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T VA 478 42 DR R, T Tt A% 003 52 D09 AR ek 8 45 22 B, R BORIRIT I 71 . AT, ST RNA 250 7E 25 Ve 7 T
ATH 32 B Ax 2o DR 2 1) 2, THI IS 60, 995 e M 24 3 0 Gy P L 2 900 1) A 40 e SR P Rk i 38 25 22 7 THD Ak 0K o
RN P T IERZ R Z FRER JUR RNA 254, 1B AHEE AP %R (messenger RNA, mRNA) /N T3 A% K
1% (small interfering RNA, siRNA)/N3FHHEZIR (microRNA, miRNA) FlJ UEAZFR (antisense oligonucleotide,
ASO), K45 T HAk A AR FTALH AN TG Bk bk, MR T 6045 b 22 A2 1  IC A A 6 L 9K A TE N 1) 2 P s IR RNA 4 A
T80 106 L ST 11 356 106 BTG 5 A1) % B B FH A5 D7 T, TEIR T RINA K36 B A 1) i IR 4R oKL 5 2T 3R A W Ak S b i
Mo AR SC B AE N R A AR P9 RINA 386 16 R S i B AR 4 AT T S 2%, (22 RNA 259 I IR 4K
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Research progress of RNA drugs delivery
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Abstract: Ribonucleic acid (RNA) medicines have strong therapeutic potential for numerous rare genetic
illnesses and malignancies because of its exact programmability based on Watson-Crick base pairing principle and
unique ability to regulate gene expression. However, RNA medicines still have limitations in many areas, including
stability, half-life time, immunogenicity, organ selectivity, cellular uptake and endosomal escape efficiency despite
their great therapeutic potentials. This review briefly introduced numerous RNA medications [mostly messenger
RNA (mRNA), small interfering RNA (siRNA), microRNA (miRNA) and antisense oligonucleotide (ASO)] that have
intrigued of researchers in recent years, as well as their action mechanism in vivo. A number of delivery techniques,
such as chemical modification, ligands coupling and nanocarriers have been proposed. The manufacture and applications
of lipid nanoparticle, polymer nanoparticle and exosomes were discussed in depth. The goal of this work is to give
a theoretical foundation and design concepts for the development of effective and safe RNA delivery technology, as
well as to facilitate RNA therapeutic clinical translation.
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T 2 Pl G A M AU 1 92 993 0 2 DL 382 A s DI R
IBIT, HBEIF R kN PRSI R B S =R 2
BRI -

Wi N TR B R S 6 T4 25505

SHAL . NI T EY) (3 T E /N T 900 Da) & T

AP A AR SR SR i nliE i B B TR
5 AR WV U A 00 5 ) S TR P TR v e e 1 B
i B 1, (H LA 7 S5 R B AR AR e R RO
PEECZER . RNA 25958 T rr O 25 ATl ik B MAC 0T J5
DU, AT R H b DR i B TH I e B, TER kR B
VAR s R DR 2k, S A A MR AR 0 T .
RNA 259 i 8 s 3=\, PR O R 187 B v 2, Bk 2
AN K N = A =4 = DN e S S A T U PN
RNA 2512 AWK 52 2% 1) N H B b AT T Il 26 VF 22 36
ik, A AR e M 22 B ) 1t 55 A IR AR RS . R
i R Bk, RNA 259 4 R fx 2 RS H T I IR
1BIT

AIAH T mRNA N THALBEZER (small inter-
fering RNA, siRNA), /N 47 7 1% B #% B2 (microRNA,
miRNA) fl & 5 4% 1 B2 (antisense oligonucleotide,
ASO) HIAE AL K B IR, S 25 9 R T B4 1k
A AR R TC AR RGN K B ALE N 1) 22 FhAd P 16 5
W, DUIA R % i B8 1 R0 22 4 ) RINA A PN 386 528 57 R 42 it
PR A AN LT B
1 RNARERHLE

