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% Z/#RNA(messenger RNA, mRNA)E 2 F 2 BB B H K, 2 —Fr Z ot RERLAWER BT FHE,
Bl TmRNAGD FIIA R E M m Bl XAERT R ALARIER. XX TFE, c25ITB4EY
F AR XA E 17 DLmRNA W 2 gl 89 35 B 36 97 77 3% B i A& 303 W BOE I R 767 I . A SCAmRNA B 7
b KA RmRNA R IT B ARG #E T HERT £ EL TR LW FAEMRNAZLE BT PR M. 58—
Wl EmiE R EORTT EES TR ANF 7 18 FmRNAG %I, A SRET A A TR%
T E A B T A X AR E MR AR R I E mMRNAZE BT F &, BAl, REETmRNAWERFE BT
FEERSZBENIEFTATIIERN &, EL2MITHELSEEEWZ T T EZHRET 28 H —RKmRNAZ FY

A

Keptisl

{5 RNA(messenger RNA, mRNA)ZEGE(5E 81
HRE RN A P R TR R AR, RIE, AT LB SN
mRNAG| AR IR EOSE AT EE 1. 7E201H 28 704F
W, GurdonZ A e v R R S 7 v A JTCHE B R
AR IGUE T RS, DImRNA LA B FE AT
IFEIHTET: %6, mRNATERAG T IZ RN
FH, mRNAATTZLTE AN AZ T LR 40 5T P 2658
ARSI HIEE, B, mRNAF] PAZEZEE 4 2ak A~
SRR R AEVER; HIR, mRNAYT L EA B S
iV, TR IR A MR AT R0 R PR 4 A ARG AT
AEPE, FRAR T S53EATT RS PIAS 3E ZEXURS (1 32 3%
PRI 1 45 LGB IR 58 70) ) e, R R

REENF, HRENF, LFBIFmRNA, £ FH 5T

mRNA Y 2F- 5 B A8 32 B AT DLl 35 25 44 F A s it
KHE, HISmRNAZEZG Y)Y 254880 J1 % (pharmacoki-
netics, PK)B i1, 2o f #ymRNAZS A
3 2 i A 7 i A PRV (good  manufacturing
practice, GMP)BIE T A FIZ&4F. tbsh, FIHANM A 5%
ML A LA TT M A A AR 0 B B i A
B A RIS, X RSN Bl i E 4 8
AL

UEAESR, mRNAVE—FGYT B, TEREPIIRTT Ot
WH#HZ 8 EM. KIS (in vitro-transcribed, TVT)
mRNA R Il PR R RIS, A ity
L ER 0| Al 1 4 S =S AVEZTL 710 O i SRS T o b ey 1o )
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A% h & 2021518 %66k ZE3H

BT, K2 HmRNAME A BRI IE4 T
I R G A& B B (https://clinicaltrials.gov/). #EREPAY
mRNAJ 7k RACHR S R B AE SR S 1.

A mRNAIK S H AR AR N Rk IRl —
PR AL GE B YT ik BB X 7 L. RS mRNAE
B —RIETERIRIT 254, (B —S 2 mRNAIRYT AL
R R DA RS, AFh ] B, etk &
P I PN AN N % A, DAt — 20 S R V2 1
P AR, A R mRNAF AR B AR KBS % J U,
XAt T AU HER, REEE RN E Y7
SRR TR G RAEY W E & B S
mRNAFEPRNAYTEGRBIRE M B 1Y, T2 tifbigit
AT TR AN E BT ARV, TE i S TR AR
Pem T RATA BT RGP TS5
MIRETT. A SCHIAR T mRNAZE R vk (04 i AL # R
s, SR B RIR T S TR A Y2 Jr i n
TmRNALERNGTY AN A8 FmRNAZ i, el
Mgt

1 mRNAR)EREHR BRI Y6

LA BRI e ) EAZ A I mRIN A 1) 4544 38 A
5'MEFZ5HI(5" cap) 5'-AEFHIEIX (5'-untranslated regions,
5'-UTR). JFClEEeHE (open reading frame, ORF). 3'-JF
FHE X (3"-untranslated regions, 3'-UTR)F1Z R IFH TR E
(poly(A) tail). WIRFFER B RS WAIENH, 7
BT mRNAZE R 3E F % &5 | ART Sk (leader  peptide)
{55 ik (signal peptide, SP)RIAZERFFI(E1(b)).

