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E K A ARA R4 (82272139) R B A EEA B 55 27 b 5 R0 TR XHFF L (PKU2023XGKO11)FlE K & = 8F & 11
(2022YFA1103802)% B

P A R RE &2 B R & 5 5 £ RNA(messenger RNA, mRNA)E R 2 EE R T A g E, £2
HEHZ TREMRNAE G = W By e f £ K 8. mRNAR AR R EEF T R4, BamBEE Rk, £
2 6 JF 4k K Bk (lipid nanoparticle, LNP), B3k #h(& 4 E Rk #fn ¥ 246 F# A mRNAH EE 8 A % %50 T b
# R R, Il R AEFF BImRNA 2 4 57 B #890%-, 7 £F 4 8 FLNP. 18 7 mRNA# 3% 473 % F 7 # 8 9 2 £ 4K, LNP H
G R B & % KR, Y ATmRNA-LNPH R 7R IF 8 3 . U 0 3E S B9 A ¢ 4 40 B = I B P 3 0 JR 2, (84 3T
SA LB R HEEAGLEFAREY. T RAMYT EmRNAG SR &, HRF CERRE HEARF R
ALNPHE % #HBK. T, AXE RIS T Y04 2 2 A mRNA-LNPHE A 8 #F X K ok, WAHELNPA 7Rt

EH BT BEGEBE. 287 0T, HFHEREZRGEARKN T REET W,

Kkl

H20194EAES,  Hr U e IR b 5299 (coronavirus  dis-
ease 2019, COVID-19)&E 23K, WAL T 2ERM:R A2
TAEMER. Hr L R R DR 2 8 A A AS B AR (e )
mRNAJE LA, AR ) B AF & B ) A R
PFNSE EARAE B, A5 mRNAJE H AImRNA 25 ¥ 0F
KB R AEFRIEE N L. 20214F, MIT Technology
ReviewPF-PEmRNAYE i WA+ RBEMPEF AR, 2023
4, NatureFFEE mRNAYE f b & 51 R {E15 1 Ao
JiaZ—; ARG ZHEA B Bk Az 4k, (Y
20214FE P, 2FKmRNAF AU N 18 Rl F 4w 2
KI0LIE, WREH20Z2/FTC. XEFATAKH,
mRNAF AR ELE MR AR A 1 & B, 1IE7E R
R A 7 N R R

Jig 49 K BURL, mRNAGSE Y, RS w3k, 49K EF

mRNAZG Y I FH = BEAEAE A OB ) R — T THI 2
mRNAZFA S, HARE Rk RS —SL A e
RV, YR — R ] 5 | AJERIAZ R (A
PRUENE . N1-FH Bl R W WE 45 ) HE A T8 i 45 AR K i
M mRNABMH; A S0k Katalin Kariko 5z Drew Weiss-
manZ{ AR L 202 ARSI e lm R B2 7 2. o —TF
HUEZEMEGEE, HFmRNASTER. #Hih
FLfur L2 ) W A e, DRI 3o 6 AR 1) R 9 A K
WA 1 2% 2R AR D B mR N A HEA 41 b 04T BRIk,
B J 40 K ik (lipid nanoparticle, LNP)isi% 284K AY A W
R mRNALE P R & #5 1 WCh S B I P
HIPL 15z 1, 7ER S RNAZGYIIE & iR R, LNPHR2E
45T, 20184F, i Alnylam/\ R/ & ¥ Onpattro3R 1555 [
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BB SR (Food and Drug Administration,
FD AL FIATT o 8t 14 P FROIR IR 28 28 Ve M ke
UG IRNZ REMERA, XD L SN
Y HEIR (small interfering RNA, siRNAY7:, HA
R S, b T PR 2 AR EJEMC3 LNP(D-Lin-
MC3-DMA, fAIFRMC3)™; 20204E )%, P COVID-19
mRNARE IR 5 S AL (5 24 B 3R A5 1 =0t
e, T 5h A FR53 A Comirnaty FlSpikevax) FH FHEHT 4>
BB AL AR BRI AT, ST EmRNAZGY)
P RIAIH, [FEREILNPES A £, X EERNAZEHY0
F1H BARR AR E LIS, LNPi#h 26 A EHESIRNA
R I B AR —.