1 7R T AN[A 28 8 RNA [ 40 i A ML I
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mRNA EL£T M5t 9 #H BN R e B, R T
ME A BEAUTIE; SFRHRAY A S siRNA.miRNA
AN ASO %5, W] ELIZIUBR B E] 45 1% mRNA [ 5% A
B, M TR B ESOR o« A SORK H 8
7E mRNA (7 1 5 & 300~5 000 kDa) 3% H & (7
T i 4~14 kDa) 254 .
1.1 mRNA
mRNA S H i F A% HE % 2 (deoxyribonucleic acid,
DNA) [#]— 25 BEAFE MR % 55 1T R 1) L 485 2 ik R g Y
5 R AR A TR 3 RS R — R AR A
2. mRNAHLE SN (B 1a): 5lE 4544 (CAP).
5" JE 4w A% [X. (untranslated region, UTR). FF i [ 32 AFE
(open reading frame, ORF). 3% UTR. £ & If 7 & 2
t [polyadenylation tail, poly(A)]. CAP B[l 7- FF % &
(7-methylguanosine, m7G) & i = B 8 iE % &
mRNA 1) 5'%f & BB 1 25 46, 7 B T 45 S AR AR, Jik
/U241 B A S mRINA R ) A8 B s 2 A DX 79 0l
UTR [X 32 7] 1 7 80 18 2503 $ 14 S0 48 0 5 o 0 385 i
mRNA F25E 'F; ORF & 4 i4s 52 8 1 i 195 51; poly(A)
AT R RN B S AR IR AT IR 45 & 25 1 [poly(A) binding
protein, PABP] 3 5 Fl 1% X0 3 I 9 /> 1% R A0 V) g 1Y) [
fiFE™ e mRNA W] 76 48 i 57 Hh B R A oA R A i
A 7 45 HF o€ D) Be R, I8 9T 3R 5 0 A gl Rt
mRNA J7 % [ & 5 5 B Wolff 542 ) HoR ik oh i
3% mRNA (in vitro transcribed mRNA, IVT mRNA) H
VRSN N B L, D EVE SR Rk T H
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Action mechanisms of representative RNA therapeutics. Working pathways of messenger RNA (mRNA, a), small interfering

RNA (siRNA, b), microRNA (miRNA, c) and antisense oligonucleotide (ASO, d). 5'UTR: 5' Untranslated region; 3'UTR: 3' Untranslated
region; ORF: Open reading framework; RISC: RNA-induced silencing complex; TRBP: TAR RNA binding protein; AGO: Agonaute



2= PHE RNAZWISEm it e - 471 -

1. BiE mRNA BF 710 RGE 3 2, 287 O F 60 2 Fil
mRNA il 7113 NI RBF ALY B 2019 4F )i COVID-19
M5 R, 834 T mRNA 1995 1 52 B K % . 2020 4F
12 H, Pfizer-BioNTech 1 Moderna £5 2 &) A il ) mRNA
¥ Wi O J5 3k FDA % 28 % AU T COVID-19 B
1B, IX A2 mRNA 259 1) i O KRB R B, X -F
RNA Zi¥) B A B L.
1.2 BESER

BEMITFRAE T siRNA.miRNA F1 ASO 25, A 4%
S P Hh 45 A MO 5T N BT AR mRNA (pre-mRNA). mRNA .
miRNA %% 8 E S R A A, AR e L
EAMRIEL.

siRNA R UTER RNA, J& — 2K & 2 20~25 bp
F) I 2 B XUBE RNA . siRNA B 7] 76 44 4h & % 5 B 42
SO\ i, 1 R] 38 3 Y Dicer B 1) E) 40 VR XUEE RNA
JEH. siRNA BN 5 AGO (Argonaute) & H 45
AL RNA 5 FHIUTENE G4 (RNA-induced silencing
complex, RISC). [ifi J7 siRNA XUHE 143 SCHE 4% 11 &1 5F
Wi, B XBERE 0% . sIRNA JE T B L B RN X6 JR 0]
UK ) RISC iR 5l 3 BT 1) mRNA (1) 88 b5 7 51, 2 3k
mRNA FEfi, VR E 8 BB ™ A 96 97 3
B (B 16)!", Patisiran 1F N4 Bk B /> siRNA 254, T
20184FE 8 A 10 H& FDA fituk E1i7, Fl FiR)7 N
(R % FEOIR IR 2% 2 1 U R B AR PR (hATTR, 9% S0 1
TERY FE 2 R VE AR 05 AR) 5] 1 A 2 A0 LR AT .
Patisiran 4[] siRNA A 3 i 88 7] 15 5 mRNA B fi#, +F
S M R AR PR R 2R B (1 KSR, 9 AT v S R
FEER AU, B 2P 10 B 22 hATTR 3EEM,

