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Research Advances in mRNA Therapeutics
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Abstract Benefiting from breakthroughs in nucleoside modification and lipid nanoparticle delivery systems,
mRNA therapeutics have developed rapidly in recent years and have emerged as an important technological approach in the
biopharmaceutical field. The successful application of mRNA vaccines during the SARS-CoV-2 infection pandemic further
demonstrated their potential for rapid development and large-scale deployment. This review summarizes recent advances
in three major application areas of mRNA therapeutics, including vaccines, protein replacement therapy, and gene editing.
Linear mRNA remains the predominant approach for mRNA vaccine development, while circRNA (circular RNA) shows
promising potential owing to its enhanced stability and prolonged protein expression. Meanwhile, mRNA-mediated protein
replacement therapy has provided new therapeutic strategies for inherited metabolic disorders. In the field of gene editing,
mRNA-based delivery of CRISPR editing systems has attracted considerable attention owing to its favorable safety profile.
Despite the significant advances in mRNA therapeutics, their clinical translation remains hindered by key challenges, includ-
ing insufficient tissue-specific delivery efficiency. With continued advances in RNA engineering and delivery optimization,
mRNA therapeutics are expected to become an important common technological foundation that connects vaccine develop-
ment, protein replacement therapy and gene editing.
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mRNAE g vk W AR B 4SR5 &
BT D RE R G B Ay, APk R @ — Mo Y
BITAY) . SEBESEEO BN TAMAE,
mRNAZGY) I H bR 8 A% g A0 (5 2k 2 40
0, S8 40 M AE A A S D REME AR 1, SR B2 Ty
PIRIRIT VR Mo AR VR T SIS, mRNA
YERL GRPTE . IR S geiayT K B B AT
(protein replacement therapy, PRT)%54535k 2 B K
1 . FHIE 7

mRNA 5 T 20 tH 40 604FAXHE R BLP, FEAE 1A
HNFE SR (in vitro transcription, IVT)F AR &7 f5 B
% TR R ATATHED, 800, T mRNAZ
O A ARG SR K, FOAE DS B T
BB BB, I BRI AR AE A PR AR TR
(RNase) i 7y 3 B H: B i 2R 0% 10, A8 45l PR 2 FH
K HASZ BB E . 19904F , Wolff4s Phd it m) /) i) A4
WS RNAR IR BA, SEEL T B AR N RIE, 56
E 7 AMEYE mRNATEAR N R FE D RE ) AT AT 1. Bl
J& , Kariko %% Pl 51 AR SEAE Mt 1, A28
FEAIC T mRNA R G J5 o, A a7 R iR
Sk fae e, #E30 T mRNAF AR PE K E. 1M
WHAT 4% mRINA oy 2808 326 48 0 24 A 5 S 30 9
W5 E A RIE, MBI mRNAZ YR JE 0
)R 20204F , 3 [ Al 24 e B B R Ak dE 1
PR PR B mRNAYE H, Bl Moderna /s 7] i mRNA -
1273(NCT04283461)" 1 #% i /A 7] /BioNTech A 7]
() BNT162b2(NCT04380701)™, £ 7 71l 7 IR 9 B¢
JRGL RS WA AT, bR B35 SR IE N S5
MK, KEILK, EAThtEs /N 1724
MAPARZI Y T, B HB AR TN T2
/L T -GS D TRRTR X AN i O A - g = Rl 1 13|
RER RG], NMEE A HIHL20%5 6 RIF 1)
INGT T AR, R EBUR A O H B T sk = g
(/N 456 TR, RIS BRI g . ax L
Jr PR IE B BV T HOR K R B ) B . AH
EEZ T, mRNAZGYAE B - 40 B 3 RGfE A A
FikHRER, Hig BRI S SR E R T
|, MATIT SR A% 45 24547 BF) B B ) 5 0 e i ) YR 97
U BT, ASCEEITE R . A BT IR
L R 5 D] 24 56 ) LA J77 1T 2738 mRINA 24 47 1) A 7 sk
J&, FnT H G AR I S AR SR R J& 7 1Al 1B AT 43 it
HEE,

1 mRNA#EA
1.1 mRNAZHRE SR

HAZEY Y mRNAGL S SRS . SRR
[X.(5" untranslated region, 5" UTR). FFJi [ 52AE (open
reading frame, ORF). 3'4E##1%[X (3’ untranslated re-
gion, 3' UTR) & 2 IR H R [poly(A) )& ], TifbixLe
iR Tt 22 mRNAR R e L EE R
KPP, IVT mRNARZ5 4R E S R AR BAZ A0
T mRNASR AL, FHECT DNASK B, mRNA
A AR AE A0 5T SE R IR, B G TR R ZH S X
K, JF HEAG B m 0 B RIE K0T SR, AR
ZNAH IVT mRNA R B R 2 AR R1 ), 355
5 2 KD 56 TR G SO ot Bl R 1 Dy R
X, WFAE SN T E B ER, e
SRR P DB R (P) B N'- 3R B R (m!'P) 2548
Witz B BACKRIRIRE , FEIK T mRNA G 5% J5 P 4
VAR E M SRR T, A, e T2 R
UTRJF AR AL AT ZE K mRNA 2= 52 81 9142 = H R IA
R, FL[FHEZImMRNAH AR ik RFEAL

MR4E SRR S ZHIRE SN R, FHT1697 I
i RNA T 25 26 PE mRNA(linear mRNA). H
1 mRNA (self-amplifying mRNA, saRNA) Lz 3
JRRNA(circular RNA, circRNA)(E 1A). X% 1
(R A Y 22 e AN g T LRI B 1 R AE , LX)
HIERFNRIT R TAF B E R
PE mRNAJZ H i B S oA R 2, HARSAAE T 45
Py B ARt B, O P T P R Ak R B DR O
ISR CastZ BRI BER Kk . HEEHNEHR
e S A DN (R e A N AN (TR 53
mRNA A, X ik RGO . A
Z N, saRNAKYE T Hp AR SE R 4, (R 7/ 3 RNA
SHIFAEEWE O RwGIX, Gets LIl B IR E R,
AR AR B R AT 4R s BRF A PR R IE, (A
FBOR I o R RA GG i IR B BT H iy ok 1 Hkik s
circRNA B A G FRIREE Y, PIHEHUZ IR AU Bl I i,
W NTITE =T i A=k i o 1 N = = B %Y ] e /N T
circRNAH [ 5808 32 BAR AR 2 SR BEN L, 8
PERCRIEH AL T 26 ME mRNA, K 75 Bl ¢ 41 %
THRSE M — PR TR . SRS, A
[ SR RNATE R IR FREEIT 8] B8 2802 S 3k 16 M
B ESE S WHTARYE BAR R skt G E
RNATER, & 4HTRNAYRIT RIS T 2 — .
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A: ZEPEmRNA. saRNAFIcircRNA I ZE# . £ PEmRNA H15'5

5'UTR. ORF. 3’ UTRHpoly(A)RZHK; saRNAZT S & B 2 R 1 4 44

T A (nsP1~4) AL HE [K 41 )5 2l F-(subgenomic promoter, SGP); circRNA B ZME T A A B HE AL S (IRES) AT I el 2 ME L Bl . B # L
FIMRNASIE -G . LNP W BB IR B IEE R GBI BRI 2 —EE iR 4L . C: LNPA S mRNAGEEE R, (1) LNPA IR (2)
LNP M Y85 (3) mRNABEZE S 5T (4) mRNABH R IE AR .