1.1 5MF 75518

S'IET 45 FRENS S5 EAZ R IR N F4E (eukaryotic  in-
itiation factor 4E, eIF4E)254r, SImRNAMEREIFE
KB AT A M mRNARRED B, HEA
B IR . SR T ZS A RE R mRNA SR SZ AL RS M Y
PI), JERSEmRNARTARGTHE . SRR AR fb A i iy
2 A A TR s A RIVT mRNAGE H{f
FHMEZERIY). w FIEZE Y £ 24525 m7GpppG
1B 254 (cap0)« m7GpppGmiB LY (capl)-
m7GpppGm2IEZE I (cap2) LA BT T4 1 2D
¥ (antireverse cap analogs, ARCA)FIB-S-ARCA(/€]1(a)).

TEARSNE S R P, m7GpppGas & 1 ) AN E 4
FEUE T N BRI AR, ZE 1 3E mRNA R #
PRACRIRT. i TR, fEm7 51 (m7G)H
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C2-5C3"-fii b AT, T4 T ARCA. ARCAARRELL
AR TT A, PR AE—E PR 42/ TIVT mRNA
A RIRRCR. S T R R mRN A 25 IR A 41
P73, IRl HATIFAERSE AT, K ARCAZE 7L
B, AN B~ TR Fb (50 P A AR TR T2 i 1 R 2 (A )
(B-S-ARCA). 5% {E/R, S5ARCABm7GpppGAHLL, B-
S-ARCATEW ZE M it (dendritic cells, DCs)"H REREHE =
mRNA Y B L AEIE K mRNA R 2" p-S-
ARCARBEHEH IS R0 B IE FE B R i (scavenger decapping
pyrophosphatase, DcpS)Z=MEEFAIEF, MM ZE K mRNA
g o, R B B RR Y B-S-ARC AT
TP A mRNA,  H 7 A BT e S s 22
KFFRHEARCAS B AImRNAM Y. 141, B-S-ARCA R EL
A AR, e/ LR b R AR (HC T FIA A
AHIDCsHEH, B-S-ARCAMNIE A mRNAR] LA
1, T7E AR DCsA A A RE! .

FERPE RS TIRNAZIRSS,  WIRIG-I(retinoic-
acid-inducible gene I)FIIFIT1(interferon-induced proteins
with tetratricopeptide repeat 1)5EHEIR A /MEMRNAF:- =
Ae B B SRR N, A R A T Y B R B ot
KAl REMHI mRNABI B R RIG-1fiE B cap0 g
mRNAE, (HA B cap I NIE I mRNAE, MIFIT1S
capOfty Ay st 1,

1.2 mRNAJEENEX

mRNAFEH% X (untranslation region, UTR){4$55'-
UTRAHIZ-UTR, HA & ZRfETTir, X eeoofhxt
mRNARFEPEFE H B SRR CH Y. A EY
mRNARJUTRsFER 5% 5 3R R 5 G EH, 45
FmRNAFAEME, JAmRNAR I 4052 (7, %
HImRNARY R 32 LA K iR 20 181 (o) JRom
T AR rh B TR D REFRAE.  S-UTR M
ToLEE, PR AR e R Gy BELAR T /IR A 7 6 %)
ARG UTRA S SCEMBIGR R, 5'-
UTRIFIIN THE A BRI R KR, 3-UTRZEmRNAY}
FE A0 SR ) 1),

KB M mRN AT E P A=A F o8 5 7
F3'-UTR, HIHA K3 -UTRAImRNA S FE 4 5% 6
JEETTE, IR BRI ENERY. AU-E ST
(AU-rich elements, AREs)FIGU-& £ IG/4(GU-rich ele-
ments, GREs)J&3'-UTR BLi i WL A FasE E 917, 18
A mRNART, F5 2k ik SRR e 5, i A%
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Protein complex

