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TR FH SR 04 TR AR B 53 B HL 7 o) ) I B A6 2
BRI ] TR RS AR AN B
R E B R AN S R e IR AR 5 R g
FNE, Bl T VAR XS, [T BE iy T RE ) SR g
RCR . W i DNA 520 BRI 95 1Y 9 i 205
B AR AR, PRl G AR RIS T 43It
o BIREGRE, QBRI SERT . JKIRBE L e
DAL DAL IR OS RS L R s E i N/ N UR VN
B EX TR KA G R B JYR I R AT,
SO ) TF A ORI, T T A — X
FEHT

AR R, R T YR
MBI o X — 2SR A R U T AR R
T, UWIRNA B DNA, e 2 1 i A K
AL IR Sy e b 0t #5a H bR AR i 1ot
AR R . BRSNS EAMIN, NIRTERBT
J, AT DABE L SR AR B L ¢ A, DNA &Y
mRNA £ i o7 T Wt B 52 40 B2 (antigen-
presenting cells, APC) 5% Hutn n] 3357 A= A N £
FUBTPTIR , 3 B 4 IR T 40 B ™ A fe g3 iy 25
N o AKPRIE P B A 7= TO G AR AR ) e A KT B e i S
3%, I H 58 2 TCEEPE M B WA T i Dy hE
N ABERRE R AP 0 JEAEK, mRNAYER 2
B TRENOGE, IR LT DNA B2 Y —2ef)
P, BN )ik AT . THBRIER A A
JAUBS: DA KAl 37 T 40 M A 3 ke #E L Ty Re e, HR
RNA S fEAE P i rh e oy 20 B, HHR
A RPEIRE, O SRR N AR, 17 DNA
REW IS, AR T

IEMNRT AT, fZ 580 mRNA ZEH B A — &
MG b, RUTEE ST ARG, AR
TRt BERY SR SN, BEAREERT AT, [RIE R B Y
PRE NI AT IXTHUA S i . SR, RIEHE -
R EBHAFEA - T3 20 A R 18 i B R R
RNA 3% R 40, fifi mRNA B AR TR ik
HARE] T RS . X BRI FIXT T BRI
XL COVID-19 1 K% T HZAEH

1 mRNATEMR R FRIE % BRI KSR S8

1.1 %EHEM

WA 21 22 IR, ARSNGB mRNA £ A il
ARk, (RENRIEAR, LRI
S mRNA AR AL HG B 19774 mRNA, 838 #
A dsSRNA TG, H B4 mRNA BA 558

JEite, VE ssRNA, 7T LB AR Y 58 K fo g2 32 1A
Toll ¥z #& (Toll-like receptor, TLR) 7. TLR8H
B (E 1) 155 dsRNA F] Ak AR e R G 32
f& TLR3., M # R % 5 & 1 1 (retinoic acid-
inducible protein 1, RIG-1). 2'-5'-Z 1 /2 & i
(2'-5"-oligoadenylate synthase, OAS) Fl12E {f, 2 J&
S 46 M % H 5 (melanoma differentiation-
associated protein 5, MDAS5) #5] ™', mRNA #F
SRR RERSTS R Ay SN R RE T, T S
FERAPEFNE W sE . AR, IRIME B mRNA
ADLE 4 BT bR A R 0 Z K (pattern
recognition receptors, PRRs), fili & RAE b,
S G R A RE RIS N M Z [ IR . X T
mRNA “HIRAFN” AR, SO0 T B BCh =0
A v R U AR AR W B . (BYER A P
WA AT R, WG oK fey
F 4543 % mRNA & B Bos 5 ) i 7. il
TLR7 FI TLR8 A% 237 A2 Kt Y TR 40 3R
JE IFN-0.. TFN-a i) DLi7 & OAS F 3 [H (1 5k
7 DI R IE AR R SR IR 5 iU, TS AR
MR I AE dSRNA BI3E T, S S i2'-5'5F
MAr iR . SRJE M 2'-5" 56 A% 11 IR U1 A% 0 % I it
RNase L, f% J5 H # % B9 RNase L F& fig 4F ok
mRNA 1,

