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Figure 1 (Color online) Structure of siRNA and the mechanism of RNAi-based gene regulation. (a) Structure of siRNA™; (b) the mechanism of

RNAI process”
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Table 1 Comparison of small molecules, protein-based drugs (including monoclonal antibodies) and siRNA drugs
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DNAY K &5 ¥ 4156 () Rl g . 0 Se4F ok A 4 )@ fid
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T Yk YRR SR AN B iR Sk . 7RSS
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afi g, AT AT E 40T DL 2 AT ey AR )
F B4 1 i U Y & TR A ) 25 5T e A
RS i ] 42 ) 2 2 235 4 S B L Dy g 1 ) ) S A
1B A IR B i A5 15 B 80Kk, DNASAEERRE
WK 25 M RISt A FCAE 247 Wy i 22 T T AT LA,
MBI R G Y . TCHLGA K BURL A8 ) AN AT LG ALY O 34
{E 1 T DNA B 22 iR — 6 4 1 19 DN A 58 21 14 171
P, T2 Rt LA P B, T R ) A e R TR A
3 BOR &8 M I DN ATE B A i Gl 5 i 4 0 A
REA B E A . SR 20 21 2 159 2 DN A G oK
SER N 1z HR A AT L IE A o9 A A B A0 B
iR L S BB A% IR 43— T e RUGEE A 48 Y g
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Table 2 Comparison of siRNA delivery vectors
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EATE LR S A YA TELF, REDIREL A, AN HEH, T REAF AR AT
HH BN T AR, A e LA
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LRI R B 2T AT T 2 eish &
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DA B Az 1y 2 Bt AR LA A 25 5 T 2t JR AT AN D £
WHAT TR PRM MR LW 5 PR
B IX ), AR SORE 3R £8 T 3 JLAF DNA G K 250 il
sIRNA % F AT AU FIUR 78 B TAE.

2 AFIRZERsIRNAZL A

2.1 DNA#KIEE

SCHK [49,54~621 3812 53t T DNAG K 458 T
UIREMEAL R 1B 2 T AT 1. 20124F, Lee A1ONESE
T H 212 ) DNA DY [ 44 7] DRk 2) M s RNA fi 2% 5
if g 240 e w00 S R iz 35 R 4 6 3K (1 2(a)). Lee 6
253018 56 K BE 1Y DNA BB 2 2 1 DU T A 45 44, 1Y
T A 1 A 2% b v (R) s — BEAZ A R P A AT LA S
STRINA 14 33ty Al 6 Fic T, AT o8 454 DU Tl 4R 405 7T L, £
#6545 siRNA. 15 3| (1% ZE 4% 1 R 41 K KL+ (oligonucleic
acid nanoparticles, ONPs)HA ¥ Wi i & i ] <) Al
S, R T AR ONPs B0 ) M, BIF 5T 3 34 1) U T 45 44
EEIAMERECAR, A A& B R Be A4 i 2 B A4 &
A7 1, %o 400 L PN 7 R R R I RSCR A — 2 T
S UG UE B 28 /D 3N MR 43 A HE X AH N Y R 3R
KPR . BEJS b 7E 3D T KBS RS A
B PR R PN R AT T AR PN 3 6 R R PR A 4 S e, R R
#5417 41 siRNA I DNA DU [ 44 7T U AT 2500 2 H b 3 1A
DGR FETE, R AT 4 i) T 48 R TFN-o7"

RN . FE T DNA DY [ {4 ) ONPs A% Ty b siRN A %
16 B [ S A I AR IS AR N SE B T X B A 2 R B DL ER
YER, R T 80 (A JE R R SO SR 2 DY Tl AR b
45 HISIRNASE 4 FR TR AE AL RN K S5 2 41, ek
T T R PO T R A £ 38 B 45 R IR Bl , A7 AE 5 Bk
Fif 2 i () ) AL, (EUAS AT AR 2, Leel TAEFTH T
DNA G} K 4544 338 25 siRNA BY KT, XI5 22 A9 A0 26 T
(R 5-9'8