22 0 I o gl R R 32 25 4 RP 2 B A IR 5 T
AR, GBI AR B OCHEAR ) i B MRk
Mg, RHEREFISR 2 —EEMBIE B (14 1)), mRNA-LNP
A B PR EATT : H2E, FmRNAS T AR T
Z P (WpH. 4.0F PG RRENTRT); HK, KR4S Rl o
O PR BTS00 s e T W e, RGO
PSR B KA AR (31, AR EL ) PsiR & R AT 5
mRNA-LNPR il . F/KAABRTEARSG, T &1k
BH 2 0% B 1Ak s TE e, AT A o e e AR T
VEF 584 AUR T I mRNAS T-25 4, 111 52 80 %t
mRNARELEE. BEfS, F7EpH 7.4 BEIRERZZ piiE A
VISLINIP LA g S L A e G e e o T
AR MU BRAS, IR LNP A 2 1 — i 5 B 1
HLR AR, — HZmRNA-LNPEA 20 P R /v A (R
PEIREE) A, LNPIU FRUCHT I B for, RS 5 A4 R & A
Rl (2 mRN AR 2 M b A7 s A B b sdix
SEEEPE AR LNP A %4 MRUEERNARRE S, X
0 ZLNPfE fe 2 L) 1 S5 R 25 P A

H AT, RNA-LNPH AR C 278 P8 26 (FD AL )
Onpattro). AL 1 G CGor A4 el PR 75 8 1E ) AH 5 v v
WA B RS Yy, X F2 25 a5 T A S ) s 58 45 2
LNPHAR B AE. R T 7050 K FEmRNAFE AR, Wnfik
BAR . ERCR. RIS, PRSI LNPE X E
2 ABEINEY SEmRNAZGYI N 7 5. R SO E A
A ZAATIE Y I LR IF ST SRS R Y BRI, e RS i
17 T ST Te R, WHEZSCRENS Ok i) & Je 42
P HIfE S

1 LNPR:JLAE
WIRTSCITR, LNPI A b 4R s 4B, X —

FRPEAFLNPHI R X & 24 B HA R0, i
ZRALLNPRIE T RIS TR AR, #RlkiESTS, LNP
SAENFATEA AR R W00 & 4R, 3Kt 75 A0 ) s 16
X2, B SCHRBIFDALAERIMC3 LNPEI A TR
li) 6 A ELAR R g R (5 LI 2), e B SE
JE T4y EALHIBA R, ZFLNPEA MR P GRS,
W A5 PN (] 0 1 4 2 T s (el o, R4k
HEVE FH B9 23818 2 1 E(apolipoprotein E, ApoE), ApoE
OO I B P2 B 3R T A2 AR (% BE AR 2 24, low
density lipoprotein receptor, LDLR)ZE4&, M7 SE#E AT
3830 AR, AR TR ] B LNPRERE ST &, il
11C12-200 LNP, 5A2-SC8 LNP!'%%, s 4Ll 4
SR T ApoE#E /- Sy« N IEAT [ T S5 B, e b At
(P X mRNABTESE 11 P A SM-102  LNP(Moder-
na)fIALC-0315 LNP(Pfizer-BioNTech), 7E#tIkiEH 5
0 B AE FF MRS A T mRN A B PR Rk (SM-102/
St L IE2).

AT IFAEIB 2, AN 28 [ 5 2% i AF 58 A X
AT, SERTC AR R, RAELNPRYEC T AR K
T B EmRNA R P A 6 T2, R
1 ER 2o X [ NP By P Ak 4% B —Fh faf 2 17
(A NI ) 35635 SR WG . 20204, SiegwartZ#2 BN
T T P2 Ry PR 4 B L ] (selective organ target-
ing, SORT)LNP#EEEIAR, SCBL T AEHE. &b M
JIFAME [ mRNAE L W (513 (a)). AT T7EE e DU 2H
Sy HFRE R LNPIERE -, QUM T 288 AL (A 4
HSORTS¥), il#sth izl /- LNPIA R ({RFPESORT S
T2 AZER WLEI2). 24 SORTA> T Ay 1F B faf A i
BF(ATDOTAP), LNP A mRNAKE S 1% B il 2 14
M SORT /¥ Ay 4 FL far fig B A (UM 18 PA), LNPIIPKE
mRNAFER LI AAERE; MSORT/F M1l B+
1L BAES 7 I8 B4 I (WDODAP), N LNP 41 35
mRNATERFER IR, (EAF—HM R, A RaFsE R,
SORT 3 WY BE AN 361 G 5 70 T B 4548« 5 24571
L R AR R, R ORI R RT [RIE, X
FhAEMEAESA2-SC8 LNP. MC3 LNP. C12-200 LNPH
Vszol 7 . A . . PR m sk, HAHE
WEIESE . X — & RSP mRN AL LR 5 15
ARHE T — 2 BTR SR AR I, AU £ R
RIALAE A AR D FRAF I 2 2 ZRE 41 2150
[E]LNPARAR, HE— AR A O 3 3 00 i s
J5 Gk T E . P R S T H A mRNA,