dsRNA f75 4 L B mRNA [ 5 328 B ok fif 5
X B AR A A R B mRNA R 43 R B . X
dsRNA #7594, AT DATEA W56 i LA R B 2liAk 1
Ty =i, AEAUUB DA T A A 2% . (RINE
B mRNA PR e G e Stk e S A LA gt 2 T
Bk B B AU, X BARAFF A IFIE A A FL . T
XXRERYJRI T, Kariko % Ml 080 & B, K51
% 5% mRNA 2 Jif DL 43 7% TLR3. TLR7 Al
TLRS, J&PH iX st mRNA = 2 H &1 . il sh
P mRNA JL-FARIBA SR A0 A= TR, 2
o I 7L 3 4 mRNA B BH B4, 4% ms5C
(5-methylcytidine) . m6A (N6-methyladenosine) .
m7G  (N7-methylguanosine) 1 f& JK 1
(pseudouridine, W) 4. M#IMINA m5C. m6A,
m5U (5-methyluridine) . s2U (2-thiouridine) #¥#
W H}, mRNAfI¥# TLR3 . TLR7 fl TLR8 fRE ) 43
BERR . B m6A F1s2U ] LAFR I TLR3 (4
%, B m6A ., m5C, mSU., s2U FMER 1 I
A LABR I TLR7 F1 TLR AT . TLR3., 7. 8%
BRI Z 5, DR R g kK, JFHE
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fITAT A% RNase L i VI HI R I H00E 1> X 2R
i RE T AT A 1963 4E I BIFTE 3 IR, [nl SR
T 5 FH A 7 A P L A AT UR RNA, sk 352
PEAE TR . X SR N SRR AL FR S () RNA, JR
T A SRR, Je R e miEmds
Mg

PRILZ AN, RIfA$E & T RIG-1, [Mi{RIMG AL
mRNA §& I RIG-1 A & 1 51 /9 J5 R 2 R 2 5 0k
mRNA FA FIfEE RNA —FERY 254, /2 5-=
BEIRIL A, X5 FEE B A0 RNA HPUE A7
FERY, XA ANURRENS X 4 RNA 25 R4
e B IR 1 5= Rl Rk AT R DL RIG-1 4 208
A, AnARAREHERR A R R AT, IS 2SR
P24 B mRNA (P RE B2 epr, A] DU gk 2585 5'- =
WRIRE A s 2 (5 F AT L3 RIG-1 B99R#E R 1 7s
Kariko 55 "™ R M, MFEIRINE B mRNA IR 5E
RIS TR s2U MW B, RIG-1 (438405 29k
i, XA R RS mRNA (9 5928 e i — 45
FEAR. WAE N RNA E s BT, ERNFAEE
AMUALBEAZ L E mRNA B e IR e 2%, 38 0T LI
58 mRNA (U BHIE . P AT DL sR BRIk B 2L i Wik
PRI M4 27 ] F14) i 35 T X 588 T DR 1 i T 2R

