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Current status of non-viral siRNA vectors for therapy of cancers
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[Abstract | 1In the recent years , siRNA has been widely used as effector molecule in the field of gene therapy for cancer .
In order to achieve ideal treatment effect , the key factor is to find safe, efficient, stable and controllable gene vectors . The
commonly used vectors include viral and non-viral vectors . The non-viral gene vector has superiority of low toxicity , bare im-
munogenicity , simple to manufacture and high capacity which have been taken as the highlight of the research of carrier of gene

drugs . Based on the study of the previous researchers , this study reviewed the prevalence study of the former carriers in the de -

livery system of siRNA from the point of pharmaceutics .

[Key words ] RNAi; siRNA ; tumor; gene therapy ; non-viral vector

RNA T4 (RNA interference, RNAi)F AR &
FEAEHE b I A e BE LR <7 1Y B XS RN A (double-
stranded RN A .dsRNA)IEL AR mRNA =80k
SRS . R RN AL HR o] i i ANk
NIEYE dsRNA 75 S N IEELIEDN B9 mRN A [ 45
SEPERAI IR LN AT AR R AR E R
TR AL R YT B R D RE IR R S A% et
R BITIE S, iR B A R PR A DD
RN AT FRWHBN g 2 AR e 55 AT B A
A REBUF W EERE A T7 10 2 — . AE[RII T siR-
NA TEA YA B 2 B TR e At L ' /N BRAFAE 1Y)
PEIIERRSON L LA M siRNA (1) G o S ROSF R A
AR 5 ot [ A 268 B Ay 0 f P A AR LS, 8T L

(fEHEN] £ wBEHSE R TIT RN RS .
E-mail ; wang568855641@ 163 .com

CEFESE] W 0 RIS Bk S0 B9 I 2 R i e
A .E-mail ; yangfengl1008@ 126 .com

il siRN A 7 5 31 A 50 20 2R 40 2 H i 5z
RN A T B4 R A AL 2 3 40 245 791 27 el )
WAL

HOULI sIRN A 8443 A 25 2 A R 7 20
PRPIRZE . 5 B8 48 DAY A /)y B30 3 Si s
(murine retroviruses ). 2 )5 £ (entiviruses ) A1 I 4
FHHEEE (adeno-associated virus )RS  H AT
RO AR [R] A7 78 RS i 2 PRME | G2 2 =
JIN RS 25 A W e A PR A I L BRI T N
AR S AR R A A (R AR S e Sk | i
AT 5 H AR A8 AMIE R R B AL G I HLE
B PR R/ N ISR AZ BRI S 5 R e, 2 HATAIA
MPER siRNA #ifk, ©32] ZHFFM siRNA JE
TR TR AL P TR B A SR B A R e T
REY PHESF Z RTINS, A SCA 27
FHYMABEXT IR siRN A JE5 2 4 1A i BIF 58 BRI
Tr& 3k, I f] B 48 A i 8 16 7 4008 1) 40 20
M.



sk 2015 4F 11 A 25 HES 33 #5465 6 1]
Journal of Pharmaceutical Practice ,Vol .33, No .6 ,November 25,2015 499

1 PHEFREBIE R AR B3l

FH S F B8 A (cationic liposome ) SEA Ho il &
7 R T AT R | G U IR AT R A SRR AT L E
BM R TN T2 B — AR d R 38k, BHE T
i Jo A 8 2 Pl Y I A AR A v A Bl 28 41
B, Y IE R A I 205 W38 0 o0 BH S 73k 30 L i 22
W GERERRNET K RS 4 A, SRS
RIS T RE RN 2 40 A
FE IR PSSk LU TR R i R SR B ) G sl R
 HANMREEAR Y, 2R T L = B E T
FREEFIVER Y 7 AT R BRI 4T 5 PR T3k 5k
SR SIRN A BRSO IR 2k B8, 3 J 5
Tk iz el | S0 P T e i 46 A 2 ke I e e L ] A 114
L, BK R R S E R R NG R A M AR TR
SEYLORFNAN M e . F 98 SR T A K 10 g
T e AR 7 L P v L R L 3 TR A e R
210, Han 28 LI [ A AR 01 A B S R
FIE K R A T I S R ALY siRNA &3 R
G5 BEIN T AESEOT A0 . Maslov 2 AT
UK iz Jg 338, JOEL oy i, 2 35 P R Ay P4k L6
ANV ER B SR Gemini 2 5 VEBH 25 RS T 78
PRI ELA B I Ok . 8 WLl B B2t 4
MBS R BERE (DOPE)  BENEBEAR S (PC ), IH
L (Chol A AEMSAC BIFE IR By T2 B
B FAR R RER