(FIZE R () mRNA Y T B4 N L TRES. () W ARSI, (b) mRNARY) FHEEH. 5 cap: S'MET4544; 5-UTR: 5-AE#HiFIX; SP:

& T Ik; ORF: JFBIiEHE; 3'-UTR: 3-3EFHIEIX; poly(A) tail: ZRIFHTRIE. (o) IEFEX AEEMTTIF S HIIGE. o, Fet gz b, v, WAMUEN; o,

mRNAEREE; &, BIEFERIL. [ (c)Btd H SCHk[19]
Figure 1

(Color online) The main structure of mRNA and its engineering design. (a) Commonly used cap analogues. (b) The main structure of

mRNA. 5’ cap: 5’ cap structure; 5'-UTR: 5'-untranslated region; SP: signal peptide; ORF: open reading frame; 3'-UTR: 3'-untranslated area; poly(A) tail:
poly A tail. (c) Structural elements and their functions of untranslated region. #, Transcription control; ¥, subcellular localization; 4, mRNA stability; &,

polyadenylation. Figure (c) adapted from Mignone et all"

SE MITTI LABGEEmRNA R ], IVT mRNAZfH 2R
HH F(globin)[JUTR, 7% a-FIB-globinf*3"-UTR mRNAR
PRI d, O T3 -UTRE A AN LE 1 W e
B AERE IO A B A% A 145 4 e (nucleolin-
binding element)”™”. £ 11 %15 15 Il S HRGEL A, BEA AL
EZS T 21 S

1.3 ORF

ORF24 i H bR A X, [RIRE, 78 gmt X T 5
B AREsEUAFIUU 1R & S B A T2 2 RNATT

. g X GCEEE—NEHEEMSEL I, ORFF
G BA —E B PRI B ERCR, & UJTS1
Fl—SERNA SR A5 HAT e flE, 6854 FRNA
fE %4, ANTollkE3Z {4 (Toll-like receptors, TLR). RIG-I
FIEE IR (protein kinase R, PKR)Z A HAEH, 520
mRNA M E PR, oM A mRNA Gy [
fit T mRNAYTILR A JE.

B T AEREEE A S5 5, BIHLORFANRER L
fhZEF TOE—FE A F %, ORF AT LA 2 S+ {9
PEHA TR, BRSO T8 FRNAMRLE, 14+
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v WS B R O A . AR,
WA AHERAF, BERS TOL A T RERZ N & 1 TR R
FIZNRE MG RE IR TR DAL, tunT BERIR 1 AT
RNA A FTEAE R ST LY. BRI A I or,
A PLE A S R A A e, B
P S BUERIE . HEE G S G 8 B BHEA RE i
(P iNE =S AR Sh i [ SR A LR R R A NS

1.4 poly(A)E

poly(A) 55 5"F &5 Fa A At 22 Foh e 52 R 2 Bp )
JEFEMRNA BB R E 1D, & M mRNA R poly
(AR AT LAFEAR SN S A =R, ] DUAE % ) e il
TE BN Al SN AL SR, TN ME LA i poly(A)
ML, MiXERLGE— Btk AR i . AR, 4
L MEDNARIR H 5 A poly(A) BE: SR IP AN, AR
PRGN S S Ry Y] = AR RE KB [ poly(A) . Hi T
TN PRI A FH Hh ) B b A s nl 25 52 P 0 0ORS
AR 2459, PRI L™ E poly(A) R Y 7 125 BE A2 Wil

KEFWFTREY, S¥poly(A)REHIKE M KL
60~70 nti /i3 100~150 nti}, mRNA K EHPRHES AT LLLE
5. XDCsHIE Fpoly(A) B K E R A,
J ek Bifipoly (A) BB 1 B R ImAiB4 fin, 1M & 1204
HiEpoly(A) FEmRNA M [ 7= i i ).