TLR7  ~TLR3
A

mRN

WOMEFHIMRNA — > {E4MEFMImRNA

] B P AT R R A A ME AR, AT RS mRNA Y —
petHy, HANEIER ISR AT LGE R L A b
5 R A mRNA KAl mRNA Fa g it gy 0 1520,
2010 4F Anderson 4§ 2V Gl L SZIGUER , EA KRR
mRNA 7] DL % RNA R 17 25 R (protein
kinase, PKR), {4765 B PKR 22 1k B 1R
P20 a5, e SEERAAmE . 1Y IR
BB PR HCFC I, mRNA () 83K B 542 5
UL T S5IRFFA E, B PR T 305 PKR A9 R R
N, MeAh, Andries 25 22 7E 2015 4E YA SE TP &
B, M ml¥ (Nl-methylpseudouridine) FIm5C &
T ) mRNA K& R 238 935058 & F i W Fl mSC &1
) mRNA, X 7] 65 m1¥ F1 m5C &4 1 mRNA
REAS T A R kR TLR WU 56, Wik, mIW7TE
mRNA H R FHR ORIz . 32 H 5 RNAFERL
PRI SS9 A R 73 . 4 B RNA ST AR S5
PR &, BFFE NG R B0 T AR R A Az 4
BRI BB, ARG R H
(4% ) mRNA P52 5, 1E mRNA JBE 1) 2
JEPEAAE— AR A AL, W U S M o
RAPERNGE DR Gse , AL & R B
B o
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dsRNA

Fig. 1 Recognition of corresponding receptors by in vifro transcribed mRNA

Bl oM EFHImRNANE SR 5

1.2 mRNABERSMNE R

bR T HISHEL, BRI A S mRNA
JE T IIEA: B St . R IR AT 4R 3 A AR S S
(in vitro transcribed, TVT) mRNA iRyt , &
AN B mRNA T LUE A B R S8 mRNA 1451
AT BT BT, FENLR N BE Rk R,
KIEAER 2 IR AR T f# IVT mRNA i R HLRE

A, EETRE T IR RIK mRNA BG4
MI45H) . mRNA B 5 RS HI T AL : 5" cap.
5'9E#HPE X (5" untranslated regions, 5' UTR) . %
5 ¥ %) (coding sequence region, CDS). 3'JE#HF
[X (3" untranslated regions, 3' UTR) I poly(A)
B, m7G it 55 = Wi A (ppp) i 4% %
mRNA [ 5', #E1IE B mRNAS' m7G i i 4548 >,
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5' m7G H A AL T H &% B R G K 4E
(eukaryotic translation initiation factor 4E, elF4E)
LG, SRR A SR MO MBI, mH
Al LM mRNA, il mRNA 557 5'-3'W% R S g Y
R fi . ff HnT DL RS E M 7E A M R b ok 4T
o 5 UTRE MRS 2 B A AL 1R 107
AL AR E AT U T mRNA fFa e v, 1 BE
B 2% 3 UTR 7] LL 5 miRNA 454, UL 8K
mRNA [ £k, AHEMEE mRNA BIFRIE, 7 LIS
3 UTR . [RIRFE R T LU E poly(A)&E & # M
5 poly(A)BHZEE, Bi 1k mRNA [l 2 R P 17 R
Ak 20 o FF B 2 HE (open reading frame, ORF)
Tl 1) 2 B DA K %3 A~ 1 o FH A8 23 52 1 mRINA 11y
BRI AR E P 227 Mo mRNA Y& fe—1
Jolf, poly(A)REHY 3 A KA E MR, 8
i 5 poly(A) 45 G LA, B LR mRNA 4
32 3-SHL TR R A 2 2 BRI TR IR A 4Rk
AL, LAASTRN % mRNA A BEAB 23 521 poly(A) B K
FEREERE P20 AR % AU JF 81 ) mRNA {2 i
TREERWIE N, S BEATAZRE AR A R T R A
e, RN FRR ™ ¥, FmRNA & & GC,
1% mRNA B BIPRRCR 2 U & AURTE . GC 3
i, Zxib PR AL & b, B4 TLR7/8 [
WAL, X5 mRNA Y G2 5 PR AR 25 U AH
K, UREIRR T B EAE M s AR LASh, BN GC
PR BRI A TR 1) — N AT SR 24 22
BT R4 2 DNA B 2 il 25 mRNA 1% —
. % DNA MR 2= /DTEE 4400 WK E )
. UTR. ORF filpoly(T)F51 > (K2), I T
o mRNA [ 238 AR e M, 76+ 2 DNA BRI,

1% [18, 24, 26-27]