A: structures of linear mRNA, saRNA, and circRNA. Linear mRNA consists of a 5" cap, 5’ UTR, ORF, 3" UTR, and poly(A) tail. saRNA additionally
contains viral non-structural protein genes (nsP/-4) and a SGP (subgenomic promoter). circRNA is composed of exons, an IRES (internal ribosome en-

try site), and an ORF. B: common mRNA delivery platforms. LNP (lipid nanoparticle) consists of ionizable lipids, cholesterol, helper lipids, and PEG-
lipids. C: process of LNP-mediated mRNA delivery. (1) cellular uptake of LNP via endocytosis; (2) endosomal escape of LNP; (3) release of mRNA

into the cytoplasm; (4) translation of mRNA into proteins.

Ell mRNASFHR5EE R TEE(IRTESE 30K [13,26]1220)

Fig.1 Schematic illustration of mRNA molecular formats and delivery strategies (modified from the references [13,26])

1.2 mRNAj#%E R %

mRNA H T RFEK FLA o d g, 7E4R R
T 1% st 7 P 22 5 4 8 E 280 e AR 5 PR A 221, 5 ey
L AT 1) 20 mRNAZG ) PR A A% Ol . PRt
TR AW I H2 A mRNARR M (Rk Hdk A\ $E4H
Jf S I O A RUORE TR B % R 4L, & mRNAZY
VI R T A% O BT
1.2.1 JER#hARBAL R GIKEURL(lipid nanopar-
ticle, LNP)J2& 4 il ¢l AR i 16 1A &, U HAE LR
KUYk I R EH % OIER, B et HErE
mRNA ¥ 1 AUk A A 24291, LNPZE R B n] o 25 iR
B MR A B R BT A SR & IR i (polyethylene
glycol lipid, PEG-lipid)2H % (¥ 1B), PUFhZH 73 [
FA SEBLmRNA ) = R0, [FN AR EEmRNATE R A (1)
FasEtE, T mRNAFISEELRE /7. LNPHEN
RN G, LB N F IR, JEERR ISR
H S B P PR, K mRNAREBCEN AN, B %

PRk LB i H R E P 1C) . AR, LNPi]
B R, 045 7 5 R M2 A 2k 4O, IR
7 MR

H Al LNP I AL 3= B S8 AR i 20 4y 5 3L
PERESF, DURAHSE R R . Hd, TERR AR
A7 T, Lin5 2S5@ Rt 5]\ Bk 2 ] B 25 g 5 (peptide-
ionizable lipid, PIL), PA$E T+ LNPALZLEE [m) P, FF
800 I B AR R FL 51 R A G FE M Vadovies S )
RO AR T 2, AR T LU A 5 s B A 2L T I
S LNP BIE A BN ; Binici % BOX LE 15 FH IR i
X mRNA-LNPI$IE R M o, Hah 5ONNE Bic 77
EMERIRIRGL T 2% . FRE, Kifk. 20BUEH
(polydispersity index, PDI) ¢ 3 [fil AL (CHL A7 )55
TR, 2252 m NP5 41 i /9 A BAE FH e HAk A
SIATFRFIERY . Maf5 PR R B, Kif2 2 50~100 nm
(1) LNPEE 25 5 i % 22 0k B0 5 JF 4 0 S0 41 i 8
T S SR S5 A S B, O TR S e B, R
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FEL 57 P I 3 52 M NP -5 200 i B i 2% 2 11 P AH ELAE
M, AN SR LA SR, A& mbtR
T8 5 G g8 O K B T B 4 R IO ) 5 A
B P 0T 20 LNP R P9 978 B4 I 1) 2 8 et A,
T VA% NP N 4 A A0 B3, FER2m LT id
I mRNAFI P 512 S PR R 229, IR 3R
FH LA, H A e mRNA R 8% 5 RIE R
FEMCEER b, LNPRA N SE AR AR — P
et . f240 LNPREANIME G 245 Ak & E, R
R ) 1 %L, PR T AR AR R .
FEHRIX — 1) R, T 3 I s T PR i O 4 e
VA5 20 23 LA 71, s Dy i B 3t 26 A v {2 ) B G AR
H mRNAZK L AT FEFE 5 i, IR AE Bk B 45 25 2.
21, MM HET mRNATE G 16T S Wt R A i B2
WS, M4 LNPRI T IE 7] 5 ks FE R R, g4
Jf e S P A ) o R A 5 e R 5N TR
YR S 2T B P [ A BRI 5 TN R THI AL A2 1 %), LNP
AT SEE 7] G2 401 PR A o L A P P e B % [
B, 25 A AU B NIRRT B SRR Y, LNPAMY
VEREA, 02 5 PR MR SRR, T3S 587E
FrRUR . IRAESR, BRIRKEE Ot — D HEE 2 40 e /K
S, B G e R LA DK ) MR [ e A S A Y, S
) L AR S A 25 () 2 0Bk . BEACK T, LNPIES
DI E 4, M gafe. 22 RAR RIFEL.
SRIM, AT S LNPRIZL SRR S o0 A, DL T 42
N AR BRI w2 B A Bk 2R 1, AT)
ARG AL OB -
122 HAwi#izRes  FBRLNPIR RSP, 2RIk R
WS AH 76 A% R 245 ) 5 5 TR g 4 AT AS B T2 IR R .
o, R SRR S W B T VEE N R R R
FORERAR, N A AR B8k RGN K iR T &
EZW . 9B HUA B FE IR AH 9% B (adeno-associ-
ated virus, AAV). 1895 55 K I #5144, 3 B i
EAMNFAL IR B A%, AR R RIS B
B, IWIMSEELE ARIE . 2RI, 5 8k 1 B2
AFAE A7 75 2 PR ) 190, 9 7 326 DR A 3 5 IR, 10 %
G958 JE ARG o] jE, e DL B 3E ] T mRNASERNA
PR RGEIE . EYEEIE A, ALK
S AT o R R S ) R R bR A 4 i
T R AL A SE I I i iE S, B R T AR A
20 A T mRN A%, A AN A IE T7 58 I (1
I R B AR AL T H AR SCRFA, LA A P 5256 v i