% T DNA DY A, HoAth = 2 280k 45 4t 7T LA A
FsiRNAMIHI%. 20164F, Sleiman®iF¥ A BA 15 vk i
T —FF B 413 i DNA YK GE (K 2(b)), 7] LA 2
SiIRNAFFFESERZ AT BR IR 3 N SEBA SRR Bk, et
et ay Al b, 1203 TR IE A DNAG K,
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“TIEER AN, T LUK 2SI P A sIRNARE I k.
I FE A& B AT <1 P K DNAE BE T M 2 L
SAZAF IR T A, i H AT LSRR Bel-238 (K, M S ER
WEIRYE. Bel-2 2 41 o fe Fe A0 120k B2 v % 32 B 458
7, Bel-209 08 B Fe 3k 15 B I 40 B ) 7= A=, 34 51 55
BYIM . RS T H FBel-2 M Bel-xL Y L L%
HRREEVE R 14 P 9 R 45 T siRNARRE L, — A
B 0] LA Bel-2 F1 Bel-xL 1 B &3k, <117 4T H s
SIRNARE O it — 2 B R R P 9 DB, S5 i/
FHIEFFHFRET )7 7853 F/KF LIEI T 4125 (I DNA
YK GE ] LA I SiRNASEIRTT PR L R (0 A SR ik, 1t
T T AEASAN 35 40 b 33 3 S5 A BETT S B T siRNA A i
o P, B LAY R T I DN A2 4 R X 4
ZsIRNAVEAFIR I OAE &, 5 5CRTsiRNA R /EDNA
DY TR SRS ], 025 4 siRNA i A 3] 95 K 25 44
o, RS T G b R OB A R T A AR e, AR A R
T FE I AT R M. DNAYN K AR by ik %
AT AT 8, TR DNAS /D, ShiRE i nT 5, {HaN
KIEAR B J& F o BT R 254, e 3 R HE 22 45 R
DNAMEE, DNARHESIN %%, R DNAY
KIS H ARLESSH AP R ki, B5 %
P RE Y, s AR AR R e . b T i
— R AN S AR AU A @, SleimaniF 5 A BA 10!
i 2 7E DNAST 7 A 19 T0 5 5 | A B 7K 1 g I e B, )
Wiz Witk B S A E A M EAEHEH S HEA
BA. R R R MisE B A 2 ()4, E T £
57 25, B4 I 7 B BEAB i 8 8 B K b 14 5% 14 5 5 DNA
SEOTIRI S A w8, TR BURR A2 1Y (3 1 -DNAGE
TRE AW, 2 F) 2R A E Y & R e T
TR A1 A 4 i St S B 28 7K DN A 40 K 25 ) 1 i 671 2%
siRNA R E . SR AW IR 0 IR 83 R B 2%
(), DNAZ K 171 2 siRNARE 75 B 1F AU ZEIR N = 4k
P 5L PR R 45 A FH IR 5 2208 22 1) 8 4 52 30 3R A7 50 0IE,
IF) i 200 5 SR o i 226 10 R 79 i e

2.2 DNA#rdesi#

DNAJTACT7 1M 9 R 540 BAT AR 5, 2
Bl PR, 2 R KSR A S Ak I ATE 5 A4
BAIVRI FIDN AT AR I J5 ¥ B2 46 T AR R AR AR
/NBYR TR B AR AOR S5 H ] T siRNARY B, JF
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conjugated to DNA
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B2 (MR () Tibi% siRNARYDNA = 440K 404K, (a) 1 2siRNARDNAP A% RS, (b) P ESIRNALKIDNAZ A L0 % LK B

HORIEF S (o) FIML A AMLIE 1 MTIDNASL T R4 3 454410

Figure 2 (Color online) DNA three-dimensional nanostructures used for siRNA delivery. (a) Formation of siRNA-loaded DNA tetrahedron delivery
system'®; (b) schematic of responsive DNA “suitcase” for siRNA delivery'®"; (c) schematic of HSA-coated DNA nanocage to enhance the stability of

drug delivery system!®”

FARTE T AN [RIDNA G K 25 48 7 35 %k H i3 3% siRN A Y
2 (E3). WF5E P AT I i 4 T SR DNAFT 4L
ZER, 435 R 6URETE . 968 Y K 7 K (6HXx96BP-
Rect) FIE R (6Hx96BP-Th) 45 1), GURHETE . 19288 KL (1)