miRNA /& — KK 20 22 nt [ E w5 B4 RNA,
FE )R R 2 0 R Y mRNA . miRNA ¥ 4%
HLH EE siIRNA B 5 2%, 8% — Fl miRNA fg [F] i 12
% mRNA, T —F mRNA 27 52 2 # miRNA 1%,
FAE R HLHE R T miRNA IR 7 51 2 3 5 mRNA
W48 &7 o B miRNA 7] 5 mRNA 1) 3'5i UTR 4%
G2 mRNA 2l 1 82 1L, 9% /> mRNA 5 PABP (1) 2%
A W 0 ) 380 3 A1 ATl o R E AGO B 1S RISC
51 & mRNA TIE] (K 1c). IEAh, miRNA & B A H 2%
T S I oA AE SRS RNA B9 D BE . JE T miRNA
FE WA IS, miRNA B & V877 I AR s
S5 2 P I 5™, B BT miRNA 25 )0t 72 34 5 RF
S . TEWH miRNA 259 3 AL miRNA B4
AIPL miRNA (antimiRs), 73 5l & 35 3 ik 55 400 1) py I P
miRNA f1E ",

ASO [ 38 N 13~25 nt, R HLE] 2 %
B i % B H (ribonuclease H, RNase H) & ¥t 74 1 qE

RNase H 4 Y (Kl 1d). i3 i1t ASO 5 mRNA H
A4, 554 RNase H 87 1] mRNA BH Wy #8 3 D #
Ja & F BRI F ASO 1 75 18] A7 BH R4 8. o 5 5% 5%, i
pre-mRNA & A= K¢ VR8T U), #0185 3 5380 85 4,
ASO 1] 3@ i # fi] mRNA 5 5 B i 1] ¥ 48 T A
BH 1E mRNA #3%". [H 1978 £ ASO I 1 I 4 & B LA
Kk, O 24 ASO 25 Ll IF R I R 4F 6 IT 2%
B . Etepliren {E 42 — AN RALH T30 97 1 IRWLE 37
AN R E (duchenne muscular dystrophy, DMD) 1] Zj 4,
AT — Pl T IR % g kX 3£ 4% 17 R (phosphoramidite
morpholino oligonucleotides, PMO), il i # [1i] 4% & pre-
mRNA )40+ 51 FA23E A AR Bk BR 3T 422, ¥ w1 20w
P 1R % HE S5l 2R B A8 D AR B0 PR B0 [RI HE BR 2%, 1148 i 45
DL A B A 25 4 A4 FABL AT R AT 58 2 Ty RE ) P UL 25 4 £
Fk R RITAE AN,

2 RNAZYIRE R 615 KBk

BT RNA 2501 B W18 N 5 B ff HLIR ORI,
H AT 35 R B K 1 R T v 5 BRI 45 24 S W b 4
2545 . RNAZY) HIES AL e B AR A0 4 & D
TR A = B, E 0] 55N 5 G5 H BORTHE 40 i
B B, T RNA 245 4 15 25 [ B b #8051 I A 15 1 #6
i (2).

RNA & A2 E M2, F 5. i 3 RNA#EA
MRS, — 053 45 AR LR 2H 200 Hh oK 2 A7 1 %
WAL IR Bl B e, 5 — 3 70 Wl I B e DBV R oAb
U5 RNA B %% 5, T #fe 3 f sz R G R )
524K (pattern recognition receptor, PRR) ¥ 5l 9 5 15
SIS . BTN AP0 MK PRR 32
B 3Fh, 73938 Toll FESZ 44 (Toll-like receptors, TLRs)-
o 2 175 S FL A T (retinoic acid inducible gene I, RIG-I)
Ff %2 #& (RLRs) Fil NOD F¥ 52 f& (NOD-like receptors,
NLRs). TLRsf77ET G4l it o i b, vl 5 7= 4
Tz, Hor TLR3 XU RNA; TLR7 A TLR8 iR
FAHE RNA; TLRO R 7] & A7 JE B 35 4 1) i s ng 5 W vy
TR, 1 RLRs A1 NLRs 7775 T 5 28 41 il (4 41 g
Joa e, R 40 5 ) XEE RNAMY. PRRs /& RNA
LI 5 i RN, R 2 20 R R U, W
BIERG, HRAMMI T, RNAAS G &4 K&
1, 38 AN LA 8 A RN 2 2R e e, St DA PR K
2. P RNA I 2 57 K531, 0 20t 4 i 35 1
HAMNMFHNEHEANGE. Y RNAFA RN S, &
i o I AR BRI ) I BTy =TT e HE N A B R 4
253, WHFLR B, RNA 2459 B IR NIk AR B 2 L
PRBETI, B X T RAZ M 1) RNA 259 2 A M 24058
(/INT 1%) fig A\ P A/ T A w26 3t i3E N 40 0T, 466 K
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Figure 2 Challenges encountered in vivo after RNA drug administration. Systemic challenges: Direct clearance by the kidney, re-target

