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Fig. 1 Mechanism of mRNA vaccine

E1 mRNA%ZE{ERILH

mRNA J& FAH b TS i, B an KIG S
A R ER I A, R A SRt
B VAR T TR AR G RGN R DL AR
BFE A, I mRNA BEH AEUE 764 40 A T
PETA R RRE N M I T A A R
PERI e AR, T2 SRR %A s
S RIEI N . BEAh, XN SRS,
T 10 G A0 B R R R AN TR,
DY G092 40 M P9 7 3 A PR AR P ) MHC-TTE 328
ILHEAEAT BOETE CDA+ T 20 M (A gz 17, i
4 mRNA B 1 930 2% 2 TR B e, Ik
P L E A R NIRRT R MHC- T 51 5 234
AR EE BRSSP CD8+ T4, i SHLIA
X975 A T 4 T P Ay, ] st e e £ T B A3
J7 R RTRE 1
1.1.1  FipiEmRNARE

T v R A ML o AR, R



2024: 51 (10) IMEBIE, % BERANK B EmRNATERR A4 A9 S A *2679-
IR ER BAUAN, (MUK e i) B ORIP ORISR TR0 HA RO, Ol T

PRI A E R A0 18 W M e S, AN T AR THT
e Jir A % B R A PR BV IR 1 X ey
(A 3 B S X AR Yot I AR A B, AT
T e e XU A BE R TR . H RIT3E T mRNA 1%
Y I A T B M B R AR I R T T A, H
AL FE SARS-CoV-2, JEYRTE . IERIETE . &R
oBRE . AN K % g B BE W B (human
immunodeficiency virus, HIV) Fl35R A7 55 75 550
JAARE T o

B A e H AR SR M 0 A% G PR D AR 5 7 1
mRNA % 1 5 /& 51 X} SARS-CoV-2 1 T 3K 28 1
mRNA-1273 HIBNT162b2, X 0 i BIREA 20
OSBRI S e A B S e S 0, X it
il COVID-19 KA Fil & #% i Hh B i ok =0 &
SRIX W A — s I RIVE T, (B2 IR
A7 A RIE e i E . e SR T
LNP 3% 3% & 5 37 58993 75 Spike 2 [ 19 52 /R 45 & X
(receptor-binding domain, RBD) #J mRNA ( 4
2a), KEHEHER XTI R A SR A v R
ik, JERA SR P

T B D) — RS 35 NS B vy I W [
&, BEAECT TS T I, W mRNA
$E W TE N OB BF R oo W RO #E B R
(hemagglutinin, HA) RENSEE G 1 3 40 i MR 1R 57
&, IFTE NIRRT IS A SRRl A B 2
Rl B T B e i R A e B b e,
X HA I mRNASE B C 44 T REHE, JFEgTE
PR ST HA BT, A el e B (A 285
Fre 2, SR, HA S8R 3R i 2P 1 R AU
JR . BT mRNA @A R, iS22
P& R AT AR, BIFSE N G 46 1 20 ol Y
B 7 HA P51 A mRNA R ZE T 20 1 i B 1
REASAEAILAA ™ £ THU3) AT S 30 A7 2 3t S 2 1)
ik, &EB)ZA BB 2, McCafferty 5 2
R, 5T 3k PSR Bt S A [ 240 A5 0 B g S
N, AT REXT = B 548 Spike i AR AR A T 4R 7
I, RRIUARRONL, IR AR R SARS-CoV-2 224 )
LGB A E AR (K 2d). Sish, kT
— ISR AT, DA S AR IR AR T
JEATF IR PEET, 5 20 2 A I S B 1 28 2 TR Tl
(neuraminidase, NA) > JE4p & 7 18 &£ H
(M2e) 2 DA R i i 1 27 45, X S H0R gE 1 e fi%
LA A= TN Z R B 2 BT IA . it X e

PUVK Fe RN £ I RE L K A0 S A AR

B T SARS-CoV-2 Fli /B e, HIV 2| IR
18 & M5 B (respiratory syncytial virus, RSV)
G RAR I RE WA & T . SR E , mRNA
PEWAINT TAE SR RAY, FEA R k5%
T ERA 5 BRI IE 3, mRNA P21 10 H Bt i &2
o e A T B3 1A T E o
1.1.2 ¥R rPEmRNAYEH

TRITPERE T IR IE MR C 23 i R ol i
BRI T, HLARTGTE X ER Y A A m 2 b
98 0 LB D™ AT R S e B, U R R B A
TR R BT R R, (AT ™ A Xk AR e
RIS RN, LLRENATTRCR

12 P 2 BB R % 3% (chronic hepatitis B,
CHB) 5l &MY T2t R IR E— &
KGN TARE, AT RN ARG SRR
o LR AeAl . AR Ak R0 40 i g A JRURS: B E G
Il R FH A 25 ) JC i A e 2 o8 &V B, e AT
TGRS TRT T P A o AN O B 0 A 50
4 RO A A I 35 5 4k . mRNA £ i T A
PERE, TEIE TR RN . KRR
SEVEBUAR . 042 B A0 AT 20 45 5 i R B A R
HEER RSl (B 2c), EPLLABIRFRIBIT
PRI AT 7 T R SE d i 2