2 RIMEIKmRNAREVERIRGA RN BT

2.1 AEAERE T RRSGEmRNA RS ME . oy

PERIFHFECE

mRNA 45 B R BR 24k, (Hil FRNASGF
11838 2k AN P R B M AR TR, AmRNA K JE i
(LR P 5 I e A AR B3 K, A A R 18 1
JE— PR Y R

RNAMEE SR IGIEMTE AR A I B LA, (A4
AR AR ST, X B [ AR R A B 4 N TR
mRNAZ TSR AR MY RNAST. BIHET R
1k, B&EM T I2MBMZHTR, KRR
AR AR A LY, B0 T TR S M
AR A, DA A R & A M A B A E
WAE B T LA S ISP AL I B AR, e
BR, BRG] LR IMRNA S T (R e A
REARG L g PR R KRR S mRN A Y ) B & M (K ariko
paradigm)”*", XX mRNAJKEFE AT 7 B0 & AT
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B U=

mRNA [ 5P JFUEFE F mRNA T LU f AR =GR
53K (pattern recognition receptors, PRR)ff & FHT R
N, 35S RYEANAE R F A1 T 44 2 (interferons,
IFN)JE R g 33k, 20 S SmRNA Y i R B AL
YRR, PRRUJBN FAERNA (single stranded RNA,
ssRNA). XWEERNA(double-stranded RNA, dsRNA)FITG
EmRNA. PRRALAETLR LG 24 H i S 560 1
(retinoic-acid-inducible gene 1, RIG- I FEZIK((RIG-
[ -like receptors, RLRs)"*. k284l 2 7T LARAR
mRNA M REEIRPE. ZH TR IB RN A A 1A RIG-
T SREAMI™ . Durbin® A% B, RNAEHTT LA
THBRRIG- [ {55 mn. #F5 R, N6H ZMRT (N6-
methyladenosine, m6A). 5H 3K 1T (5-methyluridine,
m5U). 28 JRA%TE(2-thiouridine, s2U). RJR1F (pseu-
douridine, W). 2'-F{E KT (2'-fluoro-deoxyuridine,
2FdU) B2 - U i F (2 -fluoro-deoxycytidine, 2FdC)
AT FEIRY BEIRIG- 15518 St RIEE, AR
RN A48 7] 3 B dSRN A FlssSRNAF [ Y PKRiLF .
MG —T7 &, mRNARER G SR AT L
FHT R, HadoE, BA mRNARHE 475 5 b 40
fifd(antigen presenting cells, APCs)T] 18 i i 7E TAU I AIB
MR SR e T ITEN T40 L S siE Fr 5%
Ml W] B2 AT 25 19, AT RESRA 1Y, BT BN
SN SREEFNMG . RIBOE R e W] RE S e
BRI, AR T B 8, AR e G 25
P mRNA R P05 R IA R

B BT IR T Se R RGN, 5
AN B A 2B HmRN A 5R B T BUIFNFIE 2 41
MR 75 VR . SRR (3% (high  performance
liquid chromatography, HPLC)Z{ifk ] J:BRiASMNE 5
RNAdsRNA R IR IIFE S RN A K AL 75 e ),
RSN B mRNA T 25 5 A BRI, K¢
B RE A B mRNAH B 5 2 THPLCAE
2 B TR SE R B T mRNA PR E 7k, SR,
WA A, WM ZEMHR(EE S 1 BN 49
T RE 7 T AZ AR B 18R ol iz b b 25 1 (FFY 750 7
o ARV IDP A )eice | B2 4= INN RO E =S w2
RSN G mRNAT R4 55K A g% F b

HeH B A Wi I IR m6A . Wy N1HIJE
R PR (N1-methylpseudouridine, m1¥). s2U. m5UFIS5
FH L1 (5-methyleytidine, mS5C)%:(1K12). X L&k



P A

IR BRI 2 A il TR LA — & ACR. YHIs2UBBA
mRNAF] DR S AR Y. miwfe—Fh gk
FAET18S tRNAHHIEME. AWI5E BoR, mlWEph ff
S m5CHS il R 22 22 W5 ilmR N A Z 7% H
(R P B IR II44 TN 1345 IAb, M2 B i iR &
(EmRNAL 32 0 R BE 2 AR RS b, 0, War-
renZ5 A PYF FHmSC/PIEMRIVT mRNABK I A 1A
LR T G AR AL, MikiZsE AP i m5C/e s i
AImRN A 075 56 42 g 4 2 5 A A PO A T

mRNAGH 2 385543 WA PR 7 X5 Co ULRE BB 119 /)N R IAEA T 2%
BB KormannZ: AP F] HmSC/s2UBMi lmRNATS
T s A% e 1 5 1 2 A B(surfactant protein B, SP-B)fk
B S R VEESCMRT; MahinyZE A7) fimsc/
s2UE M A mRNATE /N B IR BE A8 RZ TR I FH T 2
2H Jri4E.