toxicity of drug accumulation in non-target organs, nuclease clearance, immune response activated by immune cells. Cellular challenges:

RNA drugs need to enter the cells and undergo endosomal escape to exert their biological effects

043 AT iy B TE P9 AR Tl AR R U, TR RNA 2454 75 i
P F) 200 7 568 FEE X B 75 i 25 TR A Ak T A
3 RNAZGHIRRIS X SRR

B SCHTIR, RNA 4 1 25 F RS0 & 2 s e
P2 2 T WA % SR v R 5 L HE N R 2D
o PR, BRiE e fh S AR 0 RNA B e P R 50 5% iR
PEAL, I 7 AR SR AR N IR RS . AT
RNA F5 - [#1 2 F I R 0] 43 Dy A 25 503 R0 4 22 o5 v
K7 Ia), 3 ] B el L [E R T RNA 2 F 1Ak N 4
SEPERVRE B LA AN B R . H AT TR
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B AN G KB LA o
3.1 KEE

RNA J2 BH B R H 42 - A% B R0 6 255 g i 1) K 4
(1 3a), xF &3 20 30 AT 4b 248 0 BT 38 in 3 g AR
PR AZ IR 5 R A RIS IS g R G R
(K 3b~e),

RNA [ R 48 (B 3a) AW AZ I8 Wi DO 4 i, &
HAM KRR FZEHIF R 55— RNA S 5K
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Figure 3 Schematic diagram of chemical modifications commonly used in RNA drugs. a: RNA; b: Modification of phosphate backbone
[phosphorothioate (PS) RNA]; c: Substitution of ribose 2'-OH (2'-OMe, 2'-MOE, 2'-F); d: Modification of ribose structure [locked nucleic
acid (LNA), peptide nucleic acid (PNA), phosphoramidite morpholino oligonucleotides (PMO)]; e: Modification of base (5-methylcytidine,

S-methyluridine)
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I AENF A . BRACEEER (phosphorothioate, PS) MUii /&
H Al & % 4 = 210 (B 3b) PS duit B i &
RNA A% BR B do v, 38 5 . i A e 1%, JF mlad i 2
fen FL 5 R B 2 A 0 R B RIS B, ZE K RNA
PR PR (8], (BB B 7R R B, DL PS oUE Ja 1 i
R A B siRNA AR B T 45 5 R R 48 00UE 1Y) siRNA,
TEVERREAC . Rl RR AR 4 FL A DL T PS B % H R
) B A5 DA 21 RNA 24590 13 1 B Ak 9 A e ot
Ak, PS B 2> FH S A RNA 5 5 B AN AR T 51 1)
gt DRAT) 75 38 0 At 2R B AL 2B M R 2l Y

A RNA B S nS = 22 [l G iz 0 2'- 32 FR AT il
HATE M . H W7 R 2-E - A L (2-oxy-
methoxyethyl, 2'-MOE). 2'- H % % (2'-methoxy,
2'-OMe). 2'- %, (2'-fluorine, 2'-F) &' (& 3¢). X L&f&
T AN H BE 3G N RNA B A% 2 i 1 52, 33t 1T 2~ 52
H AR T 36— AR PSR, 48 232 JE A SB 1 ) 1) /)N
IR 250 B A B /N B 1 AN BE 5 1) T AMZ IR e 45
Re M. S —J5 i, AW URIE, 75 siRNA H4FE L E
BEAT 2'- R HEAZ 1 TV R AE H A% mRNA # A ) RISC
In#k M Ut BRVE S, Jb siRNA i B8-S 250 35 81 4E FY,
IEAME R TEFR, X A% BE3EAT 2'-OMe B4 ] 8 55 15 3 1
FaZe R A, FEE AR PE RNA ) o s ik i >

