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Nucleic acid drug delivery strategies without the lysosomal pathway
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Abstract By regulating gene expression, nucleic acid drugs functioning in the cytoplasm or nucleus are of great
significance in the treatment of acquired or inherited diseases and vaccine development. A variety of nucleic acid
delivery vectors currently developed are suffering from low transfection efficiency due to endosome/lysosome
entrapment. This paper introduces and summarizes the nucleic acid delivery strategies that bypass the endosomal/
lysosomal pathway, including membrane translocation, membrane fusion, receptor/transporter-mediated non-
endocytic uptake and caveolae-mediated endocytosis, and discusses the problems and challenges facing such
strategies, aiming to facilitate the development of intracellular delivery of nucleic acid drugs bypassing lysosomal
pathway.
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Figure 1 Schematic illustration of intracellular delivery strategies for nucleic acid drugs without endosome/lysosome pathway
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Figure 3 Schematic illustration of the synthesis of the cell penetrating polymers and the cellular internalization of the PTn-R2-C6/pDNA polyplex

through direct translocation mechanism'®!
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Figure 4 Schematic illustration of direct translocation mechanism of
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Figure 8 Schematic showing of VSVG decorated M1 EV to deliver siRNA through membrane fusion for cancer immunotherapy

Tumor cells

2, T BT AN KR R A0 i T B AT
s, T D6 A7 200 L FSEAG Tt 265 Sy R, DR b2 5 s 1) £
P FH T BE 22 21 BRI

A0 9 75 -5 1 2 A0 ] A 1 S il £
B IE R A e AN . FIAKE IS e T S
R BT A LA & Bl B BT B T B4 B T s %
FLR Y HGE B T AR et T e,
FUK LA S R A T RE 08 2 Al B FUHB I 7
iR I 55 2% T DA+ EEASE 01096 75 1) il 5 9 oKobL T o
GERIEREST S I EE LG R 7 AR BEAR AR Ak (n
pH BEAR) AR T & AR A AR Ak, N5 4
5 5 240 R R 0% Rl T 5 1 352 4% ) JB A 4 i
Farh o KSR ARG TR R SEHE F G(VSVG) & — A
pH i B P B A 2R L B VSVG B ifiifE M1 LR
I £ e A R ) A0 i AR I (B Vs ) T - S 28 bt -PD-
L1 siRNA (siRNA@V-M1 EV) , A ] T o8 #2896
J7 (& 8) . HF M1 EVHA KR IR IH I fE,
siRNA@V-M1 EV ] #8 ] Jlrsgg 55 057, 75 2 P Mo 9o 1k
WEE, VSVG A2 A & Rl A 2 fl % 15 il
A 75 siRNA 259 L)L AE N A R0 Jr =Xk 4 g
T IO 43 1T i Je8 4 B B 5T o 1T siRNA@lipo 5
PSR R 3 i R B (R S a2 0 . 7F CT26 45
S i g A | siRNA@V-M1 EV A 2% U1 %k PD-L1

Electroporation e o
—_—) N -/ X
SiPD-L1 y¥hiy®* » > | &
e 9 ¥

- .}f«.“ e
~ LLPHRS
N
~
~)

siPD-L1@V-M1 EV

) Activation [ Angj. :,
>
\ W %
//’ =

CD8' T cell

=
Z
=]
Tumor cell death

S

Repolarization <‘

—_— S
\' 7 Ny
e o

M2 macrophage

M1 macrophage
48]



F 54 EH 1 B, A5 - B R A IR AR ) R R 24 ) e SR 43

FEDR, 38 CD8* T 4 i 52 e A1 TFN-y 433 , 4% i
Je8 DX 35 9 M2 254 [ 005 240 i B A 6 ol MY A R
il fefEg sl VSVG A8 ELA pH i 1 A998 7 fil
H B AR T LK R R 25 W s S vk i 3% 2 e
ZH BN ST HB A A pH I A Y95 HZH 21 (B AN Y
I B 2R AW E M S R v T RE ST K e
() G ST, 155 38 36 R