£ 772 (6Hx192BP-Rect) Ml K (6Hx192BP-Tb) 45 #4,
12885 58 . 960% I 1Y K J5 TE (12Hx96BP-Rect) FIEE IR
(12Hx96BP-Tb)Z5 44, DL K 12825 55 . 192883 it K 7
JE.(12Hx192BP-Rect) FI4 IR (12Hx 192BP-Tb) 4k #4).
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Figure 3 DNA origami-based siRNA delivery systems. (a) Schematic illustration of 8 DNA origami nanostructures as carriers for siRNA delivery;

(b) hybridization-based loading of anti-Bcl-2 siRNA onto DNA origami nanostructures

123 A BT 4R 4 A A L T K A DN AR 485 g
KR g H A TS A HR BT 1, S AR SE T X S AN
[i) &9 2K 235 A6 T 200 5 BB . 0 X 400 AR A 2R
£5 I SO R B AR T T B DNABR e 45 4, 4 %¢
A DNA 44§ K 45 k6 75 A [] 41 i (H1299 FIDMS53) 4 FJ
AL RICR AR S v . R EE A ATT & B[R] DR 30 o RO~ g
/INEI DN A K ABURE B R SE RS IR 0 40 K A50RE 2% 20 H3 T
A RRCR. R R U FEDNAT AR A5 f 7E
BARST, AR R 45 Be1-2 35 P 353K 1Y siRNA %5 4 5
6Hx96BP-Rect 2 14 b AT 1R RSP SE 5, 2RI H
W E YT Be1-2 mRNAFIE AR E B BOER, &
SEEETORE /N BRI 08 AR K B ] . DNAJTACZS 44 nT
BT PE, 5HE SR RE, AR T REMR &K
T B0 %) 356 3% R0 3 0 s ), H L 5 R e Ik %
SIRNARZR AR RE. HIEWMEE TS, HRETAI9K
SR 28R 34 TG 1 4 i L g, kD o)t E AL 2 1) 3
%, Bk — R R T A A n) B[R] B O TR 5T
SIRNA{P SRR 8 F 3R R m, S AN PR, Kok
AT AT % R B ) = 4EDNA & T, IF5] AR
7 TR i S T, S SiRNA AR 3P 136 1%

2.3 JETRCAMSiRNA LA

FEDNAZG KB A R FH 77 1, 3l TFDNAZ] %
BT I 2H 2 ) £ 6 90 K 45 R ) vk A ) ] B
JE S5 B M Z REVER INDNAIT AR A . ML Z T,
DNAPT4UE o= 2%, T2 a7 B S H %
ZAF YT AL F B KA A 7= 7 B, B T H e S
IRIT LR SE. Ak R FH IR 8 (B A 3 4 AR 5
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W 5 AP EFYIN 5, FEPstZTR N VI E/E T
AT LR S ok 9 3 R A D) B R G R B fER
KR, XS R BT DL 418 A S )
Y-DNABHR B #MAYY-DNAG K S50, 38 o H3 445
B R g, T LASEEE S siRN A IR gl %6, #y 2t
siIRNABE AR R . & B R 22Ul HIRCAF A A4+
) 2H 2% Sk 4l 3 ] T siRN A % (O DNA YN K 454 . B
Jii Weizmannfff 55 A BA 1 i F] FHRC A% A 45 2 1y 7=
YIVE A T4, 20 BIR FH & A 3208 35 14 J6 5% 196 6
SRR EEAE T B ALEE, M T R PEDNAYOK
T(DNR-T) 144 K77 S(DNR-S) (El4(b)) 1 T 45 %
STRN AR S BRI 41 it () 6 DR R 45 AR T . R 9 /2
YEDNR-TZ5 4 A& T M lig SPDP, 38 i:f %7 it 28 ¥ L
N R BEZ A il survivingR A iYsiRNA, Jf5 A B
TR0 ML SKOV-33F 17 JL i B % YL S0 0. SR 2 i o
iR (Real-PCR) LA K gk 4 22 W X 95 (ELIS A) &5