5 =X RNA 2 5 i A2 i i o0 A% 0 45 0 6 il
B, WAB I 7 Z A FE A% IR (locked nucleic
acid, LNA). ik # B (peptide nucleic acid, PNA) Al
PMO %5 (1 3d)"™. LNA & & Hr e SO L 1) & ik
PLBRFRAUD . LNARZHE S5 1) 2'-O A A1 47 38 5 4T
R L e I R A B I A I R o H T AL
W B BRI BR 1, LNA R 2 S¥ IR 5 45 6 T A 7
SRR E 1) A B UBE A, DRI 0 B 5 R0 EL AR B TR
1R T B A A, FF Be B S BT T AR XUEE 1) AR
58 PE A PR B B 36 PEP. PNA J& — Fh DL £ ik B 224
U HUAC RNA KE B B2 3 55 M AX BR S, JL R g nd A
W I i 2 1) G o I R R R R Y BEAHERT . PMO T
F2 LL7S 70 M bk R AR 70 A% B A BE A% R SR B
PNA F1 PMO Bt B 7] 05 A% R B FE bR SR N ) X TR I
PUIEA 25BN T3 . {H i T PNA A1 PMO y i
P, 5 1% 2 25 A RE 7D 5911 20 4 B NETE B, P 3 L
i, DAty gk — el 5 R L 2K IS E AR B R A
iy H A A S 25 A AR s N R

HAR RNA 808 O 4 2 UGk, Ak N i sZ2 475 A
HUAR, ST — 25 JT ROBT 9% . Kariko 45°1E 2005 4F:
FEHB R (C) B 5-H R M (m5C) BUK R
(U) & NIRRT () DL Bt g% R 4R 0 (B 3e).
m5C. y S5 AL S U0 B S & A\ A& 9 RNA R 28 B 47,

FEANJEPE RNA 18] A m5C .y 25 4k 248 i Bl 3 7T 920>
A G 22 88 PRRs (1938 51 A1 i 452 7 385 e o7 B4 AR v
S LR A AL P 40 BRL - A AR bR e A e PR R T X
A% TR 11 W IR RS R AT S 4, 0F 78 3 4 ke
A% TR e A 25 M R AT Ak s AR TH S AE W 22 Th e
LA mRNA M, AT 7 fil & bRk 2 A5 4 i adh 55 ms 11 3
fiti b, 3 — DAL mRNA 57 71 F 45 7 DL 5 HL AR e 1t
TR R AR B ROR, EEHAREHE S'CAP & 1 Al
4k, 1t 4k poly(A) & « UTR F1 ORF J¥ %1 & . Ho o
S'CAP {F N 1% 2 4R [F T (eukaryotic initiation factor,
elF) 4E [) 3 BRI AN 45 A5 10 05, e 45460 A2 2 i A 7 3%
Mo 23N CAP JG B mRNA, HEIF R, B%
JEME R, AR mRNA 5" b A% 18R B LA 7 o 22
SR 3 Fl CAP 4544 CAP-0 [m7G(5")pppN1pN2p]-
CAP-1 [m7G(5")pppNImpNp] Fl CAP-2 [m7G(5")
pppN ImpN2mp], H 1 EAZ ALY mRNA F 24,7 CAP-1
8 CAP-2 1M AN CAP-0, 7] Ji# i 75 IVT mRNA 8 1
1/ CAP-1 85 CAP-2 J /b G2 Bl . I RS o
FH ] mRNA & 52 m7 16250 (m7GpppG), RNA K&
Fifg 388 3o R A 5 1 3 I F2 3 o A% MU = IR |
() o- T R K 5 sh % 3%, (H m7G b1 3VhL R FE o ml i
BSERZ I, 72 AR I e A O, 5 30 2 mRNA
ASHERZFEAR L], IVT mRNA #4405 M AR i
b FIRTE, BFFE G T PR RIS (anti-reverse
cap analog, ARCA; m,”” °GpppG), 4 m7G ] 3" [ 75 J
e B 4 )y AL, B4 ARCA R AEBLIE 458 A& R
mRNA. % T 1% % CAP K L4, ARCAs 7] 12 =
RNA i e 2%, 38 AR 56 & B i 1) R IE K,
A, PSPYLLNAPYEE B B Ak 2548 1 A1 O Bk IE S T 1Y 0
mRNA X it 8 B () HE BT, LB mRNA 5 8.
3.2 (BB