2 HBETEZEY

2.1 RLHLRE RIBEWHE (polyethylenimine
PEI )J& Hajiz f&ch) 2 M HE F 2Ry Rt
PRl s %% P “ bR SR AR R AR BRAR R T BOE
R AT SRR GE L s ME OB R AR R e 25 B 0T
B RERFERICE &Y., EEWN L
BT HELAT T K A 2% phBE R T AR RN
FEAS pH {H I NIRRT S 2 AN
(HE AR IR LRI, KA 3851 1 [l
S CL I S BOR TR i 2L TR N A 1)
SR 2GR A

HJ2& PEI HAT B0 40 i 2P BR i 7 H 0w T
IR H I A2 B 55 vk s HorkRe . fln 78
PEI B4 PEG HE 0] RN S Wi R i
{547 siRNA %32 M fi#, Kim %7 5T PEI-g-
PEG-RGD /siRNA E&W) 1E 2000 i & 3% T g
ALt E 588 6 h LU XA F T ESWAT
S TR] A VR 2k PR 220 1 /il EE (N /

PO(E & A9 2 107 1F f PR3 i, R ek e 40 it i)
B, Malek % %58 T PEI-PEG /siRNA & &
Y/ NRAR N 25 82 S EORA U0 A AR s
BN /PG A WA 235 | Ee 2 40 M 5 A Fnis
MG OB B N /P ABAE 9730 Z[A], Xia %
FIH & i1 PEI(ss-PEDSZF T hTERT siR-
NA FBERE 40 N B LB T hTERT mRNA
K hTERT #& [ RIEAKT SRS T vbr Bl 00 75 1
T HepG2 4UMEry A , W& 7 AT L [R]
B ss-PEL FI I ARMR AR S A B2

22 WRREESD  RBEMAEHIR K 73 F (poly-
amidoamine dendrimer ,PAMAM )FEA A IEH,
ARSI Be A RS I R 46 1% 2 LB 1E siRNA il
il AERRIE S TR siRNA, PAMAM EoA K&
AR AL BT AE I X 5L R AT et mT LA
FHANFEPERRIRCAR K. AR R EA
WK PAMAM 254 siRNA J5 P F i o 45 40 31
PAMAM-siRNA E&5Y) S5 S0I7 2598 itk
ARG SRRIZGNERAYY HAY, Biswas %8
HEM T G (4)-D-PEG-(2K »DOPE = g Bi 3L &
Y A3 siRNA J5 L) PEG-PE IR 4038 45 5
7N GHEE T AR XT siRNA B 15 HORN ] 25 2% A £, &
RXFITZ95 siRNA 388 697 £ 251
PR T R AR, Peres 45 HIIA
KU 4 siRNA 1 PAMAM B4 YH %
VIS PR o 1) ] S i A s e o B
A B R IR R T

23 RHABR R (polylysine . PLL)ZHK
PR IR SR 1 R G AR R S R A P gl AT
WIR R Z—. PLL M4 F 0940 5 1k
J& JRES AR S A A A RV i g
FREGF I A AR 25 e AN mT R fe bk, B AR R 2L
PEG .5 2 — s HI ik (M PEG )& K MM 8 5
RAR-FIL L RILE Y (PLGA B K, PEG-PLGA-
PLL =i B Y R 2L b IT 259 5 siRNA
AIE I, Ambardekar 25 ] 46 T HH & B3 6 i
f) siRNA 5 PEG-PLL # & &% (Chol-siRNA-
PEG-PLL) AP 11T siRNA () - 18580 1 %
mRNA FIHIBCR, Christie Z° G T £ 91 #E
) PEG-PLL : R ¥y, i o # £ % Ik RCD JiK
(cRGD ) 38 i1 HC 7 ik 3 4 280 Ay 588 41 R0 vk 8 400 i 1)
B A TR TR AR