FRFEHH, T & K survivin I mRNA R (A £ ik
Y00 T, ESE T DNR-TA] LLAE AR 61 BH 25+ 4%
P BL T K siRN A 3% 21 4 g b & #7 55 H DT R
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TER. W5 AR & 48 1 B T DNAGOK A 25 #4 1 [,
IF HHRSE R385 AR KN, BRI AT REAT Bh
FH I R B A, 2R siRNAR A SR, BE
PR RCAKBEVEFTHT B 4N, RCAY HE K BRI 7T L)L B
1 5 81 52 siRNA U DNA G K S5/ 25 5, /8 AN [RE
SN K S5 R T siRNA %, 1 URen ™ LIRCAY
Y BRAE BN, A E E )Y 8148 — I JEDNA
S AE BT I B A B N SRR AR B KA, R
DNAZE K4 BT 4% - ) 7 3 5o 422 iR 2% 22 11 2 siRNA,
SCHLSiRNAR A R0k 1% . T A0S0, AF & E 50X
Tolr 240 K A5 455 Ky AH X T 1R 52 siRN A A7 T 47 1) 40 Jif %
YLK AN LARCAY™ 1S (4 B M BEAR, U vk 7 iR
FILAL ORI R R 2 28 5 K T DNABRTE 40 K £k 1A,
i — 255 5o A% R 2% 52 H sIRN A T 28k 78 94 K 28 141 6 1
AT S T 3RIE % R (SN A) Y siRN A 3% 2 44, )
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Figure 5 (Color online) Schematic diagram of DNA nanogel formation and siRNA delivery
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With the approval of multiple nucleic acid drugs for clinic use by FDA, we witness a revival of gene therapy in recent
years. As one of the most important drug candidates, small interfering ribonucleic acid (siRNA) plays an essential role in
gene silencing. Although a large variety of siRNA delivery systems have been developed, lack of efficient way to deliver
siRNA to target tissue remains as a hurdle that retards the translation of siRNA for clinic use. Different from traditional
cationic liposome and polymer based nano-delivery systems that load and compress the siRNA by electrostatic interac-
tion, self-assembled DNA nanostructures can be equipped with functional nucleic acids by DNA hybridization, which
further serve as vehicles for siRNA delivery. In this mini-review, first we introduce the concept of RNA interference
(RNAI) based gene silencing and emphasize the importance. It is well known that siRNA can disturb the process of
translating, silence genes, and further inhibit the expression of corresponding proteins via RNAi. However, naked siRNA
is not stable during the circulation. Besides that, it is difficult for siRNA itself to enter the cells, demanding proper gene
vehicles to assist its cellular and systemic delivery. Unlike traditional cationic carriers that are usually toxic to cells, DNA
nanostructures have been verified with excellent biocompatibility and biodegradability. Along with the rapid develop-
ment of DNA nanotechnology and tremendous DNA-based nanostructures that have been assembled, more attentions
have been paid on using DNA nanostructures as new carriers for siRNA delivery. Subsequently, we systematically sum-
marize the recent progress of DNA-based siRNA delivery systems, including their designs, structures, functions, and
various applications. For instance, DNA nanocage is one representative carrier used for siRNA delivery. Lee once as-
sembled DNA tetrahedron with 6 siRNAs on each strut and folate ligands on its surface, achieving enhanced efficiency
of siRNA delivery for both in vitro and in vivo. Sleiman group also reported a DNA “nanosuitcase” to encapsulate siR-
NA and release it upon specific trigger. By virtue of DNA origami, Ke et al. designed DNA nanoparticles to transport
siRNA and further investigated the morphology influence on cellular uptake efficiency. Moreover, taking advantage of
rolling-circle amplification (RCA) method, new DNA-based delivery systems with different shapes, including Y-DNA
structure and periodic DNA nanoribbons, were developed for siRNA delivery. Except barely loading functional siRNA
on DNA nanostructures, protecting siRNA from degradation in the new delivery systems is also important. Recently, we
also reported a crosslinked DNA hydrogel platform for siRNA delivery, in which siRNA can embedded inside the nano-
gel to avoid the enzymatic degradation. Both in vivo and in vitro results revealed that the crosslinked nanogel had excel-
lent delivery efficiency and antitumor effect in an siRNA-based therapy. Despite great advances have been achieved,
several problems remain to be solved in using DNA nanostructure for siRNA delivery. Lastly, we discuss the main chal-
lenges in this field, including the stability, immunogenicity, targeting capability, cost of the delivery vehicles and make a
brief prospect. Once these problems are nicely addressed, we believe that DNA-based gene vectors will take a huge step
toward practical use in clinic.

gene therapy, siRNA, DNA nanostructure, gene vectors
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