2.2 mRNA UTRZ SR A ) BAPEE
TEAR N 336 26 B AN R P mRNA B A A X i 2 32

B RZ LT — S F A il T AR RE AT LA
fRRmRNA WM 8. UTRAYIETT S
mMRNARE E P BRSO i — o7 2.

He. B T i el L 2 44, Wroblewskas AP
mSC/PIEMT I mRNARY & T —Fh H T B R e 4
Fa 4 BmRNA T, ZangiZe A F FImsCrv &l

Nucleotides Modified nucleotides

Ho\__, "“\E

OH

) O

/> |

Pt

NH. A m6A

o o o

or

T | Y0
° G

B2 (MZRUEO)mRNAS E F KRG BR FE A% BR AL 24454, A: adenosine; m1A: N1-methyladenosine; m6A: N6-methyladeno-
sine; U: uridine; ¥: pseudouridine; m1¥: N1-methylpseudouridine; s2U: 2-thiouridine; m5U: S-methyluridine; mo5U: 5-methoxyuridine; 2FdU:

2’fluoro-deoxyuridine; C: cytidine; m5C: 5-methylcytidine; mo5C: 5-methylcytidine; hmS5C: 5-hydroxymethylcytidine; 2FdC: 2'-fluoro-deoxycytidine;
G: guanosine; m2G: 2-methylguanosine

Figure 2 (Color online) Chemical structures of natural nucleotides and modified nucleotides which commonly used for mRNA synthesis. A:
adenosine; m1A: N1-methyladenosine; m6A: N6-methyladenosine; U: uridine; ¥: pseudoouridine; m1¥: N1-methylpseudouridine; s2U: 2-thiouridine;
m5U: 5-methyluridine; mo5U: 5-methoxyuridine; 2FdU: 2'fluoro-deoxyuridine; C: cytidine; m5C: 5-methylcytidine; moS5C: S-methylcytidine; hmS5C:
S5-hydroxymethylcytidine; 2FdC: 2'-fluoro-deoxycytidine; G: guanosine; m2G: 2-methylguanosine
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S-UTRYA & H BB BUS sh & S Wi 45 &
037 25, X2 T BRI R . mRNAY
5'-UTRAN3'-UTRA] LAl 2 22 DA imRNA f #H15
RORFFEEE. Globin mRNARENS ™ 4 KENEN, H
HA KO, B8 R, Aa-F1B-globinfl3-
UTRAH5EmRNA R HEIE 2 B2, K5 A B-globin
[)3"-UTRM 3K 21 B J7 [l HEF nT LLAG S ME ITmRNA £
SEPE BF9E B, AMUAEMRNA 3'-UTRAbH A — %
DU B-BR AR F13"-UTRAZ R 4 REHS I B AR 2R 11 1) B,
117 LT X515 51 A B4 DL B-2R 28 11 3 -UTREZ R P 471
WAEE— AR X FICR ., SR, SRR 2
IAEA AR DCsAMa T, AR DCsA . War-
renZiE N CE 2T 4 240 M H R I RE T AR
Jsst Frh, T A A R K ozak BHFE 5 19 A T5-UTR
Wi ¥4 Fllo-globin it 3'-UTRA% R 7 41 3K 2 i mRN A
(2R =

AIRIBIARIT H AT EEXTR AT %, RARUTRE)
TIFFER (e PR E AR AR RO PRI 5T 25 1% 3 1224
%5l 112 (pharmacodynamics, PD), KA BT T
mRNAZF R SRR 1. MRIEIT TR,
SR K R T, QR SR RN, )
BREAR, AT AR T AR5 2 MR mRN A Y B 3L
R UK AREsTCIE 4 )3 -UTRE X Y mRNA 4]
PR AR A L A 2

