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TR G SR R W AR BR800 S 2 IR 2 - H = R - R AR (RGD) 64+ 454 P B2 4 i JE = (%) 52 1k
TR /N RUSE B W, 34T 92 6hRIC siRNA (] Tyr-RGD-PEG-PEI 40K 257 5 A /N LA 24 h 5, 40 A 7 i
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Abstract: The study is designed to synthesize nano-carrier Tyr-RGD (cyclo-[ Arg-Gly-Asp-d-Tyr-Lys]) and
poly(ethylene glycol) modified polyethylenimine (Tyr-RGD-PEG-PEI) targeting vascular endothelial cells, then
analyze its nanoparticle properties and the characteristics of drug carrying and targeting properties in vivo / in vitro
tumor. The nano-carrier Tyr-RGD-PEG-PEI was synthesized with the method of chemical synthesis and the
properties of this nanoparticle and drug carrying characteristics were identified. Its effect of targeting vascular
endothelial cells in vitro was studied with the method of competitive binding assay. The fluorescent labeled
nano-drug was injected into tumor-bearing nude mice to observe its tumor-targeting. The mean size of nano-

carrier Tyr-RGD-PEG-PE was about 145 nm, good in encapsulation efficiency of siRNA. After incubation in
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plasma for half an hour, only about 3 percent of siRNA out.

It was confirmed that it was a single spot with TLC

analysis, the Ry value was 0.65. Receptor competition experiments showed that the nano could effectively

compete with RGD in binding the receptors on endothelial cells.

Tumor-bearing nude mice experiments

showed that when containing a fluorescent-labeled siRNA of Tyr-RGD-PEG-PEI nano-drug was injected into

mice, after 24 hours this nano-drug mainly distributed within the tumor tissue. However, nano-drug without

Tyr-RGD appeared in tumor tissue as well as other organs such as livers, lungs, efc. The Tyr-RGD-targeted

gene vector Tyr-RGD-PEG-PEI synthesized in this study has good nanoparticle properties and high efficiency of

gene-drug encapsulation.  Study of nude mice shows that the ability of its tumor-targeting is significantly better

than nano-drug without Tyr-RGD.
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5y FRE VR T O R 8 T R VR T ) — AN
BRI FT A, Jr) 245 P R ) 280 A L A Y
ANBEFETT ) o B ) 250 Tt g e i AR i A 0 N U8
BB Avastin, BI%F & B2 KK 52 44 (epidermal
growth factor receptor, EGFR) ] #.47 erlotinib %% CEL7E
i PR A3 2072 R, 1 48 0] AR A sl T
KM, WAk aERE. Myt %
PEIZIR (small interfering RNAs, siRNAs) /EIT4EK
JEE L K 1) 3 AT RE K DR (R A 807 vk, B 0T T 9gE A i 1
F1R) 7 AT s A i g 742 A 0 68 DR ) e SOR R R PRV
JTHAR A N IGIRRTIFoE 2. gk A RE
oAy — i B A R e D 1) AR S 30 T ORE, H
e e AR AR AT i G T2 R o A AR A 10 3 T A K
A0 o P T AR BT, T8 B ) M 2 40 AR T
R e ARG &, T SEILEEDIVR T 1) ) T 1)

TIF 022 W3 b 96 400 i A% b 98 P 3 A 1) LA PN 2 4
Jf (endothelial cell, EC) 3% M4y 7 R iA 40 & &
% (integrin) ZAK afy, T NARAR AL IR 1EH 410
T LT AR %3 5 222 1A I 2 MoK & -
HEHBR-RKAHME (Arg-Gly-Asp, RGD) 1 LIS F %
i 5 R B o B RS, SR, DARE b
o AL EC BB FUCA T AE B4 5. Schiffelers
EDES SoE EUp Qe TR NIIRES NI E ) RS
[AF52 4k 2 (VEGFR2) BEilIf) siRNA Il 5 0%
I EC W, JLPASH BRI IER HE EC W,
e BT VEGFR2 MfEH], SCBL T HIERE X |
(RN AR ) Va7, RIAE ) 40 g AAE ) JE . 4 RGD
5 437 2% 4 45 D) AT LA - IR i 6 () AR 2 o
AWFFER B B FHIKk RGD (cyclo-[Arg-Gly-Asp-D-
Tyr-Lys], Tyr-RGD), & 5% 4~ (PEG)—%R L4 k.
J1z (PEIL) 9K B8RSR G T8 B AT #E 1) 4 H] ) 2 oK 52
4% (Tyr-RGD-PEG-PEI), LA 40K g % 44 1) % 4
KL PRI 25 ) 0 FLAE 1w b 1O D