TF I BEHE

(

W, 3' UTR

O Zetth

SUNIZAS B DT T AR LA . RSN S
L SR R A AL T —WETR . RNA R4 A
AP DNA B . BT XS RT$E 20 5' m7G i, AT
DA (0 B A T 5 s B ik i, o] LA
T ARSI St B T BN B s A ke B v 2
JIT AT SRR IR s 2 s o, I 2 WA 7
PAE N R BUAE SRR o BE X poly(A) B
() A EL A T ol SR, B — o e AR S O
poly(A) B INE IVT mRNA, 45 — Ff 23 5o 75 14
SN SR AT poly(T)¥R N E] DNA B, WAt A
SR 2 A F HE DNA BEAR 19 4 FhJEA J50RE 2 —
o AR AG RN Y poly(A) Bl He 4], I H.
BV R poly(A) B mRNA 1& L > ' 1E
IVT iR P s A R A5 A 2 AR A% R AR A
Wikt , B el il LA Ry o, ik
B E 2 mIY MW, RN SR
B T aiAl, RBRER AR ROROA TR P R R
M, dsRNA FIDNABEARSE 2. 4502 dsRNA, I
A RUA RGOS TLR3, SUEMRBENE o FHXT R AR
By Ak, H AT T 5 S e AR 3
(high performance liquid chromatography, HPLC) .
2011 4F, Kariké 55 ™ 20 SC4GUEW] , i J HPLC
2liAL A mRNA A DU A )ittt Jf L HPLC ik
AE D R AT 18 1 1 19 mRNA A BHIFRCR . 2019 4F
EI X dsRNA [ 255, Baiersdorfer & 3 W HEH T 4F
AR @ik, BT S A CBERY 2 R ik
dsRNA 5 G 1 A XMy R B HEVESS & 0 XA 7 12
5 HPLC HeHEGEM, G, HA T ZRRE
o AR, X RMSUE A EEE Y. aifk
SEMAG , IVT mRNA G Bk oe i T, il ix 2k
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Fig. 2 mRNA synthesis process in vitro
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R FBLA: 7 ) mRNA 7] DURSE I & & 10 B 1Y
EET —Br B .

2 mRNAEZEEHBIHRIERS

2.1 FERIELAREAL (LNPs)

1E 40 Pardi 55 P FF A, BF & mRNA S F
Bvi iR ABERT, $E S BIEERCR . RS mRNARRE
PE. BRI . SRR eR . fice 4
PEF, WU 3 A LGE A . B A
Bt aliffo . A0 B OB AZ IR 1Y i AR R IR
R, mRNA P ) A B J T i (50 2 4 v 4 1A
Jabh ik UK BT B XTI E AR AE R I RS
FE AL DNA | R REEA . MRS Y, XN T
mRNA % 1 % 35 2 48 00 2 34t 1 1 22 1 i 5
AT, £ mRNA S Y385 22 58 0] 43 0 2 A
e TR IR R . XTI EE R, T LUK
mRNA G5 A RNA AR 7, (HZ i i oy 05
L5 H9 mRNA FEaAXE L], iy HLIC T8 2 I 1] i
AR SR LT AR LU R 1, AN IS G R EER AR
A2 77 mRNA S o AR R EUA LR R GE, (UE
NRBTER B bR S RS Yk R G4, Hrb R
SR BTATRL AL AR BRI 5 W) R ST (A2 K ks
(liposome nanoparticles, LNPs). JgJi UNGEEEY/PS
H 5 T R £ A BH 5 5 IR S AT £ R A7 Y mRINA i
A EAEHEREIE N 2 2R E 5. W I
G Wik ik R G AL G R % (poly-amido-
amine, PAMAM) . £ B & M5 (poly-beta amino-
esters, PBAEs) FIR LG (polyethylenimine,
PEID) ',