SampleE N 554 TR B 2 5 M AR IR 1
AHEST T —FhS-UTRIAIRL, 2R AT LR b 75
R 5 8] B AZ AR B BT, DA TR 1 9 42 2 1 o
AR5, FF ELiZA R R LU F 338 T4 B fimRN A
LAY . BRI M UTRsI AL P24t T H %
155, UTRAb Wi s: T K EAmRNAKIUTRIFES,
IR, 5 BN TR REALER 24 2T Tk ik, 3K48 TiE %
R DK N T8 U TRIF S LA A2 11 5 i 7o),
RKE XA FEIRIT TR, WA BERIT HEmRNAZSY)
N TR E FUTROE AT BT

3 RAME EmRNAR}ZE n f I R IR0
wil

3.1 Z3Peh AR mRN A FER I 2 n] 55k
mRNA NIRRT 259 £ 2 & P43 mRNA

K H 2 kbR, SEmRNARE LM 5, [UmRNA
SFHMELL RSN AE, HmRNAS 784 WA N i,
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SEAE LG AR Y R T PR &
M, 25933k BREAT DA BRrmRN A3 1% 21 5 A7 4
WL ETERR 3 Im RS T 2201, 45— SR i mRNA
(naked mRNAs)H T 25¥i697 (NCT02035956.
NCT03480152FHINCT0346824445), {H 25 24 it i 16 7
AT mRNA R 42 B 25 24 Je b — 204 KR T
EECEEN.

A, MFRARIT R TFZ2iEH TmRNAS 2y
FHTEE IR AR, X B3 R b S 50 TR T 3
AR T REWEEM B ZHRE GBEM
LA A 2 K A 703 26 A7) T s A I R
PRFNR AL A I ARHE pH T A7 IE LA, TAEA:
HpH F ARy rhitk, nl RRAREE M A e b, [R] S4
R T 25t e,

A8 B4 K Wik (lipid nanoparticles, LNPs)ZSi# %44
B SR IZ AR A mRNAS LA L LNPsif
WAFTANS: (1) AEMRNAR S A B s F e
FIRER,  Gn el BB A RE . BHES 5 B ol 2R A A REAE,
(2) HAHMERE AR BTARRIR P 2 e B Ak, 4nt,2-
IR -sn-PN = 3E-3-WE R £ BERK(1,2-dioleoyl-sn-gly-
cero-3-phosphoethanolamine, DOPE)5%; (3) a2 LNPs[

BIOSUZ IR R R, (4) Shos e AR PRI F i A 1 i
WL LNPs /KA )2, 415 2 - (polyethylene glycol,
PEG)%. iR DU a1 L bb 2552 M LNPs il 57 i DI ak
FITE 321, Wenge NP LR BT T mRNAFC M)
LNPs#hi% 240 M4 o LR,

H T FmRNAZ YIRS 0 A B AR 2w X oK
HE T LA MmRNAZ YL R SE. CureVacH & T4
TR AT A RNAK G YIIRNActive 11 7,
IZPE W 13 TE NG PR Sl AR RN R Ry Y48 & T 4T
XPIRRAE FIVE Y 1A A e e® Y. BioNTechJT &
DOTMA(DOTAP)/DOPEJS 5t & & ¥38 13 4= 5 i 3% 1Y
J7 3T 52 B 26 Y mRNATEDCs 2 i i At e 2 ik
BioNTech % [ 44 K BRI RN A-LPXSE 1 - 15 74 ik
EPiRZ K (chimeric antigen receptor, CAR)FTJRILi%
FIWREL X E, G LR I CAR-TAIM, 2 n] {dixfE
LAY i) /N BUBERY o i SR iR 7. Moderna T T
— T n] A R A Y T RS i s AR TR AR R
K258 (non-human primates, NHPs)fmRNAZ543%

R R 22 1 20 R SRR AL [ R R
mRN A & 57, I AR BEAT — L8l R iR I PR A7

FET — e A mRNABRE (LA R T 505



P A

EW5E, WTransIT*, in vivo-jetPEI*°!, Lipofecta-
mine M7, StemfectTM[76]*DMegaFectinTM[Ss]’%"E.