RNA 25yl LSRR ot . e L b R /%
oA B35 P A S5 S A A P P O P IS (], 389 0 7E 4R 2H 41
A0 AR I B AR S B A R I AR R AR AN (H R 1
TRNAZY S MK EAMLS S, SCEAWNAL »
A, 34 fe 38 1ok T A I 17) 4 P 2 TR A2 A4k SRR s 4 2k
M3 . R, 3B T8 B RO S RNA 2542
Vi) 4D e, ) SR P R i P T P e L 7 5 2 i
Ji W7 FF 1) 1 5 B Dicer BB B S50, ff RNA 7E3E
R A BRI IS S5 AR BRY 2 B8, A 0E LR R BRIT
ML o
3.2.1 BERIBEE FERTRILN G &N ALHATED
TV R 5 6 0 ) 388 i S A% T TR IR Ak N B IR R . B
U, 7 3R v A B A HE ] B 1) siRNA-H 3] J 0 A 4%
DUBRWLA AE KR 5 S VLR AE KDY, 2 & o-4F
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My 1) siRNA 7] IR /) B JIE o ApoBP2 . A8 156 I [i] P
(1) RNA A it 55 5 % B2 i5 25 1 (high-density lipopro-
tein, HDL) B IC % £ /I 25 H (low-density lipoprotein,
LDL) f 7041 2%, 3% ik e 2H 23 R0 41 g 1 £ e, ok 42
siRNA {1501 (Kl 42)PY. 571 25 siRNA-JH [ BEAH L,
L HDL 41 2% 1) siRNA-H [E B (HDL siRNA) 7] 7£ ff
JUE A g e AR B SR BT ER N o g — 2P TR N,
5 LDL i 2H %% 1¥) siRNA- fH [ [ (LDL siRNA) i fi
JLF RAE B AT A W yse, T HDL siRNA k7 3= 2 iy i
JE BN CE AN B R, R, B A AR
i sIRNA-JJE 5 ] 4 3 7545 FH 23 531 Bt HDL A1 LDL AH 5%
F B 28 1A% 18 K =2 AR LDL &2 R/ S5, i/ 7T
R I sIRNA-JIE B 48 &4 5 A 5] 2600 R 2 15 A A 45
E R =2 Fom K s, K P S R K 2 S W I o
4 LDL, 1fij g K V55 B4 & W e 454 HDLPY . (Al itk
AT DL A B AS [ B /K M 1 1 5T S B RNA 259 7E AN
() 2HL 2 ) 0 v 3%

322 N-Z S E 3 #E (V-acetylgalactosamine,
GalNAc) 18EX  GalNAc 2 —Fh 15 2 MR R Bl 2 11 32
& (asialoglycoprotein receptor, ASGPR) &= & 55 fl ) —
AL A (K, = 2.5 nmol-L™"). ASGPR 7£ T i 5
s MR IE, KA GalNAc fB L) RNA 24544 3 5L
I FF U 11D v 0RS e 1R 0k % (1] 4b)Pe 2019 4R, 3 1A
¥R A] 5- 5 AL £ T R 5 B 1 1Y) GalNAc i I siRNA 2
) Givosiran FR At FH 96 I S0k (] 81CPE R IhoRE & 507
2020 &, PP GalNAc 18 5k siRNA 245 %) lumasiran £l
inclisiran 9 73 5 SR LG PR 43 F o Lumasiran & — f
TRIT 1 B R P S B RR PR OAE ) siRNA 2547, 7] F#AIK
R Fh 2 35 R S ALE 1 1 mRNA [FE1%ERY, Inclisiran
A& — Tl TR 97 B K RE A A 14 O I 5 9 (1) siRNA
245, W BRAR I 2R 1 AL Bl A B AT B 2R 1 8 /kexin 9 Y
(1) mRNA [, SR 1 ASGPR H 7E & & 4 6 1
2 i v v IR T AE AR RE 43 4 1) P 4 iR 2R T 3R K
SEAARPY, GalNAc B T Va T 1 31 W AT) A7 47 2
o bk, BT AN 25k = ASGPR HIFRIA, W 0%
i8I GaINAc fHIEE A SEIL i 20 1) RNA 2454335
323 ZRABEL 7&K (cell penetrating peptide,
CPP) — B2 1 5~30 N AL MR 2 R IR 19 2% 1 B P 88
Ak A B, B14& HIV-1 (human immunodeficiency virus-1)
S a0 PR (HIV-Tat) SR8 1 i # 2 [7) 9 7 1 3800
DNA &5 & S5 #3858 3 F Bt (peneytatin 1) H## 48 ik H
PR AN LR R A A U HR G K (transportan) B i
PEEILRR (IR R AR) MEEWEY. CPPS
At F A% R B HE, P B ESOE A RR AR R S, T B R
BRI IE M, R LR A B . M A £