Bl 1 (MR )mRNA-LNPA il & LK AR SR AR P 7~ 2 El. Created with BioRender.com

Figure 1 (Color online) Schematic diagram of preparation and evaluation of mRNA-LNP formulation. Created with BioRender.com

B 2 AR TR IR, B, HEEE. 32 Z#(polyethylene glycol, PEG)BBkAR BT FISORTAR Wi/ T M fb 454
Figure 2 The chemical structures of representative ionizable cationic lipids, phospholipids, cholesterol, PEGylated lipids and SORT lipids

FHTFAH LGB 6 7 P A Eh P 5 755 ) A& A AH S0
A% ELS FHRT 5. Dong. LiuflWangZ5F A" 445, F
FHRHHE ] SORT  LNPH AR R 1635 T REFE A fiti 20 21

FIBGLIYCas 13d4m4R RS0, SLIN T XEHEe w5 B 1)
AT FIETT. WS, SiegwartZB 2 A B % SORTH;
ARAREHLHIIEAT T IER(E3(b)). AR, B AR A
HUHIZERL, ARIZEEISORT ST 1 HE S ELNPI A
R 2% 1, RSB SR R M EmRN A . i

XFANAISORT LNPEE FIE R s o4, A BUTHE i)
FIELIE LN P B ) 3 28 11539 S ApoE . vitronectin
FIB2-glycoprotein I, iX—Z5 4 AR AR ZUHE L
HlERHE TR RE. SR, SCHIRIRCR BRI EE RiE iz
R, AT FIHE.

B R Tah, R G e R A SR
PELNPRYHE M. g 138 i 30 388 0 70 7 £ 07 128
F2, Dahlman#( 4% S\ F| FIDNA &K% (DNA  bar-
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B3 (M) HE NPT S A mRN AR ZH GV I8 1K . (a) REFRPEAS B FLI6] (SORT) B A AT SEBUATAE . iAEFNHAIE B4 57 EmRNA
#3%. Reprinted with permission'"”. Copyright © 2020, Springer Nature. (b) SORT LNPA5:{y#- B # ML T BE 2 fh 25 1156 i e e A0 s
. Reprinted with permission'"*. Copyright © 2021, National Academy of Sciences. (c) il T DNAFIEALH AN LNPAL J7 #EA T8 0708, AESL I
5 MEMRNA-LNPi$%. Reproduced under terms of the CC-BY license!'”!. Copyright © 2018, Melissa P. Lokugamage et al, published by Elsevier

Figure 3 (Color online) Tissue-specific mRNA delivery can be achieved through optimizing LNP formulation. (a) Selective organ targeting (SORT)
technology achieves liver-, lung- and spleen-specific mRNA delivery. Reprinted with permissionm]. Copyright © 2020, Springer Nature. (b) The
mechanism of SORT LNP organ targeting may be determined by specific components of the protein corona. Reprinted with permissionm]. Copyright ©
2021, National Academy of Sciences. (c) High-throughput LNPs screening by DNA barcoding technology reaches tissue-specific mRNA delivery.
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Reproduced under terms of the CC-BY license!". Copyright © 2018, Melissa P. Lokugamage et al, published by Elsevier

code) FRBEM 7 AR FF & T —Fh 45 JIORDAN(joint
rapid DNA analysis of nanoparticles)ifF2s 5, 15K
M T 38 o0 O R DN A 91X LNP A 5 4 T e 2
HE(EI3(c)). BE—FPLNPAL 7 X —Fp i EF I DNA SR
LS 271 I T P = W 1 175 v - N i £ 5% NI i
A TBCAFILNPAL 7, JFRINLNP 542, A%
Sk 2 e 21 FEE AT AR T, %
kL F FIDNA SIS il s it R 15 8] 7 B
—SE IR SR LNPERE R R P BAh, IR 7E
3L td-Tomato/MR Y, il LNPHAAUZEDNASIE Y
PA K Cre mRNA(Zif5CreE 4, 1T PAFLEtd-Tomato¢
MR HRIR), FZERE N AL AT LS HrLNPAE
AR oA, S0 LARZE R mRNA R R,
TRk A o6 15 B4 SRS il 44 W FIND (fast - identifica-
tion of nanoparticle delivery). Fl X —HAR, Ml ik