P i R = AL B, SR,
J 7 R R AN AT 3457 A5 PR R 4 4 4 N B 1) T
HARN R H

B2, AE E5 02 R G Re W A i o B
FETHRNAS T, Wtz N i ia i 78, T DLMAN R 4E 2
RN IBIE AR FIA R o 9 B UL (virus-like
particles, VLPs )it ik B L5 B 4K 58 25 44 S I i RN
Ji, DRIR 2K 2] i g R I AR S 1 22 4 1% B2 Han
S5 VR TRk VLPSTE %1% mRNA Jz CRISPRZH 4y
77 THT 2 I B v R A N e R AR, R PTIEE AK 5E K
TSI SRR S Bk . A B AhFE Y (extracelluar
vesicles, EVs) Al H R IRAUE S AL 7 AE AR S 1, 4%
PRI B 7 Rt A s FE UL BER b, kR
HUK EVs5 LNPRILG F 4% 51832 R 40 1 Semg , Jiid
454 EVSHIAEYIA 2 15 LNP R = 2 A4 28 1% e
SEHL TS R mRNAGEIE S AN 2 R B, ik
b, YT 2 IR R B 1 AR 9 (outer membrane
vesicles, OMVs) N H 840 73 T B A [EH 17
FEME, AT S LNPRSSE S, HTHRF mRNAJE B 1)
IR I IG IR NP, 20244F, BrownS5 FOF K
H 7 — P ER A I B (proteolipid vehicle, PLV), ¥
fili A A0 2 /NS IR (fusion-associated small transmem-
brane, FAST) & 34 2 A, v DAER AP e fk
S mRNAM DNA R m A ML, Bz sk
A 1 A48 LNPIH I S SRR, 2456 [ (1 44
LU Aine
1.3 RNAER 5i%i% RGHYIER

ANFETE P RNA LR & 2RI6 1% R4, fER0E
P, EEFRIACR, RIER K A AR 4
LA ERAR A, BT ERIEE T e B S
ERNATE A HiEiE RSt . L mRNABIR K & i
FIRE, B ERIE, & AT EPOE ., HIHRIEHE
HEARIT 5, saRNAREW B B Y G e K EH
FIKJEI, ARG Z557E, (HIZKRNAS W E 8, &
5y 15 IR AL ) [ A B 9% 25 cireRNARRE 1AL H I
3, AT RASEHLKC N [A] ) Br F RIA . AR IR AR T I,
LNPZ H Al R BB i = (0 7 %8, Aid &40 LNP
EAE A P& . PR R SRR #EZHZ
W SR PRAEEEGS . T VLPs. EVsZE Ak B4R T L
MEEAS[RIAE F AL B2 T 2H 21 sl A B ) 2R, (HL
TEAR P AR 1 AR 3 126 0 38 55 T A AE — 8 IR kR o
PRI L FE S RNATE I8 R Guh, 75 E 0 3 A4 1k
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presenting cell, APC), FIH#I R4 Gk H brdi s
EH. PUEEBLNIEMESEE R, Uk
T 3 S AU A 1 B A 4 I(major histocompat-
ibility complex I, MHC 1)431 2%, #75CD8 41
B E TR B2 41 B (cytotoxic T lymphocytes, CTLs), [F]
I8 23 B B R 2 0 M AR RE . SR AN T s, i
ANANEE TR Rk ie, I MHC 117y 7 2%, 7
T CD4Hfi Bl T M S AR 5 G958 SR, < I 240 e
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7/8(Toll-like receptor 7/8, TLR7/8) K #1215 5 Hk
[A I(retinoic acid-inducible gene I, RIG-I)%5 45 11
Il S AR A T 0 JEORE OB, TR B s mRN AR E PR AN
FIVERLEE , TSR TR RIB KT, 3G % W 5 S
1) e 28 B
22 REREE

AR, mRNAYE i CAER VA & G4 S e DL
T BRI N I g, bR S e 2 32 7
TR YRR OCHE . DARPIIE A L B (respiratory
syncytial virus, RSV)JE i 50 401, A BT SN F
i 1 (prefusion F, pre-F)/& /155 7% 5 1 L4/
B OCHE A, EILA AN LS S A4
BEh iz A o R, BON RSVEE BRI
— RAMERUCT . 202447, 36 [ £ 5 24 R B Rt
7 RSV i mRESVIA(mRNA-1345) F7li. mRNA-
1345 L pre-FAPUIR , FHii e B e w4 RF H P
A, HLNP#%X mRNA, JHAEKNRXHIREA,
T 5 45T RSV RS 1 S e B B8, Hl, £
T o AS [E]95 J5LAA P mRINAJEE 1 T 33E I R HIT 92 B
B, HoE s i OBl BT, B mRNAYE 1

Cell-mediated immunity

MHC 1

CD8' T cell

° © od
Granzyme

Humoral immunity

CIT
P =f
y ‘ 9 - \
\ '. \/ Plasma cell
Antigen processing
\ Antigen-specific B cell
Endocytosis Memory B cell

WUAIESS 5, LNPELE FmRNATE S A A+ FE3EANAPC. B, LNP A P44 106158 B mRN A 2 400 57, mRNAFH A i Bs . RIA N
PURZIN T AL G, 43 AEMHC IFIMHC 1L&42 T 208, G CDS 20 i 75 M Tk L 40 fe(CTLs) FICDA S B T4 . 354 I T4H g mT
LA T FL AR A A A S, (RN PT R S EB AN AR A AL A R AR B R CAZ BN A, AT B SR A S e B, 5 TP AR SR

KA R Y

Following intramuscular injection, LNP-encapsulated mRNA is taken up by APCs through endocytosis. After endosomal escape, released mRNA enters

the cytoplasm and is translated by ribosomes into antigen proteins. The expressed antigens are subsequently processed and presented via MHC I and

MHC II pathways, leading to activation of CD8* CTLs (cytotoxic T lymphocytes) and CD4" helper T cells, respectively. Activated T cells further pro-

mote cellular immunity through perforin and granzyme secretion, and enhance humoral immunity by stimulating antigen-specific B cells to differentiate

into plasma cells and memory B cells, resulting in antibody production and long-term immune protection.
E2 mRNAFEEI$E R 5FE RS 5 & R B HUHI (RIS STk 1411220