M5 A%

##l Tyr-RGD, Sigma A #]; HHEILE 2
W2 - YR FATE Y Jic 5L A 2 4 (mPEG-SPA, mPEG 43 )ik
i 2 000), Nektar 2 #); CHER 406 W% (PEL, T3
ARy 7 BB 25 000), Aldrich {62423 %]; Cyanine 7
(Cy7), Biocompare A 7]; EHTLE (B AR 4>+ i
14 000 F13 500), Spectrum laboratories 2\ 7 ; Sephadex
G25, Pharmacia 2> #); Na'®1, b [H 5 FHERF 50T

ABFER KA R AAEIES  A G e kN B dn i
(HUVEC) 5 B R4l Bedefl:. EBM2 $577
(Invitrogen A 1)), M 5%MG4- ML, 1% %% §%H
R, 0.4%EANTY: B A K [+ B (recombinant
human fibroblast growth factor B). 0.1%E 4] A L% A
KA F (recombinant human vascular endothelial
growth factor). 0.1% K308 & #ZFEAK B+ (long R
insulin like growth factor) 1 0.1%F 4 A b A= KA
¥ (recombinant human epidermal growth factor), I
RGN Invitrogen 2] i, 37 C, 5% CO, %
Fi. W 3~5 AR HUVEC BEA7 525, JFH RGD Z&h
RC R 7 VR S PR AN ML R, B T A

Tyr-RGD-PEG-PEI HIHI & S HCHR[6], K%
FRI vinyl sulfone-PEG-NHS (14.7 pumol, Nektar AL)
50 mg &5 500 L DMSO W B, =
I PR IS, IMASEEE KK Tyr-RGD, #it# 2 h,
2tk (TLC) AT ERER R N, H#| Tyr-RGD
FERW R e FAB A N AZWER, RG] &K
W, MR ETAENER LN 7Y, ENTAR
(LR AR 4375 3 500), W45 A7 - UR 4 S (1] vinyl
sulfone-PEG-Tyr-RGD (~ 14.7 pmol) 5% 4= % fift 7€
DMSO ¥ 500 pL H, SRJEHIA 1.47 pmol ¥ PEI
HH (DMSO 500 pL), = FHiH: 18 h, TLC FRER R
IVESIECD: NP 3 (Ol e oS il A =) E P i v
VR, RS TKEN, BRR R > TR
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A 14 000), £¥% kT4, £33 Tyr-RGD-PEG-PEI
(LY

Tyr-RGD-PEG-PEI/siRNA X & & ¥ a# &
Tyr-RGD-PEG-PEI f1 siRNA HR 4} 75 2243 1 e il AH Y.
W, K Tyr-RGD-PEG-PEI %30 I -1 £ 1 2 AR A
SIRNA ¥, FIRMEE 30 min, HIANE N P (N:
ARy RSB, P TR P RERRIL
o) B Y, SEVERCREIES 4 C
o

Tyr-RGD-PEG-PEI/siRNA 4% & & ¥ B A&
WAk EEWwoa e, HERTFKMER 1.5 mL,
1 90 Plus/BI-MAS 4K bi A% f Zetaplus HLAT 53 Bt
X (Brookhaven) Wl ¥ife & zeta AL, AW