4

T AR E B, 5 HTLNPAL 7 X mRNA-LNPi%
BEARCR AN VRS S v s e O i B A O
M7, X FDNA ST AL e AR K R 448 T LNP
T R, $ T IR SRR

2 ERRT BN TR

LNP A& AL B FRR 4y F i N, 5
mRNARELERLR, SRR BB, R LA
W R EENH Z—, R st
Fw. AR, — S HA AN S A AT S TR B
BTN B /e AN T Bl 2 RN S SE SR (4). Xud%
VA e IZ07 6180 T 3822 Bk, 20224, %A1 AR 3%
SR INA S B BTG i LA TR s 5 440 1 mT 14k B
B84 T-(11306-N16B. 113-N16B), B 1158
JIg - HH [ EEFPEGHS B 41 & il 4 N- R 5 LNP (/44



B 4 (MR G A TERBTN ] BB B 78 B U mRNAZH AR 81k . (a) MRS mRNAEEAIN- I 0] B AL 1
J5i. Reproduced under terms of the CC-BY-NC-ND license™ Copyright © 2022, Min Qiu et al, published by National Academy of Sciences. (b) 1&1fii
2 338 T 1 T B A B B B 5 45 S BRI R [ A R 24 401386 3% . Reproduced under terms of the CC-BY-NC license™®. Copyright © 2020, Feihe Ma
et al, published by The American Association for the Advancement of Science. (c) FELEHE M mRNAJHE )] B L BH & 5 Fi(OF-Deg-Lin).
Reprinted with permission[zs]. Copyright © 2017, John Wiley and Sons. (d) i1 78 1] B b BH & 7 B8 B & 33k TR IHE U IR 3L A S mRN A 36 2% 2
HIMIAEE. Reprinted with perrnission[27]. Copyright © 2019, American Chemical Society

Figure 4 (Color online) Tissue-specific mRNA delivery can be reached by screening ionizable cationic lipids. (a) Lung -targeted mRNA delivery was
achieved by N-series ionizable cationic lipids formed LNP. Reproduced under terms of the CC-BY-NC-ND license™ Copynght © 2022, Min Qiu et al,
published by National Academy of Sciences. (b) Neurotransmltter-modlﬁed ionizable cationic lipids enabled brain-targeted nucleic acid delivery.
Reproduced under terms of the CC-BY-NC license™™ Copyrlght © 2020, Feihe Ma et al, published by The American Association for the Advancement
of Science. (¢) The OF-Deg-Lin ionizable cationic lipid formed LNP mediated spleen-targeted mRNA delivery. Reprinted with pennlsslon Copynght
© 2017, John Wiley and Sons (d) mRNA-LNP can target the bone microenvironment based on diphosphate group-coupled ionizable cationic lipids.
Reprinted with perrnlsswn Copyrlght © 2019, American Chemical Society

(a)). IZLNPHT L SZ B E AL O mRNABT R 606 P, 0 BRI S5k B 7T 857~ A0 FH 5 71 S5 AT 455 B LN P S 505 e
R EE A S TR LNPE & B EH 22, X— KT MmRNA %Y 5224l Anderson#(#%Z [
%516 5 SORT LNPEMY, [FIRERE /R T MV B A4S AP R IEOF-Deg-Linfl§ 45 H, 3 Ti%I5 R AILNP
RS PR SCEVE . Al B AR IE, B APKEmRN A [ 326 5% 22 PR A2 LA Bk T 40 i (1514
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(c). ZF\Mh 21 [543 1T LA S I 5 B 14 05 %, Xu
P2 AP T (I 2188 T A T S AL B S T
BEFATF, SCBL T AR HE 4T A s s 2% ([l 4(b).
A2, Mitchel 2452 A1 BA 77 w] B AL B B Tl L 1%
TSR IE A, 38 o DUBE IR 5 A1 5B AR P B
(465 A L BLLNPER X B TR BE M mRN A 2% (K1 4(d).
DLk SERFST FE 4 UE A, i X A A m A B
R BREEF TR e, v SR IFAME 2T mRNA-
LNPHE ]38 326 R R (K14).