A Z Jik-PMO (peptide-PMO, PPMO) %% & ¥ &b 1ifs PR
B W FE B B . PPMO M23D-B g s L E 92 A R & A
AP LT 23 BYBRER, SE IR B AL /N UL R ILVE SR AN
R 3R 2 R0 & BOR Z BR 1 Pip6a JIK 5 PMO
4% &) (Pip6a-PMO) RI B 5 485 7 1% B 2k A\ CF B 1
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JiR 5 B 400 P v 0 B S R, cRGD &AM 1 siRNA 1]
FrRtEihit 2 mBIE avf3 AR E AR MM, [
B BE ™ B R 58 3R B 22 KB B AT 24035 RNA 1)
LA A P . SR T F v E R B2, £ K5 RNA
bl 1R A = A PR B = E RS QST TR 5 i B v A ]
S RNA R385 28077
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24 W) eteplirsen. golodirsen il viltolarsen 3k It FH| 75 97
FEERWUE F-A RAGE, SR, HoGE LA B BRI A e 2
o W FLE SR AR A T 0 TV R A T WL R
I PR T A IR 24 s ik, W A IR B Kk B 1 524K (trans-
ferrin receptor, TR) (140 44 I 5 JUL A 20 23 36 36 2L 2
(El4d)*, TIRIENREGSHEEONEZEND, /£
AR P P B UL PR o JUTL AT D < A P9 2 200 i A 348 4
4 iR 4 R R R R A, AT AE RS R A B N AR Y
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537/b NN S5 4 NN = SN R (L < T
PR T R B SRR BT 2 AR TS AR ) AR ELAE
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R, BHE N B AR K R 52 4 29 T 40 i Ar i
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152 A -2 R AR K DR 1 32 AR 50

1% R 38 Bc A4 A2 K BN 20~ 100 nt (1 5 5% DNA 5§,
RNA, B&JE BURE € H A€ B =450, I 5585+
mRE R R A A, IO S ik . A%
TR E U, AR O A )3 7 B L AR R W RS/
G g% SR A o JE B AR IR I A4 5 RE € RNA 25418
Bk, TS AR RNA (R 938 )35k . 11 47 R
PEHT R (prostate specific membrane antigen, PSMA) &
Ptk AT0 2 55 — fCHE 17 PSMA FH 4 41 i fr) 1% R & i
. 22 ATOFBEL siRNA 1] 2 25 41 PSMA FH 14 4t i
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Figure 4 Examples of RNA-conjugated ligands altering delivery efficacy and associated experimental data. a: Chemical structures of lipid-

hsiRNA (hydrophobically modified siRNA) and the uptake and effect of lipid-hsiRNAs were different among various cell lines. Adapted

from Ref. 34 with permission. Copyright © The Author(s) 2018; b: Chemical structure of ASO-GalNAc conjugate and biodistribution of

ASOs in mouse liver after systemic injection. Adapted from Ref. 36 with permission. Copyright © 2020 The American Society of Gene and

Cell Therapy; c: Schematic diagram of cell penetrating peptide-RNA conjugate (Pip6a-PMO). Pip6a-PMO significantly increased the ex-

pression of full-length SMN2 (FLSMN?2) in the central nerve system of mice bearing the SMN2 gene compared with saline treated group. Adapted

from Ref. 42 with permission. Copyright © 2016 Elsevier B.V.; d: Schematic diagram of antibody-siRNA conjugate (anti-CD71 siMSTN).