Wik RGEAMRE, AR BRGNS Z 0
LNPs 3826 510 HH . LNPs 5] 42 T siRNA (15
%, {H2015 4 Pardi % "¢ il ad SCERIESE T LNPs 7
mRNA i 3% J7 T () 5L AE 77 . LNPs i £ 2504
oAl o B O BT BE IR BE IE BR (distearoyl
phosphatidylcholine, DSPC) . fH [ B . PEG- g
Ji el (1813) . AIH S A e AR B pH R B b
ATLATHBRIESR BH B T fer,  ZERRIE AR N &7
PRIk, (R AR RE . BEARIEAR BN A
B T4 PEG R 1H T B MU E MY B2 S5 o JIH [ i
AT DASEAMNEORL BB, PR LNPs 5 8 (50 AH BAE
FH, fEPEREEES ), LNP mRNA AT I L R 6 1%
AR JetE pH A4 R P POETIR A & A
B KRR 5 Y AR R 5 mRNA BY7KAH . R
— HIBA, pHEHTE 5.5, Skl IR i1
1k, ATHL B RE i £s 45 4 mRNA B 9 B TR e,
F567E mRNA J& B, [5] At 9 28 6 7K R o 2 L AT
KV, W LASR S 2P BUF mRNA 3246 3808
RLAGTER R EIRRRE T, mT B g R m & re A 2
pH FWKE bk, AR E sk, MLk sh4E i
il o DRI AT S S5 mRNA #E— 25 A ok
PR, PIE T B T 808 %L o SEK I PEG 23
WKL, I H e BokL i 5 i R F R/, PEG-
BEBIAN S ik 30  FE Rl G . BT EE 3] 1) DSPC X2
WA F PEG-E IR T 7. RIS AT Lk
A EN A BURL R T BRI ZE<100 nm, - [A) A9 71 LNPs
%) £ % FJE BCHE 1) S B 7K s AN e g B, Y
LNP mRNA # 4 it N 5 I 75 AR N 9 28 5 Fiz 1k
10 S N ) TRt SN SN - < A BT N R

A B AT,
=
N\ oumm

S
O o T AL AR

7.0, r\ %\\ 12N
O,
%ﬁ N AN %MHEE@
Qg%ﬁgQ . %% \iﬁ T H S

Fig.3 LNPs structure diagram
E3 LNPs&HE
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4, ¥ mRNA BRI AT o 2R S
STERPHABIE R P BT, B R R
Bl HR R IARRE A TR . X et B A i A
41 &% M 2 & & (major histocompatibility
complex, MHC) 1284;Fifft i 45 CDS i il 2¢
P T AN, S 20 A T 0 G e S, DT ) A
mRNA ¥ 1 LS. Ibah, B a1 nT
DI B AnpusbIaterh, Ik ATERH RSE, 1E75
W R G APC R, B IRAE R SIS i
if MHC-I1 287 TR $2 5 25 CDA'T 4iiffL, i ik 43I
YRR 5 R A S e I, S B AR A R R
TR o RIBUR,, R S e 7 B
X AIF ] 47 1Y) mRNA £ 1 B9 f 47, Muramatsu 55
K, R LA mRNA P 1 A AR e
JFHVRT 0 mRNA S E S T Al g7 128, 76
4°CEAE T AT LUISEAE 24 J8] 03X 002 BN T8 i i 4
Bk HAEE S L. Han %5 S W& 17—k
FIRGBTA, BT LIAE A LNPs BY45 #4155, 8
AL R AR, (A3 T LNP mRNA 2
B FAIRTLAAR 7= A T A R0 P oy P DR oy 25
22 HASFEBEHFEEJanusHAK K 5 F TG
N4 55> Foith [0 25 B iR EmRNA