3 R PEDUARE

PO A 5 S A TR A BiF 2 3 AR A i) LN P4
HET AT, TR, B PR IE M LN P [ i 16
mRNAC & A R EHE (145). EpsteinZ 42 41 B *17E
LNPZE &M T CDSHUA(CDS 5 A 7E T4 M 2 1),
B g i AP SZ R (chimeric antigen receptor, CAR)
I mRN A BE 3% 2 4 P36 30 T 40 j I 78 1R P9 A= i Ao
CAR-THI, wIA G DN 4Efk, WA O EH 1)
fE. BR T CDSHUMR, HABESE A BRI T CD3HiiA™
B CDAPRC SABMILNP, BrmRNASE T 1% 1k
PIAOTIRCL A0, SEERAE R TN AR TG fh ol 3 o g A ek s
XS EA ST | & E N AMAR G, B mRNA-LNP
Fe AR St JF AL CAR-TYF L O 58 B e 7L A BUS 72
SCTE R E. B TAEMAT 41, Muzykantov A1 AP
FELNPY R B HECD3 1L /4(CD3 14 P B2 41 i 2 i bs

NI T AR ) EmRNAS 2, I HARA] & X
Fsh % 7 2= JE ApoBMKI Y. 5% IE, Anderson1BA"?
FIFHCD I 7THUARMBEHELNP, e P SEBL T S0 i i+
21 AN AT M mRN AR 26 DL K FE PR g, ks 1fi 40
L PR AR A TR R SR, DL B HUIRIBILNP Y T
AR T NS E /A EmRNAE R, Al K25
LNPAIHEAE AP #5mmRNA A (s 26 1K), Xt
R AT B R AR ) 7] 2 —.

4 iR

PR AR 25 2 7 At SR S B A 2R S e 0 1 TR T
Bz —. mEemN, BREghkidgt, dnr LE LA
By BN EES S WA AN 7 58 BimRNA-LNP
M52, HErHRH I B mRN A % FH LA 57
A, 1207 PuaE 2 A0 RE S PR BT mRNA-LNP,
DT R R S e B RON; [FIE, A RAEFR B, T 4525 K
D) AT BE B G S BAT XTIk B 25 R R I kak, A Bh T
mRNA-LNPEE G R R 945 2507 0 TALI
PILNPHUAR 7 A B RS2t b, &1t if
A, JUHORIEEYE A AGE LA, ZEA
SEWNE LN ] GER T2 251%4%. DahlmanZ % H
A B X 2 A AT LNP AR I 54T T Ak, FFH
TE UL B TR B AL TP B 55 LI AmRNA-LNP(F ik
Ayt /N B R B PE. N AHT, AndersonZ
P2 BN T TR A 25 09T B AL PH 25 g

B 5 (MR CRMPIRMBIHLNP IR MG DL S P B /40 i AU mRNASE [ 3% Created with BioRender.com

Figure 5 (Color online) Representative strategies of antibody-based LNP modification for organ and cell targeting. Created with BioRender.com



B 6 (MU () EEMRNA-LNPH B4 24 77 AN 3% 5. Created with BioRender.com

Figure 6 (Color online) Representative topical routes of administration and applications of mRNA-LNP. Created with BioRender.com

JF, BENS S CR A AN M mRN A 126 FI1KE K]
Y3k, Whitehead ##5% I BT HF ST & 8L, 1 10 TR 4T
mRNA-LNPH] LU mRNA =20 i 2 RRH 2, it
45 BRI e 45 M7ty 1E HL W PH S TR JiDOTAP, i i
T JEmRNA-LNP AR % 2 R A T W e
{51, Gaurav Sahay #5241 AT FHBE S AR P 1 S8 A J2%
64 B0 ] 22 BRI NP2 3 1 4 X6 IR 8 AU mR N A i3
3SR B 13 R L P24 sy =W 0B vk £ S SE =8 LI B BES
mRNA-LNPHR{E T 55 —i&4e, JoHRE X FRZH LN
LGS

5 Raihhes

SR FEmRNA-LNP 85 A% 45 A i b s
KIBEANT MmN shF1, 5 R ety 7 2 3] 2 /%
BEARMA R ZAL, E N ANE B e G AR5 %A, TR S
JEEAE T2H AU M mRNA-LNPH AR A A . M
BEHEARETF, FFRAZ. A mRNA-LNP$ % H;
AR, BHUEEKAY STEmRNAF AR IR 5, 3 h1%50
R AR Al sl R BT R, ARSCE R
G514 H LI & SR, SR AZ A 5 U A e
Ja k. Rk, SRR LS ITAE, AR