SE A B IR DR A HL DK 0 AR DI . sTRNAL (1 A€ fiff

IR R S-S P AUE i K U RIR &, 37 CORMR
30 min Ji7, HCH @ AORE S, HITT A 2 i 25 )
siRNA, 4R Ji 1 Byt i e e i vk 3 W o

RiboGreen |7 Tyr-RGD-PEG-PEI/siRNA £k
EEaMEHE ZHIAA &Y (Invitrogen, Ribo-
Green™ RNA) i 5ok, HAKJ: MAIE N/P EL
161 ) 200K 525 B SIRNA 299K S 0 2 pgemL ™ 1 &
A%, B 100 uL i 96 FLAFJEM (Corning, USA),
BEFLINHEREUF 1Y) Ribogreen 44kl (FH Tris-EDTA Fik¢
4 1:200) 100 pL, ZiMFE 30 min, BEARGIE 5%
JEHRIE (B AT A 485 A1 535 nm), AF [0 O 2%
PPN PicoGreen ekl FRyEHR B il 2R FH A G dd
BRI R B0 58 5 R AL siRNA MR .

P1-Tyr-RGD RY%I%&  bric: BL— ¥4 lodogen
(5 pg) /MR, KN Tyr-RGD ¥ 5 L (0.5
mg-mLfI, H AR HOK 24 1l B2 B f i), Na'?I %W
2~4 uL (18 GBg'mL "), 4 FHFER Y 5 min
&, N 0.01 mol-L™' pH 7.4 () PBS 221 0.5 mL
LAk M. SV Sep-Pak Cig MEREATALLL, 73
ST HEE . XK 0.1% =% LR (TFA) % 5 mL
WPl /N, Fic S NI B S, L 0.1%
TFA R 28 U M o 308 A AR5 T 60% £ 1)
0.1% TFA ¥ 00E e O I DE R 48 v R T, &
0.1%F 137 A A F1 11 0.01 mol- L™, pH 7.4 [f] PBS 2%
MBS, —20 CI A% .

KOMNARESREEIH  BRERE Pk A
EVFI HUVEC 400 0.5 mL (1x10° 40 ). '*I-Tyr-
RGD-PEG-PEI 0.1 mL (1x10* g'L™"). 0~10 pg/tube
) RGD 0.1 mL, % RMNAAIHA 0.7 mL, HAE

4 CHE S he #RJ5LL3 500 r-min' #.0 20 min, WX
25 R,y v BRI DT A0 R PR TR P S R A
1. Tyr-RGD-PEG-PEI 5 HUVEC 4l i jsi 45 & 5 [ F
E b © Firgit =046% - FraE, @ @
i T f#AS [F) 9 RGD 8%, RGD & i (477 A= 1 B Iy '2°1-
Tyr-RGD-PEG-PEI 5 HUVEC 41l iy 52 {4 45 & FERE, ]
VA ARSI ) %% 4K 8A 5 HUVEC RIS
B GEB A EREE

CCKS8 Al Khr st  HL T 8k
K e PANC-1 40 Hd, FH 0.25%8 8 1 B i 4L,
LL 20%fi5 4= 135 ) DMED 4%k 1x10°/mL
) B 20 P BV - B L 100 pL T 96 LRI 137 °C,
5% CO, WA NI . SEBe LA A FH FaR 3G TR e &
B 10, 20 F1 50 pg-mL ™" f) Tyr-RGD-PEG-PEI F1 PEI,
Sof WA 885 92, 25 1 AL A LI N A [R]85 77 3
HICYH M. B4 6 NS AL, helhias 24 h J5 &AL
A CCK8 10 pL, &T 37 CHEHI IR 4 h, BEARX
M e #AL 450 nm PR IIBIRE . SR ¢ K50 0 £ 4
HEAT W PR