3 RRBHTHR

3.1 EFEAE Mumper ™ T 1995 4E 5 YOk B0



2SR ARE 2015 4F 11 1 25 HEB 33 5% 6 ]
500 Journal of Pharmaceutical Practice,Vol .33, No .6 ,November 25,2015

(chitosan ,CS YHVEIRRFEIL R 04k, 5T RPHRE K
SRIGBIEZHE A R0 AR AR 2 | AT R
MRS 2 e 0 (HFR R T s 2 S
L YCRAR A FHSCOR AN B3, HAT W H
VERRR A Te R AT AR 9 i ik 5 R
Bl R RLFERNE PEG LIRS R -« R O
MR A e AL e M, Zhou S5 T
— PR TR 2R R B AR 55T PG L iE
A4S A9 R EERE R AL AR A k-CS i
T siIRNA B 325 7 CS/siRNA FORE YL %R,
Pezzoli Z- W BIN T 7 MERCRA R B 7 B R
LR ALY 45 R B N /P=30 Y Chi-g-bPEI
HYLHORY PELAHY (O40 B PERAK.

3.2 MM IR (eyclodextrin ,CD )& FAETE
WA AT PR A R PR S A MR L R B E T T
AR — RGN ARAC R ME A PR, 2009 4F , Davis
SENE YR T PR (AR siRN A 5 1 R 17 4
KRG RIRIGTFSY . Hu 27 R B E AR &
5 siRNA 19 PEI-CD W& R4 45 R WoR /A
HEH Z 045G %035 10% ,siRNA W7E N/P=5 if
BTl 46 A YRR 300 nm Zeta LA 2+
8 mV WRINSZG A 7R H R A A3 g A K S
MIPER . Boe 257 FIFHEAL2E AL A (photo-
chemical internalization ,PCI )& siRN A-F ik
BEYINFEN R IL  PCR 245 51 B R  JE K UTER
BOR Ry 8006 ~ 9000 HAEME B NIAIR S h f& S T
R FE R ICR

4 HYHREZFRRAK

A ZE AR (cell-penetrating peptides ,CPP )&
— S H AR R A0 55 25 325 B8 ) 1) 22 0K LR A 4
TAT MPG, PEP-1, A5 22 25 , REAE 1k 4 Jfg 45
H T IR IR B o AR A L 451
REH CPPLIRE & H Sl S e & Hrh
Tl IR A B, HA RS S 0 i B AT M
Bt WEWRIE | Ji FTIRERE G

N G e Gl B o 7 (HIV-1) 1 52 5080 28 1
(trans-activator transcription , TAT )BE & &L, Pk
bt A i 5 LRl G 338 1 AR T 22 A
STMIICHT . Fang 55 A B T %t U4 P B2 41
73248 1 (VEGFR-1) BA7 i 32 A 17 2 2K R
Ik AT B9 TAT-AT K IFHS siRNA Fe Qe AN
HepG2 4iil. Choi 5" 7E/IN MK Py S h 3L
R SR R AT A 2L 8 siRNA JFEN T
fiiged  ELAVR T A A B AE R T (VEG )R IA,

AR & BRI iRGD ) £ Ik (CRGDK /RGPDC)TE
HABAERZME o s S TIEEN R B 348 7T 5
MR MY NRP-1 Z A0 EAE A5 40 28 %
RN IR 2 W% ik 10 A MR A0 S W 3 T
e — 2 ZE R

