEALN, A 0 HE g
R % TR 25 ) S A e i 988 24 4 e iR T R — A~ R
WA SRR . Han P # T —FRGD
A i 1 72 BB KB (RGD-CH-NP ) , /EM#E
i Z A KAE RN (POSTN, FAK, PLXDC1)
MsiRNA fiyik 80k, RAPLIMEERERY, A
siRNARJRGD-CH-NP (iRNA/RGD-CH-NP ) 1] i
251 0 O S5 20 M DY A s RN A B 50 AR )N B
AR 2 R, siRNA/RGD-CH-NPH] i 2
050 B ed A 9 AR K . Zhao %My i T RGD Ik &
Wi B9 BH 25 T BE AR ( RGD-Lipo ) 1 g %8 i) it 24 AH

© WA )3 i [ & F A F A EFH

KIFIMDRIMsiRNAf % 4k . RSN R,
RGD-Lipo-siRNA 5 Lipo-siRNAKI L, fE W #1450
20 0 766 BF B2 40 ML P s i RINA Y 6 e 3 R, 9F HL ol LU
W SK OV 3 48 g %F B 25 2% 14 it 25 M o AT 50 A
GNP-TyrRGD-VEGFsiRNAZ &%, FIHRGDH L
WY F R, B GNPRIVEGFsiRN A #E [i] 148 [X.
B, BE AT LRGN REA SRR, AT LA
i 96 4t A . (B, RGD B AE i g #8 [5) GN P-
VEGFsiRNA R G P 1 0F 5838 A8 i, A IR B
A —EHE ., BEERCD AT R KB H
DL R B i £ AR B R W & e, MR T IR Bl S % A
ROEMMETE S RGD K, M i — P HEH RGD K
T Jib 928 8 1) 3 7 A 1

S AREBERARMAFEASL “TyrRGD
¥e.%) 49 GNPs-VEGFsiR NA ¥ 3% I & R FA 45 44 2 &2
0 ERIEATR (81272688) 7 X iF; FirAM T/Ew B
HERFEH P CEREREZEERF LH,
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