Fig.2 Mechanism of mRNA vaccine delivery and induction of adaptive immune responses (modified from the reference [14])
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F=1 IERIRIEM A mRNAZ &
Table 1 mRNA vaccines in clinical trials

T RE

Indication

P TR

Vaccine name

I A B B B

Clinical trial phase

I RAR I 5

Clinical trial identifier

Infectious disease
SARS-CoV-2
SARS-CoV-2
SARS-CoV-2
RSV
NiV infection
HIV

Cancer

Melanoma

Non-small cell lung cancer

Metastatic solid tumors

Pancreatic ductal adenocarcinoma

Colorectal cancer

BNT162b2
mRNA-1273
mRNA-1283
mRNA-1345
mRNA-1215
HVTN 302

mRNA-4157/V940
mRNA-4157/V940
BNT122

BNT122
GRT-R902

1I/11L; approved
II1; approved
1

1I/111

1

I

IIb
I

I
II

1I/11

NCT04368728
NCT04470427
NCT05815498
NCT05127434
NCT05398796
NCT05217641

NCT03897881
NCT06077760

NCT03289962
NCT05968326

NCTO05141721

AN H &R, HRN A TE R C i 8 e IR v 55 5 A
T& MR HE— 20 Hh e s At B SRR (R 1) . JE TR
7 (Nipah virus, NiV) mRNAJZ 1/ (mRNA-1215) 224
e 2 DRI RIS I B, V2P R T RIFI 24
PR G 9% SR 25 B, W] DAL Sl AT IR PRI KB, 23
VEI B ¥R 40, , Ramezani-Rad%s: CO9F & 7 —Fhgmig
JIECEE 52 HIV AL = JEAR 1) mRNARE 1, I8 40195
BRIMRAEAZI T, 1755 H R ter 288K 1)
AR . 2% B E DRI R RIS i BeR I H R 4
(1) 2 A P A A R Y, (27 HE mRN AR, R IEHIVE
BRI R R BT AE SR B

T R EE T UL PR B AR R 48 b 4 K
O3 T A 12 mRINAYE 1 7E 20 B % 1) R FH 0
W2 B RV . BT E A PR A R A R
IR AERE A, ARG E A DL S
FEAMORI PR o DRk, 2905 S T IZ Tk
A B mRNAYZE ) B E R R JT ). Vidal 55 i
o RG2S R 1% 90 BT B CD4T T4 bt
SR, $E7R 1 A% Gu e pi i R s LLFE a5 5 AR A0 B e
PEORI I R, JEAR T BT 2P0 B F S S 40
g% B B RS, N — AR % mRNAJE
PR RSt T BB, BEJS, LinE @ n
i AT T Omp25F1 BP26 1 XU 1t i mRN A
B FIR 5T 7RIS 20 R S e R, A/ BB
A T RYER, BE T 2905 mRNARZE T
BARMEM AT d3E— 20 i, Blia%% SRy

T R B EEHR R AR B F15 Ler VATE XU mRNA-
LNPJ i, JFil it hFefl &2 MG 5 1 5l ) Sz IR
PR, MTTHE ST T B ORI R o 7E /0N BB B 2 A
PR 20 0T B AR PR K F1BA 1 B AR X8 T S 5E 4
TR, R mRNATAAE /& 200 P 40 3 9% T K
HAHZEWE).

2.3 MERE

i e 5% AR R B B S R Gk HE R 9 R A
JHIRT A, 2 — Pl ) R B MR ST, R A
AR . 2T . RO DL TR
JETH DY KR8, 19914, van der Bruggenss 15 Ik
KT N Mg P —— B PR, i
JEPURAEZE T TP NI B2 1 A6l 19964, Bocz-
kowski%s IR 78 R W 1 S AR i€ HTJR I mRNATE
A BT DL 5 G g S S k) R IR AR G, IESE T
mRNAJE fi 7£ I 167 B ST 77 .

FET R TR I AL mRNA R 7 H A
BN A B B AT S SRS 2 —, HaTATHE S IR YT I
JICLEIRRBE S PR 2] TR EE. 20234F, Rojas
S5 IR 7 autogene cevumeran( X FK BNT122)/4M4
W PUR I, B e R e TR e sk T W] 2Ry
s VE T M 85 IF FRARR J5 2 R Ry o gk — 5
Lopez 5 U7 1 HA S A48 (1) LI PR H 38 0F 1 1%
955 TH GG BN A B % R 2R BB B A R AP0 %
A LWL HUI IR i M . 1% SRS Bl S R R
AR T PIRIRIGUE . Weber®s VIR LR B
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mRNA-4157( L FRV940) i] 2 T 2 5 g S ARE B %
HLAZ 8, @i BT A A i g b s, 06 2
ASHHE R g 5 e 81 E T[] — 2 mRNASF 1 |
FHALNPEEISIR RN, I35 T4 7 1 T40 i e
95 RN o FLIDEA e R Bk B v 3 P R R 3K
RNIEE RN, Hzat RAF, soE A NI
PRIRIG B BT EALmRNA R 1 . SahinZ572 4]
FHR — AR 3 B A I 2L s 26 55 1) P g A8 I 73
DEFTPU IR, A Fd g R 22 26 25 AR e 1k 9 e S P A
EmRNAE I, %5 1 0] 175 S IK 64 B HT bt i e 5+
PETHH M 5

MEAmRNAZE H A 2K e, 182 Tilllm R
FEP RIS ) e S, SR A G, AR
T2 AN o A 1 240 FL I R S () S8 I o 63X —
[ /R, Zhao®% P1EE T g S i B4 77 A B B BB L
JiR, i H 7 2490 FFF 240 ffoies i 5 v B R R B ) s
M2 P mRNAZE T, $& R H A A E 1)
mRNAJEIESE RS . SRR, PrRSSMA St mT
DL TR T Bk AT Ak, Wang@E g Y v )
F B LN SR IAH S A/B(major histocom-
patibility complex class I-related chain A/B, MICA/B) a3
FAH mRNAFUR , 8IS T-H MICA/B a3 435 1)
T ABFUIEINL A, 0] H ol /e85 sk BT O iR, it
MG NK S TAIM, $0 e e b e . BT
NHE R 30 A7 A 2R B P B AR IR e 5 5
AT HBsAgHRE 14 1012 TAH MY, WangZ5 I # HBsAg
FriC R B, A BVA BT 75 HBsAg fNAE IR 2
[k, AT BT o8 B 5 e 1t 102 TR =
JH IR AR AT , B AT 2 Tl SRR AR AL SEE T R
TEBR. IeAh, ik R G0 sk R R S W T AL
HETTA . ZhufE VIR | 40K LR 4K BRI LINX A
FBI% mRNA-LNP, i85 7288 LNPI 525 i 4
Ji, TEZERF LNPRRE I ()[R 25038 T a2 AR s, A
MER T PR S ROR AR fE