5 FTHLAKHL

TCHLAAKAT R 75 1) B0, BA R B AE AR A
PEFIATREARE Ao PELF A R A RE s
4 AP RLIR o 2 AL IR B R T AT A H ]
TEFEANM N Rk, HATOF R 2 0 Ol Bk £ %
A FEIEBE K A N KIBORE (hydroxyapatite nanopar-
ticles ,HAP) 1L A AL iE YK UKL (mseoporous
silica nanoparticles ,M SN ) @M S8 AL IORL AN 4 24
KRS, HAP 2= NS A% B 28 A B 325
g0 3TN Cao (PO« s (OH ) A BAF A1)
FIZEE TZE A A4 siRNA SCBLBAREIA, Liang
S5 HAP BB AT STATS 9 siRNA L 1T BHLIB
STAT3 5 5 18 % , /)N BUAT 51 i i 988 4 4 b 1Y
STAT3 R H T Bel-2, VEGF FI4H i J& 10
FI A ER G0 I, MSN & —2a P HEF Y
I ALEEHE B RARTEDN AR W TCHLAE S JE AR B
AR R AL, W S AT R
URERE B , /T ] T — 2 i fe s & i, ), Li
BT PEL 5 ELS BB M B #EPE MSN (M-
MSN_siRNA@ PEI-KALA) MSMI ] A549 4
BORRAF, BLAh ZEZBWXT VEGE HA B
RNA THEAEFT I8 P 5o nT i A g 1t 46 7
A

6 DHEERE

siRNA 254 5 T5 5 S BUAE 7= N FH RS
SEN. HET RN AL SR E RN T8 P20
P AP B R A B T g 7 JE e
IIREERF P (AT T ST, (H  F AT T b
IR SIRNA 254 2040 Film PRI B B
Al FLIE B TS —E R,

B ) 5 PR AL B AR A i R TR ) AN RS
AT AR BIFTERLRT RN AT KSR R R AL
PETHAT T ROR I SR 5 2R AL R A 2 4
peSie SISPEVRE 7/ E I BN WU R R Y S Y 8N
SRR B A A R BB AN I M B e Bk A
BHEST-REW Bl & 2K TCHLARRL A D BAAR 1Y
PEAMAEB BRI, ANFTRIHT X LebF T R % 4
R T LI R BE AL 1 R GRS R AT



2y AR

2015 4 11 A 25 HEE 33 B4 6 44

Journal of Pharmaceutical Practice ,Vol .33, No .6 ,November 25,2015

501

FEHUN

OSSN o

BRI 2 A1 5T RNA JBYT 1A PR L

il RO R A TG R Z 2550 BURIR B
NV 2401 F)BELA: e S It 288 07 55 ) BT o i — 2Pk
TSP,

(&% k]

(1]

(2]

(3]

(4]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

David S, Pitard B, Benoit JP, et al. Non-viral nanosystems
for systemic siRNA delivery [J ]. Pharmacol Res, 2010,62
(2):100-114 .

Tiemann K, Rossi JJ. RNAi-based therapeutics-current sta-
tus , challenges and prospects [J ].EMBO Mol Med, 2009, 1
(3); 142-151.

Liu W, Chen JM . Progress in studies of the structure-activity
relationship of cationic lipid-mediated gene delivery [J].Chin J
New Drug, 2011,20( 20), 1975-1980.

Yang ST, Zaitseva E , Chernomordik LV , et al . Cell-penetrat-
ing peptide induces leaky fusion of liposomes containing late
endosome-specific anionic lipid [J ].Biophys J,2010, 99 (8).
2525-2533.

Han SE, Kang H, Shim GY , et al . Novel cationic cholesterol
derivative-based liposomes for serum-enhanced delivery of
siRNA[J].Int J Pharm, 2008 ,353(1-2); 260-269 .

Maslov M A , Kabilova TO , Petukhov IA , et al . Novel choles-
terol spermine conjugates provide efficient cellular delivery of
plasmid DNA and small interfering RNA [J].J Control Re-
lease , 2012, 160(2) . 182-193

Kim J, Kim SW, W Kim WJ. PEl-g-PEG-RGD /small inter-
ference RN A polyplex-mediated silencing of vascular endothe-
lial growth factor receptor and its potential as an anti-angio-
genic tumor therapeutic strategy [J ].Oligonucleotides , 2011,
21(2);101-107 .

Malek A, Czubayko F, Aigner A . PEG grafting of polyethyl-
enimine (PEI) exerts different effects on DNA transfection
and siRNA-induced gene targeting efficacy [J].J Drug Tar-
get, 2008, 16(2) . 124-139.

Xia W, Wang P, Lin C, et al . Bioreducible polyethylenimine-
delivered siRNA targeting human telomerase reverse tran-
scriptase inhibits HepG 2 cell growth invitro and invivo[J].
J Control Release , 2012, 157(3) . 427-436 .