2) R ) BEASAR A Ay 200 P ) 2 R
Z— B K /NGy R E ) 5 3L 2l 4 A i
A . AMERREZY S M E BRI 455 )5, 1T
G NFER, BEEARE Y. @it s
siRINA 5 1 A H 06 11 b2 b 265 IR i e - 2, %, O
TE siRNA [ AUR eSS itk A 21545 (siRNA 5
S ELBI 290 1:6) , AT DL B G M i siRNA (154
i F M I 388 58 55 200 B %) A VR il siRNA LA
Ak PN A 114 7 X34 50 R S o3 A 1 M s
LA 15E AN I [ i 53T () siRNA (Chol-siRNA)
TEYH M N 52 B0 mOR S A1, 5 BRI 7 5, HL Ay
A/ S H 38 Ao IR B T YR T
S A AT B A HE AN IR B BEAR S, v T BB
LS5 328 326 AH X 4 BT A/ (< 60 kD) I 2 1 5T
ANSZ A BT B R A R 2 g BR A0 o S Al I
RS A6 1 114 3R s DI 7 T 245 4 2R A7 S A8, ok A G
A )T X S T (EL 122 SR s R A R R AR G 43
TR BN R SR 25, BN BAT 804
JLRE S o
2.3 B BRAR A0 B Rk A

Rotello SR T & T HH 2 R 2 R D) g £k 1)
L DK IFRL (Arg-AuNP) 52 55 4 B VI R A% 44 1l 1Y
YK UKL AR SE 1Y 9K B % (NPSCs ) o NPSCs 19 %2
SETE A T Arg-AuNP fi4 K3 550 15 192 3t 3 A%
(AR BE 2 8] 1) 68 A I - R S AH AR A, L BB
B 5 I BH 5 A i e AR B FH L A
A EE R o 8 a5 40 MR & A B R i K AH
AR, NPSCs LI [ BEAR 61 1 7 = 28 ) K o+
T Ik M, Sk A AR AR

NPSCs A FH 1 42 i 13 3% siRNA |, ik 50 Py 14
AR (11 9) o FH il 85 B 28 2 o v R T st , sk kP
2 1 8 FH A ) dynasore I BlG FLYT K, 1 B 2%
FEAR ML PN siRNA $EHL, F2 B NPSCs/siRNA LLJH [
MRS 11 RS fal A 2o A B4 AL . NPSCs/siRNA
AT 7 % Y2k 57 Lipofectamine 2000 F =

ROERDIBRAE T, DAAFRE S5O EH F (deGEFP)
AR, NPSCs/siRNA 7£ HEK 293 4 Jifd v ik 5] 2y
90% F) B R R4 38 5[] IF NPSCs U, BE v 25035 1% 401 1)
polo FEILE 1 Y siRNA (siPLK1) 2 MDA-MB-231 41
Jrf S B AkA JE RCER A AR I AR A BRI
Z A1, NPSCs 185 FH 1 L 42 386 3% 1 % i 98 3K 4K
F-a(TNF-o) F) siRNA (si_TNF-o ) Z [ W 40 i it 3¢
o BT HLRIGYT o TEIRSL, NPSCs/si_TNF-o Ab 3
fdif5 A5 2248 (LPS) IS i RAW264. 7 1Y TNF-a 43
WAEAR L 90% . 7F LPS 175 S (/N RASE IR |
Jik 4 2% J5 NPSCs/si_TNF-o 2450 &5 R T IR,
A3 LPS FIEUS (970N BRI TNF-a 7KF-22

AT
’ Qm Cytosolic "0
:, ;4 ‘é delivery
= Ds\ —_—
Lo ‘m; >~ _Rapid siRNA release
= SIRNA Cytopl
S oplasm
0 - ”r‘)K/(\/r{ﬂ/:\/\A ytop
=M \SMO/\’)F\
Arg-AuNP
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