AT AR H] mRNA, saRNAfig %38 i g Y
S, DRI RS Sk EREAN H AR
FRIEP, AT, saRNATE R 1 A0 (1 i & 2
SN RRIEI B . a1 GRT-R902 & —Fi A~ 1
A b e b S P, LD I PR 38 5 s w M ]
PR A HR A MR R S T B B U7, L H
BT AL T T/ G PR Ee f Be . S8k H 2 34 b
IRZE ) cireRNA HH T H A28 P00 35 11 5 52 2|

KT, HHT cireRNAYE 1 1 87 A OZ 7 M —
7k 2 BRI 7 AL, BRI T R
Hopth S iR 7 JTERR G AL, 3 — 3G sR 0 S
RERLEs o Lise VR I TH I 5 N 2 1 5 LA N
WA i R R PR R SV TR S A, T[]
97488 PN A e Gk AR B PR RS A TAR R, OF
I I b R A0 PR R A a3k — 20 % T B E A R R
A s, P AE SRS OO, AT 4 9 T AR
. Wang®% BRI & K& PR 2 4K (chimeric
antigen receptor, CAR)E 4 F2£ 5 I 4= ilipanCAR T4
J, JF DA N3 B2 4K R 52 44 2 (human epider-
mal growth factor receptor 2, HER2)HT & [fJcircRNA
P2 FE EAT IR M, DT 535 G 5 1 B8 B 9% e
B [F#EHE, cireRNAJRE BT VLM A 545 4 e y7
RERE R, BanTE BRI LA b 8 cireRNAK]
R SROPR 21 2 v 5 A1 7 R 9 G A VTR AT
SRR ROR Al S I AE 7 e o TR v R
AR,
2.4 mRNAEENHERS X
mRNAJE el Rl 7R A A AL R AR, S8 1
SXoF £ 0 e 8 R R S 2 1) BIR IR , DRy A G Ty
AR SRR AL TR ROR IS . FEAR YR
B AU, mRNASCARBMERE BT RiEE B
BRI S S TR T, CHES) 2 P S I R
A, I REBILHS X 38 A T A4 () PR o S A o
iR 2 AT, mRINAH AR B85 I AL A AL BT Bt S
SRR SR LR, (BBt Ry v THR R, ok
HE S IR T IR TR SRE . SRT, mRNAJZ |
R AT S B 4R 2 NF ] 380 16 B g i DA R 2 16
BAEPRAR . AR, B mRNAS T30, ik
RGNS e g, A Bk — 0 mRNAJE
HE B 2SI ST o

3 mRNANTSHEBRBRITE
31 BREXRAE

5 mRNAPE 1 5 B0 i 40 8 R IA PR A LA
TG RPERIE AN A, mRNAA G PRTI@E i 18 15 gt £
FIH mRNAZ> T, {5 Bh4H B e R R4
A T RERR 1, ATV AR DRI DR B 8 R 1 20
RESHH SRR (B13). (AL, 1%28 8 X mRNAZY
VI F R A RIE K S R IAFREE R (R T 5
IESR . 199248, JirikowskiZs B2 i) K RN FeibiE
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uuuuuul

aitifeed
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e

i ey mRNA &
":’l{ =1 ‘g 3" Endsomal escape = sgRNA 2
Ltp et =
e s
o S
LNP l \bq; T
with mRNA and sgRNA %“\o Indels T, T

Inserted DNA
LNPE ZEmRNA(L)2imRNA 5 sgRNA( R )#E NI G, 385 A1 S, JR i o o4 i i Pinacd a2 O RZ IR 0 T REBCE Al o b o 3 T8
M3k FImRNA, FEAEZ0 5T b BB A i H AR B 1, NI S B A 8 B AT i X T 3L i8X mRNA FIsgRNA I 15 190, mRNAZ 41 Cas9 8 5
sgRNATE L H 2H 235 T2 A% A% B L (RNP)Y G470, Bl Ja ok N 40 A%, TESEDNAN 557 AR UG i 24(DSBs), Fi isk A [958 K vy 32 42 (NHET) 5
[F) 5 5€ )12 2 (HDRBAR 1B 5, AT 5 S0 B4 N /R 2K (indels) BRAMIEDN AR N, 52 LA K 4o
LNP-mediated delivery of mRNA (top) or mRNA and sgRNA (bottom): cellular uptake via endocytosis, followed by endosomal escape and release of

the nucleic acid cargo into the cytoplasm. In the case of mRNA delivered alone, it undergoes ribosomal translation in the cytoplasm to produce the tar-
get protein, thereby enabling protein replacement therapy. For co-delivered mRNA and sgRNA, the Cas9 protein encoded by the mRNA assembles with
sgRNA in the cytoplasm to form a RNP (ribonucleoprotein) complex. This complex subsequently translocates into the nucleus, induces DSBs (double-
strand breaks) at the target DNA site, and promotes repair via NHEJ (non-homologous end joining) or HDR (homology-directed repair) pathways. Con-
sequently, this process results in insertions or deletions (indels) or the integration of exogenous DNA, thereby achieving gene editing.
El3 LNP/MSHImRNAJE % K CRISPRE E 45 HHI (IR HESE SCEk[106] 15250
Fig.3 Mechanism of LNP-mediated mRNA delivery and CRISPR gene editing (modified from the reference [106])

U5t 9 AL 1ML A5 T 25 (0 mRNAEE I 228 1 FR A AR
X KR mRNAAN S IPRTI FH . BEE AN
R, EABRERNAZ Y I 52 B 7
3.2 ERMA

P TR 9 A E B S R A 5] (1 8 A A
B, H AT C R DU 5 000FH AL DR ), R ER
M 1(arginase 1, ARG 1)k = i & f AR G 570 51 2
(R AR PR B4, 20154F | Burrage®% 1% 25 7E ARG
BB /N BRI FpE s, I 2 AL N S AR R R
1(AEB1102) 1] i 2 FRAR I 22 K R R K F, N5 %
ARG ZREIG R IE ST B4E T Fefili. B )5, Truong
28 B 4 i ARG mRNAGS % B4R, 28l 7 Th
B A RIB I I T IREIEHATIRE, NEEE
RITIESEAE T 67 BB . I AAE J5 2R 7