Yu T, Liu X. Bolcato-Bellemin AL ,et al. An amphiphilic
dendrimer for effective delivery of small interfering RNA and
gene silencing in vitro and in vivo [J].Angew Chem Int Ed
Engl, 2012 ,51(34) . 8478-8484 .

Biswas S, Deshpande PP, Navarro GS, et al . Lipid modified
triblock PAM AM-based nanocarriers for siRNA drug co-de-
livery[J].Biomaterials , 2013, 34(4). 1289-12301 .

Perez AP, Mundina-Weilenmann C, Romero EL, et al. In-
creased brain radioactivity by intranasalP-labeled siRNA den-
driplexes within in situ-forming mucoadhesive gels [J ].Int ]

Nanomedicine , 2012, 7, 1373-1385 .

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[26]

Liu P, Yu H,Sun Y, et al. A mPEG-PLGA-b-PLL copoly-
mer carrier for adriamycin and siRNA delivery [J ].Biomateri-
als, 2012, 33(17); 4403-4412.

Ambardekar VV , Wakaskar RR, Sharma B, et al . The effi-
cacy of nuclease-resistant Chol-siRNA in primary breast
tumors following complexation with PLL-PEG (5K )[J ].Bio-
materials , 2013 .4839-4848 .

Christie RJ , Matsumoto Y , Miyata K, et al . Targeted poly-
meric micelles for siRNA treatment of experimental cancer by
intravenous injection [ J ]. ACS Nano, 2012, 6 (6), 5174~
5189.

Mumper RJ, Wang J. Claspel JM, et al. Novel polymeric
condensing carriers for gene delivery [J ].Symp Controlled
Rel ,1995, 22,178

Zhou SM , Kong FQ, Sun B, et al. Phosphorylatable short
peptide conjugated low molecular weight chitosan for efficient
siRNA delivery and target gene silencing [J].Chin J Biochem
Molecul Biol, 2011, 27(10); 980-986 .

Pezzoli D, Olimpieri F, Malloggi C, et al. Chitosan-graft-
branched polyethylenimine copolymers :
grafting on transfection behavior[J ].PLoS One, 2012, 7(4) .
e34711 .

influence of degree of

Davis ME. The first targeted delivery of siRNA in humans
via a self-assembling . cyclodextrin polymer-based nanoparti-
cle: from concept to clinic[J].Mol Pharm . 2009 . 6(3) . 659-
668 .
Hu T .N, Wang QW , Jin X , et al . Anticancer effect of trip-
tolide-polyethylenimine-cyclodextrin in vitro [J].] Zhejiang
Univ (Med Sci), 2012, 41(6); 610-619.
Boe SL, Longva AS, Hovig E . Cyclodextrin-containing poly-
mer delivery system for light-directed siRNA gene silencing
[J].0ligonucleotides , 2010, 20(4) . 175-182..
Fang B, Jiang L, Zhang M et al. A novel cell-penetrating
peptide TAT-A1 delivers siRNA into tumor cells selectively
[J].Biochimie , 2013, 95(2); 251-257 .
Choi YS, Lee JY, Suh JS, et al. The systemic delivery of
siRNAs by a cell penetrating peptide , low molecular weight
protamine[]] .Biomaterials , 2010, 31(6), 1429-1443 .
Alberici L, Roth L, Sugahara KN, et al . De novo design of a
tumor-penetrating peptide [ J . Cancer Res, 2013, 73 (2).
804-812 .
Lin D, Cheng Q, Jiang Q , et al . Intracellular cleavable poly
(2-dimethylaminoethyl methacrylate ) functionalized meso-
porous silica nanoparticles for efficient siRNA delivery in
vitro and inwvivo[]].Nanoscale, 2013 .5, 4291-4301 .
Li X, Chen Y, Wang M , et al. A mesoporous silica nanopar-
ticle-PEI-fusogenic peptide system for siRNA delivery in
cancer therapy [J].Biomaterials , 2013, 34(4); 1391-1401 .
(ks EHA] 2014-02-21 [fEEHH] 2015-03-05
(A #HEE ]