PRAFIE R (%) = (EE AL A L)/ AL -

B HFL)x100%

Tyr-RGD-PEG-PEI #0 siRNA € &1k K REE
R PO E Cy7 ARl siRNA. S
iR Ty vkl % Tyr-RGD-PEG-PEI Al Cy7-siRNA & &
W), #EE M BALB/c-nu, I8 41 Hubk A549 (American
Type Culture Collection, ATCC), ¥EHF 1x10° AN4i i
(200 pL) TR LN, 3 AL R 2 =
H4l (7% PBS), Cy7-siRNA 41 (no nano, drugl only),
Tyr-RGD-PEG-PEI-Cy7-siRNA (RGD-nano + drugl),
Tyr-RGD-PEG-PEI-Cy7-endostatin (RGD-nano +drug?),
PEG-PEI-Cy7-siRNA (nano-drugl). -/ JR# kT
NG, %R e B T 2 6, Pt i
KH 35 Lightools Research 2y ) iif /4% Y6 i 5 &
2

#R
1 HRRETE

'"HNMR %3 #7: Tyr-RGD-PEG-PEI [l {£ 77 4 i
T D0, RIEEHE T PEG I PEL 570 5 1 U6 (1)
WA, T A SEE D Vinyl sulfone-PEG-Tyr-
RGD : PEI ~ 10 : 1 (mol : mol) HIHEEIELHI %15 Tyr-
RGD-PEG-PEI ', V#4551 PEI #:47 5~8 1
PEG 7} T
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A B 1) 28 A R HSGFasa fik JRCHE AR,

JEFF RIS - A Rl E TR (5:4:2: 1),
AR S, 4R MWEEE] Tyr-RGD-PEG-PEI i H#1
—BE A, RefH M 0.65,
1.1 Tyr-RGD-PEG-PEI/siRNA & & 44 18 45 %
ST AUKE S PRDGEUR R ¢ AL kL B/
Zeta HUALIIE G E « &5 R R M EIRGIRHEEY
Tyr-RGD-PEG-PEI/siRNA }if2%)4 50~300 nm, Jf
BE N : P LLI 8 i sk, N/P k5 EFAKRIAR Ky
(145 + 4.2) nm, &5 CHAZRE N @ P IF ECB1 G b
B, N/P Ry 5 I EHLAZ R (-10.8 £ 1.2) mV (3% 1),

Table 1 The particle size and zeta potential of Tyr-RGD-PEG-
PEI/siRNA complex with different ratios of N/P

N/P Particle size/nm Zeta potential/mV
0.5 335+13.3 -352+5.1
1 224+ 84 -21.5+3.38
2.5 186 + 3.7 -17.4+32
5 145+£4.2 -10.8+1.2
7.5 127 +2.6 3.1+£0.6
10 119+24 11.2+0.9
20 78 £3.1 16.8+1.4

HEYMaHEZEMNE siRNA 17 25 &
(RiboGreen G EHE) MIE . 24 N/P > 2.5 I, il
100%(1) siRNA 25 G5{EE AW, RZGIKEEY)
X} siRNA 1 R I i3 2,

525 W IR R Ak B IR U e H Kk o BT T
siRNA [FFEff . 45 3% W] Tyr-RGD-PEG-PEI 5
siRNA [ VA3 2 1 2 E4)4r 37 “COk 30 min 5, H
Y 3% siRNA i B i 84, SEWAER N
RERE (B 1).

1.2 RSMNARREE ST W SE S A AT,
WEE B A H &= ¥ Tyr-RGD B Tyr-RGD-PEG-PEI £ &
Wyl g B P1-Tyr-RGD 354+ P #1 5 HUVEC 4]
M TH 32 AA 45 4, Bfi#E Tyr-RGD ¥ Tyr-RGD-PEG-PEI
BN, B2 0 P 1-Tyr-RGD i 3 ik (Bl2), %
W RGD 532k M45 G &), Tyr-RGD-PEG-PEI
YK ESY A S5 - RGD 24 se g 45 & MEY)
TP