Hh JE e (AR P A 4G 2 SR % mRNAZERFE ARG
FAMRERIE, WIS 7 XA =5 5 2 M
BERH IR, 2SR BR T AR RS 5251
M EDLLE, N mRNAA S & A BT LS
PEAR 1 2 05 10 82 P it 1 B AR AR BT, SRl
FEE O Y R 2 2 M A RS E s, AR
i N AR — L I TR 2 AL #2741 (alanine-glyoxylate
aminotransferase, AGT)) mRNA {38 Jii & VE & 5L R
PRIE B8 368 3t G R ¥ T A R M 8 107 7 (Lysosomal acid
lipase, LAL)) mRNA % LALSREAH AR 5 HTAR 55
T3 BESCAE B Zhai 55 PO i 346 5% 4 0 1 2 B 2 TP L
¥4 (ornithine transcarbamylase, OTC)FJmRNA, 7£
OTCHRFE T B IR 2GR BRRG S gk e M 27 A AL A
RIS OTCIEME , FF Dokl -4 457 £ FH 28 RE S o
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Bt BIF FEAHERE, 202447 PRTHEAT 1 1 I A4 DI
PRSP, ModernaZy 7] & i mRNA-392 74 Fil LNP
1% mRNA, 7] DLE TR MU A8 2 b ST el
i, RIH RIFH 2 MR e 7 AR, Xhs
EE mRNAR] T 40 A 3 8 A0 iR Il PR AT 471
CRAFVI IR, (EAH KRBT AT AL T 5 AR B
HARHNGITRCR . EREAGHR2atE & g 2577 A
it HE— 2P

T 27 4 b 5 T L 5 715 R (eystic fibrosis
transmembrane conductance regulator, CFTR)/&—
MZ 5B EEIEERB . CFTREERRAL AT
FECFTRE H B R BRI BE 7, 3213 B Eh 7 %
B MK 3 BN 32 BH, B 24 5] ™ B fili Th e
15, Sl MELF4E1L (cystic fibrosis, CF)®, Rob-
insonZE 3R UK Cftr mRNAI# % 2 5 = CFTR /N
AR, ATEGEMiZIfE . MRT5005(NCT03375047)
& B A HEN AR PRATF 9T BN T mRNA B AT
%, i Z 0% mRNA-LNPA[ /£ CF B3 < -
B A R CFTR I AR 9. 55 030 5 7 A5 A B
6 X B 42 22 48 (central nervous system, CNS)
P IR mRNA S B B ATV, Mk RGik i 758
=R . ML 5E B (blood-brain barrier, BBB) % FH
1EFH T CNS #2593 N\ ik 5257 %7, 4 3 s DL sz 3
AR CNSEE [ . AR UK — 7] 8, Wang4 POJF
KT BAG LG R B S RRE 0 TG BT AN K KL, 1%
3% R AR mRNAIE 206 N #2480 F R TE
JE BT AR I, I AR N R A 2 TR I T L K RE
71, Nk — 5 R mRNATE CNS W &I 167 &
H. JTFRMAERGHEMNEAEMRIGT R 7
BREET G BT BRI, O IR 2
BT mRNA R H 8 AT % 0 2N 9. O
JJLFE AL (myocardial infarction, MI)£x 5 2. JL4H ffY
(cardiomyocytes, CMs) K&k, MIiM-F BURIKIE
B, I 2 51 R0 S aE e . BRI FLEI I CM s
JO e A, G IR R T AR RE D 22 HR H AT
A BEEIT IR H 1990 ALK, M W
F¢ 2K K7 -A(vascular endothelial growth factor-
A, VEGF-A)TE R L0 5 56 VR T7 18 )
N 8991 AZD8601(NCT03370887) 4% — il 4 5
VEGF-A[fI mRNAZH), 72 8 A 3E N i R B B
() 2 i 2 1 1) mRINAZG 4 100 3 0E B e DR 47 /)
B B 52 O 7 35 38 I 9D O JUL AR L T 1O A

mRNAZw 5 1) 4% 5 K 7 STEMINFI YAPSSA I g
A A L PR 1 S5 R BRI /DN B i 110, 3R
mRNAFALE O EG B AR R )

BrekE mRNASN, saRNASEAE H iy 3 P14
IR, AT SR T PEEE K AR IE . Feng
USRS T iR ai #E i TR T VPg-saRNA R4,
i T AR i VPg M2 RARp /S 1 B it sk
W7 EAERG R R . m R EE W, I HZRSR
B B S B i o AR IR A ) IR 9T U
BREE TR ARG, %45 Rkt 7 LA
saRNATE S 1A 72 A B A& W8 70 SR AR A
33 ERBNRITENMB S

PRT 115 R 2 Ao A7 T K 7] 2 9 SR v AR 97 1
HEARIAFFEN H A PREPAR . 72 BT, Bk
AP RIPUEE AR A 0% S RE g 2R,
AR T B R S BB SR VA T M R R
BLR B SR R IR KA B R AR T A U, 15
I3 PRI IR L RIG YT PR B A 4E R I [R] R 3R IA
B I B G AR S s U RE A RIREk
%, {5 mRNAS G PRTAEF WL S5 A B iR T
HAT B R AR 3 . 12T VAT A Bl s R4 B &
()2 SRR, SEIUIE AR (5 M N B R AR B
Tk, BRI T BEHEAZGYHIS L2844 ML
B ) A S P A SIS

4 mRNAZEEREBwmEHHIR A
4.1 SMEMCRISPR-Cas?t S E FE 4niE

BEHE mRNAF AR R, mRNANML A E R
It o1, BN T R RO 4% 0 2 T AL
EM %, PLCRISPR-Cas AR 1140 4 R 40i%
R E 5, L C HCA mRNAYA YT 45U, 1) 0T 5%
Jill. H TN B2 B9 CRISPRA% R il F ZEAL 5
Cas9. Casl12FlCas13. HH Cas9Fl Cas12 T ZHH[A]
DNA, ifif Cas13 U GEW5 S RNASE [ i 2 10, i
LNPE AR 885 A RN R B, CastZ R ] @i
mRNAJE 2SI AR P 3 1% , AT 7 S5 20 35 18] 44 4 (1)
[ s A A1 3 [T 21 B 5 IR