FHLG—E R TH L. e A n] & L& 18
AL RTET IR Sk, SR A R AR 0 ELE T
TN s D6 RCR LU R M, BT —2 R0 E B LNP
A7 Bl IR R TAER K. S E ks
Bk, RAESORT LNPHEH T IR AT & 7 1w, {HFHES
TR BHE AR A I AJE Sk — i i 4 el
AThs BRI PUARE LN P 4H JLAE ] 326 1%
FHEA KIS, (HHHASERREE, flg T ARk
SRR Z AR AR TR, BRLNPEARLISN, )i i
mRNAZ FARG IS, E AW FE, i i sk
WERNASTH B S, e RetERik, X
BE R A & mRNA-LNP A6 #2626 B R 380 T 258 %%
L gesh, EREEE . A TR R RS T, ¥
H FH AR A mRNA-LNPH- % 5 A Al GE KRB 2
FHIF R BRI

i LAk, A4S M mRNA-LNPE R A &
KIORLF 3 CMZ BN E. 18 FHZFLNPHE L S
BlAmRNAJFHIE & 45 G et NN TR REH AR, A1
(G B2 R R BLN . VRS R
W2 A AR B A R T 2k, IR HEsh S
mRNAH 2 IR K.
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The approval of mRNA vaccines for coronavirus disease 2019 (COVID-19) has garnered significant attention for mRNA
technology worldwide. This milestone has had a profound impact on the industrial transformation of mRNA in China, as
evidenced by the increased number of startups and financing events in the past 2-3 years. Regarding mRNA itself, in
addition to implementing chemical modifications, such as pseudouridine and Nl—methyl pseudouridine, to avoid innate
immune responses, efforts have been made to enhance stability and scale up production to meet clinical needs. Also, the
successful application of mRNA technology heavily relies on safe and efficient delivery vehicles, particularly lipid
nanoparticles (LNP). The initially approved mRNA COVID-19 vaccines, Comirnaty and Spikevax, have benefited from
this delivery system. Furthermore, more than 90% of mRNA drug programs in clinical research, including cancer vaccines,
infectious disease vaccines, and therapeutics for inherited genetic disorders, also depend on LNP vectors. Notably, mRNA-
4157, an mRNA-LNP cancer vaccine for melanoma developed by Moderna and Merck, demonstrated positive results in
clinical trials and was granted Breakthrough Therapy Designation (BTD) by the Food and Drug Administration (FDA).
LNP typically consists of four components: ionizable cationic lipid, phospholipid, cholesterol, and PEGylated lipid. Each
component plays a crucial role in the stability, function, efficacy, and safety of LNP. The ionizable cationic lipid, in
particular, is considered a key component and researchers invest substantial efforts in designing and screening ionizable
lipids. These lipids can interact with mRNA molecules (which are negatively charged) through electrostatic interactions,
encapsulating them in a low pH buffer. The charge is then neutralized upon buffer exchange to a physiological pH (pH 7.4).
Once internalized by cells, the ionizable lipids can regain their positive charge within endosomes/lysosomes to facilitate
mRNA release into the cytoplasm for translation. Phospholipid and cholesterol serve as helper lipids, contributing to the
formation and stability of lipid nanoparticles, while PEGylated lipid reduces LNP aggregation to prolong in vivo
circulation time and decreases phagocytosis by circulating immune cells. Currently, biomedical applications of mRNA-
LNP technology are more advanced in liver and muscle targeted delivery. Examples include genome editing for genetic
diseases in the liver via intravenous injection and the development of infectious vaccines through intramuscular injection.
However, targeted delivery to extrahepatic tissues remains a challenge that is in the early stages of development. In order to
maximize the application potential of mRNA drugs, researchers have made significant efforts in this direction, resulting in
several reported approaches. This review primarily focuses on discussing the current strategies for developing tissue-
targeted mRNA-LNP technologies. These strategies include optimizing LNP formulations, screening novel lipid
molecules, modifying specific antibodies on LNP, and exploring suitable administration routes. Additionally, potential
future directions in this field are briefly introduced. One of them is delivering therapeutic mRNA to specific cell types. To
achieve this goal, further efforts are needed, including understanding the mechanism of tissue/cell targeting for better
design of chemical structures, applying antibody modifications on the LNP surface, and exploring novel RNA molecules,
such as circular RNA, which is believed to have cell-specific expression profiles. Overall, the information conveyed in this
article aims to provide readers with a deeper understanding of mRNA-LNP technology and its potential in the design of
targeted mRNA-LNP therapeutics.

lipid nanoparticle, mRNA therapy, tissue-selective delivery, nanomedicine
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