2435 16 B RE AT DL SIE PR A if 5l 2 2R S 1 s K
Fornaguera: A 713 ik Michael il B 52 13 % 58 Z ik (poly
(B-amino esters), PBAEs)_I A ER I AT S I T CKKK
(Cys+3Lys)ZEfIK, 3k1% T3 ki PBAESs(oligopep-
tide modified PBAEs, OM-PBAEs), i%ZOM-PBAEsHE#
64525 APCsAE. LouZ A\l T —FhIkah g1k i
mRNAZRY), AR R AT 0 A0 E H#E ADCs
2, AT S A [6] 905 APCs M.

AT LA g8 Z2 RS R B B AR R R & W 82
R4, HIFNERVF 2500 P B A 7= i, R, i
JUE L 1) g 2% P mRIN AR 24 R Ge 0 )™ Ak R 3 b 1 )
— P RE . T ER, IR T mRNAZK
R IT IR E LA T, BAERA 25 mRNAZGY)
FERE RN B2 B i (reticuloendothelial system, RES)
AR L. BLAh, il I E(apolipoprotein E, apoE)
5 AR B BE SR R 0T AT A i A L) 2Z 18] i AH
HAEEHE T mRNAZGYILEPRE P RO RY. N-2 B
2 M (N-acetylgalactosamine, GalNAc)fHE 1 2&—
oo 2 00 B 1) 25 2 B SR, I FLAE I PR v
N TR B 22 RN AR YT 254, SR, S IR LAAh
(A2 Y U5 22 2 IR A T A4

XA mRNAZG Y R )ik, 2 2 FEER AR RIK
TSR N2 72X 38 8 i Dk S i 0 ity 8L i)
HIEmRNAZG Y B AR PR, o2 B 4250
mRN ALK TR B 270 TR A ™ R e
S 1] i 45 25 B K O (R AR R T 7 wmA Rl i 2
Wy R A B AT . BN A R TSFLAY, B
BT RS LR A 2L £ s fe™, g i s
T A 5 R R SBURL A I AT LA I8 2 185 M At 408 ] A mRIN A8
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3-2)oligoalkylaminesfli 5 i A IR A il 2 1 Ml #08 ) () g
AR K ik (pulmonary lipid formulation, PLF). Kacz-
marekZ: A\IJF % T I PBAESFIPEGA IR & B4
YiRg Brah oK ok, T AL M mRNARHIE. U5, #
T X R G WA RGO 7 LA, Kaczmarek%
NPT SLA ) T — o7 150 25 0 M S P A S T
mRNARYE%. Cheng@s N HRIE T —FpJH T4HLURE R
PEMRNA#$ 3% FICRISPR-CasH K 44 (e £ 1 25 B #0
[ (selective organ targeting, SORT)ZAN K ik . %+ AE
LA FERISORT 73 F 11T & T TH T 4n’i b2 2L

CeF S I SUEFIEF IV ) A SORTAS IR 4 A kr, LA 4%
PEGHE - SVATT G RO AIMIZR I, 45 B A, K
AUHE. BAUMI. TAIAFIT40 74

AN, VFZ AR TT & RS T4 mRNA
3% BT A O R ES IR RO RS,
IRESE, AR RS R, mE AR
A AT 155 77 3 A0 2R A B LT A TR 4
S 0 2 0 K R AL A I A TR Y L ) £ 285 )
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3.2 ERRRRE AR R B ISR ImRN A A

FE 5 TR 5 B R R R4 3 T mRNA
PRI N e, HAEEFmRNAY I e i T
Ko IR IR 2 A RN 1 B 7 i A et L U
Kb, — MM ERIRR IRYTT AU X R
i A AT O I U I mRNA R Gk, FEMIE R
Jrid R, mRNAZRSA B8 H Bk £ e 22 4
forh ek, SEEFAMAET, XAEREFA DG
T SR T B T 1 A AR o S ),