TEBLA CRISPRA G H, Cas9Z A1) 42 44 Py 2
DR s 8 R S FH 32 B R AR R IR R T
CRISPR-Cas9 & 4t &= % H CasOAZ IR N DI il Fl1 81
] RNA (single-guide RNA, sgRNA)41 . sgRNA 5
Cas9%5 & % i #% &5 [ (ribonucleoprotein, RNP)
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SEW), RNPUUNREE B 27 41, #1115 5 DNA
XUEEWT 24 (double-strand breaks, DSBs), #t 2 i 41
JiEL P YR 1 DNAE R 845 SEBLBE DR R e o 4 N B4R
IEM(1E3), LADNAJE A #i 1% i CRISPR-Cas9 5 4t
BAEBRMARE M, ARl N RFgRik, M
THom iR Z 09181 {H 5 mRNA M RNPE S L,
DNAHI% T B CasOFF LR IA I A, ] GE44
It L R N7 ) R AR e 819101 - H DN AAFAERE LA & 22
15 5 A T AE XU o 10 mRNAA Y 5 19 5 A i
AR KL CastX IRHG, 7T A PRI R A S
SR 55 i A 35 o7 U810 K] A 320 7 Bl A A PR R
I EE B ME . Ding %5 MO I I8 1% Cas9 mRNAFIHE
) BT 8 1 5 AL A 595 1 2% 9(proprotein convertase
subtilisin/kexin type 9, Pcsk9)/f] sgRNA, £/ AT
JUE ARSI T AR N B TR g B, PCSK9 %k 7K1
I35 R [ B 7K P 2 35 R B, 38 | CRISPR-Cas9fA
WA g AT . B S, PRSI — 20 ah
JVE mRNA F5y 2] %5 1] 45 F 0 525 DR 40 4 RCR R 52 )
Yang 55 UM FUIE S BT EEL A 2 A R M
mRNA#HT S48, B35 3858 T mRNARIFRE 1 IF 3
U E R, HAER N Pesk9Xk R g iR AR A
SEPLT AR B gm AR, 3R B RNAZE 1) S50 SR AT
BE— 25 30 JE TR mRNAZE 5 DK 9 4807 925 70 0 7 P
(iR

A BEAR R E RO, & T
CRISPRYEH A B AR FH . Ak, Masarwy %5 112
FFR T —F EGFR¥E[A] ff) CRISPR-LNPI$ £ 5l . 1%
Mg 7E LNPZRTH 5] N EGFRAE [t 4, { CRISPR-
NP 3616 2 L3041 40, Tt 1 s 4n i
IR g oR . T, Leie PR 1T a8
R LI AL 1 P I 1) i SR A K R AH-LNP,
AR AR 58 HH R B R T 3G ORI AR, A B B
AL R ) A TR, SEIL T CRISPRAH 7313
% SRR IR N g . BEEIBIE RSG5 RNAT
TR AT, mRNAS T B4 N CRISPRAE K g 45
B NIRRT B . Gillmore 2 M4 1of 38 4% 1 s
IR IR 2R A Ve FEAS M (hereditary transthyretin amy-
loidosis, ATTR) & & T ImPRH 9T, i i 12812 Cas9
mRNAFI sgRNA, #E [m] i 5 I A 0 3 FOHRIR 2R 2R
[ (transthyretin, TTR)ZwA%3E K], B IRAE NN SZHL T
CRISPR-Cas9/ 3 5E K g, {8 2835 1 3 o 1) TTR
KPR ZEREAG . RFCIZBARI K 44 4 2 R G 4R T

% nex-z(nexiguran ziclumeran, X FXNTLA-2001), Fr &
# CRISPRIE N GYT IE B NIRRT B, B A%
IR O HEN IR AR FE R B B S T AR i IR
FLidk— RS, nex-z AT DA IS ATTREE 2 & 1 pi
2 EERN I TTREL , Il 7 mRNAN TN
CRISPREE A g 48 () R L AT ¢ 1), i — 20, 1X
W ARB DY J 228 E M & % /K i (hereditary an-
gioedema, HAE)S M3 1 28 JE S« Longhurst ')
FER T HE A BURE Ji B1 (kallikrein B1, KLKBI)JE
(¥144% A 4 BT VA NTLA-2002, [FIRfE i 3433 3% Cas9
mRNA & sgRNA, #2428k . NTLA-
2002 DI PR 45 F o, B ikgs 25 RT3 PRI
HAERANESNZ, HAZITIER I BT 2 A ERRE A
VRTTRCR, #E— AL T mRNA#IXCRISPR R4 AE
TEPEIR I TR P RN 7o BREE WAL b,
mRNA#3% CRISPR 5 4t 132 8 ¥ Ji& 22 A QI 155 401
o Laffin®s "R} L4 AE R 2 1 3(angiopoietin-
like protein 3, ANGPTL3)[ Uil ARG 45 Fe 0, il
I LNP#LI#1% Cas9 mRNA J sgRNABEAT 14 A FE [K] 2
e, — IR G RIS A AR RSUR,, ik — P4z [
mRNA/ 51 CRISPRYT AL L LB AR P 3 HH 11
I REEAY, , AAARIIL 1 1 A Ik DR G 8 ph 2 UL 208 £ 0 [
DA AT )3 A A
4.2 WIFEMRNAGERA

JE4E CRISPR-Cas 7 4t AE W% S I ey AU A 2 PR 41
Y, (H LR AR DNA P FI RS s ok 1
TEALE ) 224 RS, , A 0 SR RN R DR 20 AN AR € 1
o PRI, UTEEARGEIT CTERNA JZ T 2 48 50,
A2 RNA R i 2% (adenosine deaminase acting on
RNA, ADAR), H BRI IR (A)F e Ry IS (1),
M ECAERNAFFIME B, Fszm i J w3, ©
BONERIERNA LAY IES0R RAS . 15 3 R R IA R
5 ThRE 5 o T 5 M8, RNAZ 438 i 78 A el AR
FA A DNAFFFIHIIE LT, R 3% )5 BT RNA Sy -3t
ITHEHEAS M, AT ZY IR 0% PE RNAFF 51 o i) 7 8 A5
B, IR BB A R B DI RE, NE N4, AT
AL IR IR T S it 7T T 1] .