1.3 HRESEMERE  HHKE4k Tyr-RGD-PEG-PEI
A1 PEI # A 5] JF8 3% 104 20 F1 50 pgrmL ™ 1R T
JEE IR PANC-1 41l 24 h, CCKS8 252 I 1H 541 i
., R4 tb%;, Tyr-RGD-PEG-PEI
SR A AR E (P > 0.05); 1 AT R UK RE 1)

Figure 1 Agarose gel electrophoresis of Tyr-RGD-PEG-PEI/
siRNA incubation with serum for 0 min (lane 1), 30 min (lane 2)
and 24 h (lane 3). Lane 4 is control (siRNA only). Lane M
is RNA marker. Tyr-RGD-PEG-PEI/siRNA is very stable
incubation with serum. Less than 5% was released after 24 h
incubation
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Figure 2 The result of '“I-Tyr-RGD and RGD competed to

bind af3 on the membrane of HUVEC. Excessive Tyr-RGD

and Tyr-RGD-PEG-PEI can both compete combination of
HUVEC cell surface integrin receptors with '*’I-Tyr-RGD

PEI 17 W3 (4l Mo 51, 3 e 5 1 40 B A7 38 %60 3l
H 78.7% + 7.2%, 65.3% + 5.8%, 45.1% + 3.2%, 5%}
WAL ZF B (P<0.055 P<0.01) (K 3).

1.4 Tyr-RGD-PEG-PEI #1 siRNA £ &AM RER
ZR RN RSREHIGEH WG 1 h B, FA
HTAT AT 9¢ 5, RGD-nano+drugl A1 RGD-nano+drug2
PRZH ) WL B Th A AT AR TR AR, B AT SLADR U 25 40 JH
U A A . nano-drugl ZH AT W92 )6 70 A B R HT,
BRIAARSN, R B R A 38 K B 5 o A,
1M drugl only 0% CR Il 4> 5 A0 (] 4A).
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Figure 3 Cytotoxicity of PEI or Tyr-RGD-PEG-PEI at various
concentrations. Tyr-RGD-PEG-PEI did not exhibit significant
cytotoxicity at any determined concentration while PEI showed
very significant cytotoxicity at 20 and 50 pg-mL™

YN 24 h w] WA A AT 98Ok, drugl
only ZH /> B4 9 A& W W ¢4 4, RGD-nano+drugl
F1 RGD-nano+drug2 Wi 2H nJ W58 Y4 vh o A 7R 98 44,
JCAB TR A A A SR AT 2 3 A o nano-
drugl 0] W26 A 7 L, BRIEARSE, . .
W S I A 353K B 58 6 o3 A (18] 4B).

ZYPTES 48 h WA A AT S, drugl
only ZH/INERAAR P A WLHH T ¢ H6 4345, RGD-nano+drugl
1 RGD-nano+drug2 441 n] W2 Y4 A 43 A7 75 8 1,
SOt G DLACE AR I AR I O0 T R, 1R
Tyr-RGD-PEG-PEI/siRNA 1] = % Hh 4 o 43 A5 75 988 44
W, HAT BAF R 1) o nano-drugl ZH R W96 5% 9 A
IYEL BRIEARSN, HME. B BRI N AT R R R
Kot (B 4C).

g

Bl F LA P R A0 I PR3 T 4 B A T R 1) 9
T I — A SRR A, PR SR R 254 AvastinlT A
cetuximab ™ 7E £, 355 fifi it A1 75 7 388 oo v O 3 5 2 1)
VEH, $E58 U F L iR (1 — 43R T7 254, Ixukd
SR T BRI VAT B Rk, T i A R
K71 siRNA FEARSN AT B (1) 43 740 ) AL
1A A A 1 P S2 BB, H R T ARk IR A
(1) 5% F7 B AL R i 1k 22, 40 1 5 R AN T e LA
HENG RS o Bevt— A BAT B 450 ) v ) 2 ik 24
WIS S P B0 S 1) SR N PR 2B I DY R 4 i T e
SIS AL Y L MELRENEN G