Anti-CD71 siMSTN effectively silence the myostatin mRNA and improved gastrocnemius muscle mass of model mice compared with the

sham-operated group (sham group) and the PBS control group. Adapted from Ref. 46 with permission. Copyright © 2016 Elsevier B.V,; e:

Schematic of anti-human immunodeficiency virus-1 (HIV-1) gp120 aptamer - Dicer-substrate short interfering RNA (DsiRNA) conjugates.

The aptamer portion of the conjugate binds to gp120 and a GC-rich “sticky bridge” facilitates the interchange of three different DsiRNAs

with the same aptamer. Anti-HIV-1 gp120 aptamer - DsiRNA reduced viral load of HIV-1-infected model mice in both the first treatment

(left) and re-treatment (right). The treatment period is indicated by the yellow framed in region. Adapted from Ref. 55 with permission.

Copyright © 2013 The American Society of Gene & Cell Therapy. "P < 0.05; "P <0.01;

wkx

P <0.001;

Hdrk

P <0.0001
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Table 1 Other delivery strategies, principles, advantages and challenges for RNA drugs
Strategy Principle Advantage Challenge
Spherical Consist of hydrophobic core nanoparticles They can transfect a variety of tissues and (D The biodistribution in vivo is greatly

nucleic acid
(SNA)®!

DNA
nanostructures

Metal organic
frameworks
(MOFs)>%

Peptide-nucleic

acid complex!*!

[61]

(including gold, silica, or other materials)
linked by thiol bonds to hydrophilic
oligonucleotides (e.g., ASO, siRNA)

Formed by self-assembly of complementary
bases. Modular design of RNA drugs
(e.g. siRNA or immunostimulatory
oligonucleotides) and targeting ligands
(e.g. aptamers)

Encapsulation of RNA drugs into MOFs
by pore encapsulation or in situ synthesis,
and targeted delivery in vivo by surface
modification of MOFs (such as covering
the membrane of naturally derived
platelets)

Positively charged lysine or arginine
residues can bind to nucleic acids through
electrostatic interactions at physiological
pH; hydrophobic amino acid residues or
hydrophobic components (such as alkyl
chains) facilitate their self-assembly to
form nanoparticles or fibers; histidine
residues enhance endosomal escape via
the proton sponge effect

cell types non-toxic with a mild immune
response, and can penetrate various
biological barriers (such as skin, blood-
brain barrier, and blood-tumor barrier)
The structure can be precisely and flexibly
designed to tune its physicochemical
properties; the small size (about 20 nm) of
the designable structure may enable
extrahepatic delivery

MOFs have high specific surface area and
porosity, enabling high-load delivery of
drugs. According to the size of the RNA
drug, the pore size of MOFs can be
precisely designed and the physical and
chemical properties can be adjusted to
achieve stable and effective delivery of the
RNA drug

The secondary structure of peptides in
aqueous solution and the conformational
changes following peptide-nucleic acid
interactions are tuned by modulating the
distribution of cationic amino acids
(arginine, lysine, or histidine) and
hydrophobic amino acids. The
complexation strength and membrane
penetration ability of peptides and nucleic
acids can be flexibly adjusted to improve
delivery efficiency. It has good
biocompatibility and low immunogenicity

affected by its composition; @ The
targeted delivery efficiency is low; @) The
oligonucleotides may be degraded
prematurely during the delivery process
Unfunctionalized DNA nanostructures
are smaller in size, and have higher renal
clearance. The overall bioavailability is
reduced

Research on the drug loading and release
kinetics of MOFs is still limited, and
their preclinical evaluation performance
should be optimized through systematic
in vivo studies on their stability,
degradation mechanism, and side effects
on normal organs

There is insufficient information on the
biodistribution, clearance,
immunocompatibility, and specific organ
toxicity of such polypeptide-nucleic acid
complexes. It is necessary to develop
polypeptide gene carriers with higher
delivery efficiency through further
optimized design and more
structure-activity relationship studies to
meet the needs of clinical applications
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