BRULZ AN, JEREIGYT IR R v i) iz
(R SRTR o  IPRE AT I 5 kg IV A DG D R e e S
Pl o IR AH BT R TE A M A e i s el
FEIRW—REARPUR, (HRAE SR E 5 A 4i i
WA D RINERIE ;. IR SRR dE DA 4
JH 3 R 2R AR s A AR AL o i v S B S AR A 2 L b
JE, X 2R BT R A e 20 B gy SR R
Chen 5§ ¥ ik i T —Fp 3L F ol B IE T (13-
O12B) HYKELL5HE [ LNP, AJ LIS i 4 K i
AP IF R A9 mRNA 7 %50 326 1 20 9k B 45 o i B iR
AR, DT REAE A R B 16 £ /N R ik
JEHERE, PhIFHTPD1 YT L AR S IA 2] 40% MR AR
Freyn 45 5 | H] LNP 354 2%¢ HA7 22 Fh i B #E90
) mRNA JEH, 76/ BB b S BT B i e
JERY (E2b), i3t mRNA it g5, Mk
MU g e B ()35 17 e e, A AL 1 B Y foie
RGRFIAMIE RO . BATC AT 23T M
1697 PE mRNA JE 1 I R, 40, mRNA-
4157 V8 —Fp A~ AL (NCT03313778), 4



+2680°

EMUESEYYIEHRRE  Prog. Biochem. Biophys.

2024; 51 (10)

@ gARS-Cov-2 . ®

g MRNA

etk e ~
J /
T |~ —

RNA /

,\;\’?NM im. TR R

., 0707
N <3 > HUAFTAN
ff” 7@
RS SV
m?%m% / S R S

1=y
NS4

¢ Q
s

g S > { HINIpdm
LI v
&52 HSN8 e
mRNA-LNP cH6/INS
ARCoV
» HBV-carrier mice
(©) EE—4F naRgr nsRgk Tmmunization
‘% ‘L 41 Group | (pay 1.8,15)
> ° PBS
HBV-carrier mice 0 1 78 1415 21 28 35 42 49 77 84 112 208 v ¥ |5 ug mRNA vac.
(AAVS-HBVL3) qtsémui 20 2R 20 20 A A v 10 pg mRNA v
1H

Day 208 Day 208 Day 208
4 ok *k *
) *k s ns 1500 *
W3 01!0'(.&;' 150} < e 1000 3
iz . 2o EEsxloS H 2o 60 » F
gEZ wy 42 100 >é %'V £75'100 v,
SRS SF EewTm e o
aE)'é Aﬁ& - 4 'A EE 50F ®  y_ aa %EIXIOS M A ‘gé 10 v ‘
= agdh o #3 §°¢ P
-1 be ‘ & ‘; 0 PBS 5pugl0 0 PBS 5 ug 10 I;S S5uglo
0 7 14 2128 354249 7784112208 e one he THe He The
Jd mRNA vac. mRNA vac. mRNA vac.
(d
(0715 nsP 1| nsP2 | nsP3 | nsP4 S-RBD (AYAXAYA)
4xaRN
& RBD&NS A) (@71 nsP 1| nsP2 | nsP3 | nsP4 S-RBD =D
Mock saRNA
CD4+T41 i
=
Pk
CD8+T4H s

QW@

—&F IniRet ik
WA1/2020
SARS-CoV-2

Ak o 3

=
Bk A B g
B.1.351
SARS-CoV-2

Fig.2 Application of mRNA vaccine
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Fig. 4 Gene editing process by CRISPR/Cas9
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Abstract In recent years, nucleic acid therapy, as a revolutionary therapeutic tool, has shown great potential in
the treatment of genetic diseases, infectious diseases and cancer. Lipid nanoparticles (LNPs) are currently the
most advanced mRNA delivery carriers, and their emergence is an important reason for the rapid approval and use
of COVID-19 mRNA vaccines and the development of mRNA therapy. Currently, mRNA therapeutics using LNP
as a carrier have been widely used in protein replacement therapy, vaccines and gene editing. Conventional LNP
is composed of four components: ionizable lipids, phospholipids, cholesterol, and polyethylene glycol (PEG)
lipids, which can effectively load mRNA to improve the stability of mRNA and promote the delivery of mRNA to
the cytoplasm. However, in the face of the complexity and diversity of clinical diseases, the structure, properties
and functions of existing LNPs are too homogeneous, and the lack of targeted delivery capability may result in the
risk of off-targeting. LNPs are flexibly designed and structurally stable vectors, and the adjustment of the types or
proportions of their components can give them additional functions without affecting the ability of LNPs to
deliver mRNAs. For example, by replacing and optimizing the basic components of LNP, introducing a fifth
component, and modifying its surface, LNP can be made to have more precise targeting ability to reduce the side
effects caused by treatment, or be given additional functions to synergistically enhance the efficacy of mRNA
therapy to respond to the clinical demand for nucleic acid therapy. It is also possible to further improve the
efficiency of LNP delivery of mRNA through machine learning-assisted LNP iteration. This review can provide a

reference method for the rational design of engineered lipid nanoparticles delivering mRNA to treat diseases.
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