H AT g K8 A EER & 7R 59 PEIL
L OE H A (1 2 S 5 P 5 R R s 7 e AT 11 Tl R 3 14138
o LG B A P T R 2R L R R, T R (R K-
PR A, 2 fr B sk g P, 5 R
FLL A7 [ 40 RS A B P I E N A0 Y, LA R e
B R 2% S 00, {H PEIL R 5 HAT R K IR 4
MRk, BRI T NI Y . PEG 1845 PET W] 57 i He
B P K e, AT BRI EL 40 M B3 . PEG &1
AT DAk /b B A T A ) A, RE A Kk
FEAA A PRV A TRD, ] B gk 2 28 24 b oK A2 A 0
T R, b B AU Y, {2 PEG &1
PEI 5% R B IR 524 10 K 2 SR 2% o7 1) MRS v,
ANH T4 5 40 > B %) PEG-PEI HEAT 4[] 2
A T v o T T S ) e R . R TR
RGD 1] LA ii% Ak 1) 1L A5 P B2 R Jih 8 4 M SE 1 e, 5

Figure 4 Fluorescence imaging at 1 h, 24 h and 48 h after injection drug. A: 1 h after injection drug. Chart shows that the blank
group without any fluorescence. Fluorescence of drug only group can be seen everywhere with the systemic blood distribution.
Fluorescence of RGD-nano+drugl and RGD-nano+drug?2 groups mainly distribute in the tumor, also some in liver, stomach, kidneys and
other organs. Nano-drugl group can be seen scattered fluorescent distribution. B: 24 h after drug injection. Mice of drug only group
have not any fluorescence detection at 24 h. Fluorescence of RGD-nano+drugl and RGD-nano+drug2 groups focuses on the mass of
tumor, and liver, stomach, nano-drugl group shows that the distribution of fluorescence is still scattered, with the exception of the tumor,
the liver, stomach, kidneys and lungs have a large number of fluorescent distribution. ~C: 48 h after drug injection, drug only group still
has not any fluorescence detected. Fluorescence of RGD-nano+drugl and RGD-nano+drug2 groups can be detected in the mass of
tumor only, fluorescence can be detected in tumor, liver, lung and stomach in nano-drugl group
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Fee g, I o 0 I A P B 40 L el T 52 T R 1)
VEGF &5 41 i 57 el A T AR ES, B AR LAt
A, P ML A P B A0 U S AR AL T AR VR AR A, DR
RGD H A7 /R I iR R 5 8 1) 7 H « 2R FLJIK RGD J&
EARF RGD Rtk Jemt BN T Tyr-Lys BN &I
BRI T IR, %IRRT LASE 25 5 5 PEG Falfl %+ .
AN L N R 20 25 G S0 R B, AR S0 o & 1
Tyr-RGD-PEG-PEI 4K# & (HARZ) 145 nm), A5
RGD a4 & W AN B o IZAUKREAR S
sIRNA [A]FEAT B ) 455 80%, 2AN/P > 2.5 10, $Eir
100%1] siRNA A4 AK T EY) e, JF H¥ gk
HAEWSMRRAFETEETHE 30 min J5, Wl
LB IR F AR 3%, RN B PEWT 9T 3 W i% 40
KEARBAT I B4 M RE Pk

B 9 R W, Tyr-RGD 40 Ji] [1) 44 oK % 14
PEG-PEL M NZWWAN G, FESMIERAALN,
I JC RGD HLL[a] ({144 K 4 /& PEG-PEI W% T 43 Aii 46 i
AN, 3B Z A eI . ISRy, Al T
M2 A FH 25 )5 9l 0 N2 2R N B, 24 h S AR
FEARW AR -

PEG K Tyr-RGD &4 ¥] PEI 44K 2k 1A H A7 &5
FIRRE . IR AW B 265 s S AR A e 4
PR TR P A A A RT RO LR 25 I
FC AR 2 e v TT I — AN R A TR A
Bk
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