Db i RNA G 48 28 452 1 3 [ 1 47 e Hod VG
B, AR [ 585 FRNABC T LL A R B 45 A A AL A
TS TR I T R . 20224, Reautschnig
SR 7 CLUSTER WU 5Kl , i it 7E gRNAH 5]
NFZEF 51 (recruitment sequence, RS), A LLF2A4E B
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Gk -

FERF A RIGEVERT . A TR gm AL ¥ gRNA, FF 68
BELEZM B AR AT I RN A S 48, [R5
T RERRLNL . A RNAZ 48 S H 75 3R A — A7 i
M 2 A7 G B E AR RE , 20264F , Zhuang 5 1)
w7 —Fh T AT RNATS B 1F (adjustable RNA
information manipulation, AIM) ) 554 /il 20 B B R 4,
ZZR G ] LE H AR RNA F AL g 06 DX 428 [ 1R
SER), SEIUORTIA RN RURSAE R, AT S B B 22
MR, R4, Song®E ML T H—fKRNA
w%E T HLEAPER 3.0, 1% T A id 5] A AlphaFold 345
PP A, fEfT ADARY 5] T RNARIFH EAEH , 78
— B R T I RNAY 1R g 48 38508
R o FH Y Bl T ) Ry PR
4.3 mRNANTSERRENARARSHER
SRS, mRNAGER B Rk Ge /). RS
PEFMA N IEIE T, NEER i R G T RIER
Y AR RIA 73, HESN T CRISPRAN 511 2 A 4 48 1
HMIEMEZ D n) WURPE S IR IRtk g . IR, i
T g 5 AR 04 S 1A SRR )i 2, mRNAS F5E [
mH NG A2 7R TE . AR, T A G
el DNA %5 & 5 H 3(chromodomain helicase DNA
binding protein 3, Chd3)3& K 457657 "2 1) i R F 7
o, SRR A ()0 1 B T AN SRR AR R A
HA RS2, MR E 2 e F e 75
(R G i AE 22 A PE DT T P AR . PR, R SRAT i
ATk R G PRI S I 1 S i K i 22 Ve vF
i, ik — D40 v B R g BB T IR R 2 A T .

5 ARERNASE S mRNAZSYIRYIZ TSR
B L 43

mRNAZGY) (A% 0o 382 F1 FH AMJE % mRNASE
NI DA, TR Py B AR H bR, AT
SR TR 8GR YT . R R . A ST
TN TR 2 B 1) A B mRN A S8R ik, B
TREFDIREATH , KX EARBKE. K&
FRELIT [A] DL Rk S A 4 TN R . Rk, A
[F] 57 FH Ak ) mRINA 24 47 75 B AR 4 3 2K B AR T 7
H AT SR B, MR R A g — kg .

7E mRNAJE P F1, mRNAZ I 515 4 & A
B AT R R, MR A N 9% 2R a0 )
Fo DRI, 3X SN FH 38 & B DG VE PR R IA RR PA K
HIB B R AE R . SZAFNE, EH

BRUTIEBERE RS Re R LRI, 772
RERIAEE AR A IEMEWMAEYEE. mER
YT M) 2 Z R B mRNAZR Y Cas & [ 5 RNA %
BTH, St SRR, BRI SRR OR
X 22 e AR R ILAE B R FR AR o) b
A TFBEPURK AL, PR RS R a5t 2
% (1 S I, R IE%8 1 E O mRINA [ R 3Rk R
A ite, T ERABRTENS, WHELEK
HARIAR ], DURAMIUAR B I ThRe kG . 5
DRl 20 4 0 S B 5 — B 5 3K, AT ) ) 2 | 3Rk v
BEH im0 A PRV, R b o 75 B L 3Rk RE 2 ]
HEAT PR AR ), CASCIUBR I RIE . F4h, B FmRNA
ToiE B NGRS A0 I AU Bk R S A
TR SRR . mRINAYS B 38 5 % UL 55,
W R RE PR A SR . A
B AT V2o0) ik AL AT BRI A, 48] i
TEPIRRTT T BB I6I% , T CNSHERIRIRIT
TGS LA R B o xS TR R AR, R i
T H BN REFOREE 1 H bR i, A g8 =4 677
EM

BARRE, mRNAZY) IR KH A —HAR B 1%,
TEAS [R] ¥ o7 4003 75 LA A 10 5 T R AN A R . 9% 1y
SR RS PR KRB M E, EABRITEEE
FEB AR G T RE B AN 78 S K ISRk T 2
DR] S 65 D00 B T 44 S50 S e R 9 1100 S A 328 326 A g 4 B
(R s dEd . B, mRNAZGWILL E & A
PR PR T 32 B mRNAZ 5 (R B R0R , T A2 B8 %
M MRNAZN F- BT 8 IE M RLFI 4 U 1] S 2 (]
e FE AL .

6 DESERE

7 250 56 1R 5 7 e ) K KR R M) T mRNAZY
W R . 3 mRNAE (B DR, TESE 7 3
F LNPHI mRNAZGYIAHUBE AL = [ i 474 L 22 4o
R %k . 45K, mRNAMEEZ 12 B T
1 55 TR LA JHRG S 8 9697 R A B AR T A
CRISPRAE FHI i S AF0k , 36 I Pk e mh 4% J% it b
RO RIS . AT EX mRNAZG Y
XA R AT TRk, LR T8 10
BRI R, A mRNAZIYITE SO R AT T M 45

mRNAZ Y A 7 5 AT R IS . B i
5, DL T BB 1 R (IR IR IR 3, TE
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PR RAE AL GE NGy T 25038 [n) G AL 24
WAL . SR, mRNAYT VAL I PR #e AL T 72w AT T
I SRR (1) BXBR 2 1 AR N i1k 5 e S H 2y
S etk — B3R T, H AT 2 B0E%E REAF L
AT e 2 0230, ] AR X — AR R BB, S
JH 41 B 1) 32 326 A2 Fh B mRINAYR T 2 FH Y [l 0 DG 88
(2) mRNARIRAFRE, HRNase i /7 7E, 1 H 7R
B E& AV A I A B 5 R AR AR, AT HS I T |
S5 A7 EE ; (3) I LNPI#% mRNA S 51 K45
SERIRTANE SRS, mRNAZGY): 38 A, TEVR T I 75 22
W22 RG24, IR o S N BR YT A E, DR dn e
$& = mRNAZY) B 1 22 4 1 2 V) 7 g o 1) i)
.

BT PL BBk, mRNAZGY) 0 A 75 S B —
FORBIHIZ: (1) EBREBRBER ST, REAE S
S HE A R PR, JE e 1 42 R o 2H 4 S e b, S
P VESS B #E M) (selective organ targeting, SORT)!4,
B St L R SRR B 38 T 1 1) M AR B A, SRS
A RS/ PRE i TEZ S ol I N 1 B v
JIi B itk 2L AH 88 ) S R SRR HE R (2) AE Tt
JE I, 5B T8 e SR B 5 2] B2, S8 mRNA
FFHIPIREHETIN, ZE K mRNAFIA P 31, $25
HRIEAKF . B IX LSRR B RREE RS KR,
mRNAFARG BAEZER . EEBERITESHER
OSSR B, 1B R AR A F R
BT IR .
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