#/NRNA(microRNA, miRNA)/EFZEAIT/NT
PRNA(small interfering RNA, siRNA), BENZIHEmMRNA.
BRI R FRERE AR, HA R S v gl 214y
SRR IR B miRNAs AT FH 90 1 A 718 22 14 41 ifa op
mRNAHE 5L, miRNA-mRNA P 458 5]
FRIXTHEE A AT A YRR . miRNA L4 36 8 1)
77 A AMEEMRNARY ik, X SR R A 4% %
mRNA I miRNABFR AmiRNAFF F&(miRNA switches).

H AT Z 5 mRNAZ Wb % 7 Ik & A 255 2
o FAEF AR AR I m Rk, B, W24k BE bR
mRNA 2534 3% 3] JFFE 5 BH BrmRNATE - E 3235 1
Jrid. FIHNEEMIRNALE, 4ifisA 55 A mRNATE
UK 5 i 200 8 T ) ] Bt ke S X P 45245 49
, FAmMmIRNAFE S A4 A% 08 1- 8 H (caspase 1k
PUMA)HIEY 7 IEmRNA R LLBH. 1F HAE A B4 e v A
Feik, [Fm k& PR AR g T

AT AR, A8 A TmiRNARE [ 45407 5 Y
mRNA, HI % miRNAFFOC A mRNARESE AL ) H T 52
P4 1 0] % (synthetic circuits) () 4 e ek F2iA0,) %
SEIWERAE MBS T, ARSI miRN AN
37 FCRISPR -Cas 952 I A A 1 4 1 56 PR 281 ™,

SR, WA ER, Y. mIPHImSCAERE N EF
BRI R B 2 S miIRNAFF X T e i
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As a transient vector of gene information, messenger RNA (mRNA) is a multifunctional, flexible and safe gene therapy.
However, due to the general instability and immunogenicity of mRNA molecules, mRNA gene therapy has not been
popularized at first. Over the past few decades, the cross-integration of quantitative and engineering biology has led to a
gradual shift from the concept validation phase to the clinical treatment phase. In this paper, we discussed the application of
quantitative and engineering biology in mRNA gene therapy from the functional structure of mRNA, design and technical
innovation of in vitro synthetic mRNA. Effective engineering approaches will help to establish a precise mRNA gene
therapy platform for a variety of indications and genetic backgrounds. Although mRNA therapy is still in the pre-clinical
phase in most indications, the accumulation of various engineering and quantitative bio-design methods may broaden the
path for next-generation mRNA gene therapy.

mRNA is an intermediate of genetic information and a template for the biological expression of proteins. Therefore,
exogenous mMRNA can be introduced into target cells to express the protein of interest. In the early 1970s, Gurdon first
verified the above concept in Xenopus oocytes using microinjection. The advantages of mRNA-based gene therapy
methods are: First, mRNA therapy has a broader application. mRNA does not need to enter the nucleus to express proteins
in the cytoplasm to achieve its function. Therefore, mRNA can be played in cells that divide slowly or do not divide role.
Second, mRNA therapy has higher safety, due to its transient expression and the extremely low possibility of genome
integration, thereby reducing the two main risks associated with gene therapy (host genome integration and mutations in
key regions). Third, the half-life and expression abundance of mRNA synthesized in vitro can be determined by the
structure and component design, so that the pharmacokinetics of mRNA drugs can be better controlled. This has created
favorable conditions for the pharmaceutical good manufacturing practice (GMP) of mRNA synthetic drugs. In addition,
therapeutic proteins synthesized using the natural mechanism of cells have natural post-translational modifications and
suitable protein folding effects, which are more advantageous than recombinant proteins synthesized in vitro. In recent
years, mRNA, as a therapeutic method, has received increasing attention in the field of gene therapy. Currently, in vitro-
transcribed (IVT) mRNA has been used in pre-clinical and clinical trials, including cancer treatment, vaccine development,
and protein replacement drug development. Compared with cancer and vaccine treatment, most protein replacement
therapies using mRNA are still in preclinical development stage.
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