JEAE LNPs 3 3% €& 28 W H] 725 7 SARS-CoV-2
PEW, TEE - HHTE R A A AR AETT KR i
KRG, ERTE LNPs i ik i LW AEAEA 2, LNP
mRNA A T 2 A2 MO IR AR, fE U2 5y
M — A2k, PUAL537E LNPs g R, 5
LNPs Z54 1) PEG 2334 il LNPs 7E IfL % A7 PR [,
B SN 7 A Y BC B U E % N B 7
A ETHRZS ) 9ETE 2021 4E, Zhang %5 ) TR T
— PR S Z2 e ] L B 2Rk Janus BRI R 43
(ionizable amphiphilic Janus dendrimer, IAJD) 1]
IR RS . XA RGO AT 5255 % & AT L
B 2 M Janus B R K4 T (Janus dendrimers,
JDs) F1BE B R K >+ (Janus glycodendrimers,
JGD) . MR Janus RRARK 731t DI REME R K PR AN
BKHERPIR 73 F45 G M . TAJDs 55 mRNA A DUt
21 % BB OIR K 4 7 48 oK ik (dendrimersome
nanoparticles, DNPs), F1LNPs#H:, DNPs /&
BN B, UG AE SRR 3 9% wh i v 1R B S R
AR BARIEF IR I AL 5y IAID 2 14 5 A e &
A, {HJ2& Zhang 55 ' 38 £ BRI HETE ID SR K A
Bty 3o DR = 2 R BOsUD T R
IAJDs 209, KRR 7205 . [R]IRFI LNPs 41

b, DNP if ] DL G b S 38 1) 356 2% 04 D) BE .
Zhang & ' 38 2 (i AN [R] (4 46 56 K B % 11 TAIDs
KX, &% P mRNA #E i) 356 2% 1 5808 KRR .
i 1B SR 77 A ) — 5 A8 43 BT i TUE W] TATDs 557K
S A3 T LA 3 ek H R e ) AR R B e e SRR
P2 O FENRWEAT R TR ] JRL0E,  H SEWR AT B T4 1)
JHERE, W WE R — HR e DA ) T ok 3 i 2, 3
SERE R 25 TATDs 5 /K X1 — 0 25 44 B A 5 2 A9 4E
. BRSO K B R 25 R Y
BIXTFAS R 2 B o O A B LA R o

3 SARS-CoV-2 mRNAE &

SARS-CoV-2 J& — Fi IE 4% RNA %k # '
SARS-CoV-2 HHAHMK LN 30 kb, &2/ G
290, EEE 16 ESMERE (NSP) ., 44
SRR AR OB B 4R A AR
REH (S, UWEEH (B). BEH (M) M
KAEHEE (N) ¥, mRNA FE 85 T LNPs 8 1
B mRNA G345 APC 5 15 INIR N 1R PE 3R
b, AT HLES R T Y Sk R A BH RS
W51 IT4s G ISR R T B 1Lk 55, FHE IR
FIRERR B K BRI, Ao iR SUZ S5 Ha Bk i
I, X a3k i mRNA gk YA, 31k 40 i 5
IR R T, VR TR
P i [ Al P JE IR . LNP-mRINA ¥ 1 ] L B
(AR BT 2E 23 R TL-6 4 IR - Re s A g 1, b
FH LNPs 3K 5l 9472 590 145 1 T 375 S5 K %) T 40 ffd s
of AR W A g, AT 1S 5 5L T mRNA 22 1 1Y
B

SARS-CoV-2 E i) —RIKSHEHEAN F15 £
YRR R SCHEE T . Ik, SEABHA R
BRI EE SR Y BT, Wit ER X SARS-
CoV-2 S FR [ AP 138 1R FH AN SR . 2P 5848 1l
S1/S2 Z# A7 1, BioNTech A= 7= f) BNT162b2 £ 11
Fil Moderna /£ 72§ mRNA-1273 3 2 FH 2P 28455
W&, SR FIZSEME , B S2 W B puC BB A B TH
R PR A~ 24 5 R 4 4l il 2R (K986P i VIRTP) ,
AR T SE ARG BT S R E k.
Moderna #ff & £ mRNA 1273 4 fi% SARS-CoV-2 F) 4
Kpiah G EE T, B TR RN SARS-
CoV-2 Beta BRI K1Y . FEHARCFER 94.1%, TE
DA SN i B KA AR Az A
241, mRNA-1273 %F Alpha il Beta 75 14 4 4 %
P53 511°0 100% F1196.4% , 1 XF Delta it 45 RIS
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(73.1%) . A %dE W, R =55 mRNA-1273 7]
FEHEXT Delta YL 1 T RE A LI PR (95.2%), {H
XF Omicron MR 8K (62.5%) . BioNTech f %
(R T S R T A% B M 1 3 R BNT162b2 it — 4~
A K I 11, BNT162b1 g i = B AR 4 75 1
RBD 3 A= . 5 Bl fill 5 0% (BNT162b2) |
I3l RBD (BNT162b1) £ R HEAG 4% N
95.6%, 7 A BNTI162b2 () 53 1 4 5 7] 1] L 48 i
Omicron ZZ A& [ HP FIVERT 7)o AR 4 — 301 LA 251 (1Y
WA, BNT162b2 1 W ] -3l 988 v A 2k
H94%. BRI, AUEPERE, I SO LR
ARG > 50, HER 2 s s ol BEif & i
TN 7

4 B 2

mRNA 2 1 HA =8k, PRI & . AR AR
PR A T ). HET mRNA B0 #1858
HFARC G+ Bz, Al DU IS AR S B AR PR Oof H:
mRNA JE47 0 Fr I & SR LAY mRNA, - 285 4% 1
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Abstract The 2023 Nobel Prize in Physiology or Medicine was awarded to medical scientists Katalin Kariko
and Drew Weissman for their discovery of nucleoside base modification. The two researchers found that mRNA
produced from modified nucleoside bases can evade innate immune recognition and improve protein expression.
The discovery of these modifications is essential for the development of an effective mRNA vaccine against novel
coronavirus SARS-CoV-2. Vaccination is the most economical and effective measure to prevent infectious
diseases. So far, the vaccine has entered the third generation of nucleic acid vaccine from inactivated vaccine,
subunit vaccine and recombinant protein vaccine. mRNA vaccine has the potential of high efficiency, rapid
development, low-cost production and safe use. It is not a replication vector, and it does not have the
characteristics of antibiotic resistance, genome integration and strong immunogenicity. Furthermore,
corresponding mRNA vaccine can be quickly produced for different strains in large-scale, which speeds up the
production process. However, mRNA synthesized in vitro is the ligand of Toll-like receptors. Once mRNA
synthesized in vitro activates these receptors, the innate immune responses in the body will be turned on and a
large amount of type I interferon will be produced, and mRNA will face the risk of degradation. The study of
Katalin Karik6 and Drew Weissman found that in vitro transcribed mRNA with modified bases can escape poor
immune activation and solve the problem of inflammatory response stimulated by in vitro transcribed mRNA.
Further studies have found that mRNA containing pseudouridine can be translated more effectively. At the same
time, Drew Weissman has made an important contribution to the research and development of delivery system.
After the outbreak of COVID-19, based on the research of two scientists, together with the development of
efficient delivery systems such as lipid nanoparticles (LNPs) delivery system and one-component ionizable
amphiphilic Janus dendrimer delivery system, the stability of SARS-CoV-2 prickle antigen and unparalleled
investment by industry and government, the research and development technology system of mRNA vaccine was
improved. Two very successful mRNA-based SARS-CoV-2 vaccines were approved at the end of 2020, which
played a very important role in fighting COVID-19 during COVID-19 epidemic and paved the way for future
mRNA applications. mRNA vaccine also has great potential in inhibiting tumor growth and regenerative
medicine. Therefore, the circular RNA vaccine can also be studied. This paper introduces the process of vaccine
development, the important nucleotide modification and lipid nanoparticles technology in mRNA vaccine, the in

vivo effect of mRNA vaccine and the summary and prospect of technical development.
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