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Progress on mRNA vaccine for the prevention of major infectious diseases in humans

and animals
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Abstract: A large number of studies have demonstrated that mRNA vaccine has been characterized as a technique with good safety,
strong immunogenicity and high developmental potential, which makes it have broad prospects in immunotherapy. In recent years, the
stability and in vivo delivery efficiency of mRNA vaccines have been largely addressed by the progresses in mRNA engineering and
delivery innovation. And some mRNA vaccines are now clinical approved or in preclinical trials. Here, we summarize current knowledge
on the research advances, technology, and application in major infectious diseases in humans and animals of mRNA vaccines, with the
aim to provide a reference for improving the development of novel mRNA vaccines.
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42 Pl 2019 ARSI 7 (African Swine fever virus,
ASFV) S EIE— BT, Il ik
TERMGHFRA Y, FEH™E SR RS L
& 1iE 76 IR 9K B 2 (severe acute respiratory syndrome
coronavirus 2, SARS-Cov-2) 5| it i) 57 84 e PR 7 2 i
# (Corona Virus Disease 2019, COVID-19) fHF4Ek
TRATTE A BRI B ™ R N R P 4555
TER, BT 60% ) NS JE AR VR T N & 3L 800,
7 308 3 o 2 A T 2 5 40 DA A A B A% B
AT mRNA 2 1 PR HAE & JE A%
R AP AR ERANS SR A S NI RE T A
TR RGE T BUAR H AT IR AR 7,
TR TR AN 8 i E A [ N 3 S [
A A U SR AN Y4 i mRNA
P2 e e NG PR AT 98 B PR RS, (HOE R B T
I RIETT o

1 mRNAJZ SRR

mRNA JZ i J& T — MR i, £ %M 30
T, Xt mRNA ZEH IR CAE 17— et ',
& g v AR P I AR RN R K B 8B 5 AR —
A R G 0 RS, BT DA R % T B & mRNA &
BB WD, IR N A W AT I R
mRNA JE S | —2e Rkt e (& 1). mRNA
955 A R v IR A G 5 T R
1.1 mRNAEEHHNEXRE

1961 4F, Brenner 25 " & Vi ik 7 mRNA 41,
B T mRNA 75 7 I = BEA FR o M, E #1969 4F
Lockard %5 "% 74 55 — VR 72 43 5 (1) mRNA & Bl ik
)i, 1978 4F, Dimitriadis " Fll Ostro 25 P 2% 3% fif
F 555 i AR A0 B35 AR5 M mRNA DL 50 4% 2 il
FEARE, b FL s 2N 2 b By Jes 41 B R0 /) BRBEL A bk
Eanfr, KIMEH T RUREEMEE . 1984
£, Krieg A1 Stump 25 22 244 F| SP6 RNA % &
il 7 A4 A1 B 1) e s AT i mRNA, - A B (174 41
mRNA 512485 7 FEAt. BfijS, 1989 4F Felgner &5 %)
¥ mRNA HIBHES 15 B 5 e g3 2 Fhdi i &,
3L T mRNA K Ak 358 1) = R SE. 1990 4,
Wolff 25 PV 4 it S 55 2 B FE RS I . 9 6 KB B-
- FLBE B 1) mRNA J3 55 2]/ BB UL, IR
T AR 5 mRNA 0] DLAEALAAR 2 23 A 208 A0 B 1
B AR, N mRNA W70 5B T 5. 1993 4E,
Martinon 25 ** F] 4 i 7 S8 25 4% £ 9 (nucleoprotein,

NP) ] mRNA- fig 5t 44 il 571 % 5% /N R 5, fE15 E
A T PR R R T 40 (cytotoxic T
lymphocytes, CTLs) 1) ;= 4=, M1 br & 5 5 — F
mRNA R EI. 2R1, mRNA 73 F A 5 A F
E, TEARN G REAR, B B e Ja v v DL R A A
EFCRARE R R R H T mRNAZE W R E. HE
2005 4%, Kariko 55 PR SR I BN A
] mRNA, @4 mRNA 25651 MM fF mRNA
S 4 B PR [ e R BT AR, 3B S0 Toll #3244 iy
gl RN L, HH B R T mRNA RIAE
HIIRE /7, JTHA] T mRNA L. 2017 4%,
Sahin %5 P2 g 7 41 X A 2 B €8 K% (1) mRNA
9% B I E IR IE R WX 3R, B A COVID-19 #& &,
2020 4, H4 Moderna £l BioNTech 43 i 4= 7 [ 4 Fil
mRNA-LNP % 1 BNT162b2 fll mRNA-1273 315 '
SUE AR U, RIS R MIRCR . He Ak
i (lipid nanoparticles, LNPs) i H #i 32 7t 1 34 1%
A%, 2021 4F, Alameh 25 B %552 7 COVID-19 mRNA
JE R LNPs BTG YE . H T O & A Bk 2 5
XT mRNA & ¥ B 55, 3 5 AT DLAE Tl s 27 A= HUsk
e PUME IR T LA L T AL B T Ok $E TE OR A
i (35,361
1.2 mRNAEER 225554

& i mRNA i 5 & 8 i AR S8 5% (in vitro tran-
scription, IVT) i ## 72 4E 1, %3 20 FH 42 1 DNA
REARCRT RNA 5E g (T7) SR, AR A0 i i s 72
WA A mRNA, Jd I 2li4h 25 5 R RN ) R BN
RNA 53¢ Ja RIVAT A AT (181 2). mRNA B B 3 22
43 A 9E & ] mRNA (non-replicating mRNA, NRM),
H 3P 1 mRNA (self-amplifying mRNA, SAM) Pl f
FRIR RNA (circular RNA, CircRNA) =25 M7

FEGE 1) NRM L S5 M 5" 21 3" Kk iy 5!
T 4544 (5" Cap m7Gp3N). 5" JE4mt5[X (untranslated
region, UTR). % A2 v 0 S5 (1) I T80 L HEZE (open
reading frame, ORF). 3’ UTR. poly(A) BE ¥, 7
ORF Ab4di N H ()4 5t 25k A B ] 58 B mRNA J8 7 1)
FE . AHXST SAM £ Hi, NRM % i) 2 Z L2
RN, SRt R, (H2 B 5 B RNA B % i,
TR PP B,

SAM J% ¥ s — Bl DLV B2 9 2EA,  ZEZHH N BE
W HAT B HIRIEREE, & S Cap, 5 UTR, 3
UTR. poly(A) J& 5 &5t 41, & & 4 P 4> ORF #l
268 WA HE) T 5. 5 NRM AHLE, SAM
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Fig. 1. Timeline of mRNA vaccine development. NP: nucleoprotein; LNPs: lipid nanoparticles; COVID-19: Corona Virus Disease
2019.
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Fig. 2. mRNA synthesis in vitro. The diagram shows the in vitro synthesis of mRNA, which uses linear DNA template and RNA poly-
merase (T7) efc. to mimic the synthesis of mRNA during natural cellular transcription, which can be used after removing unreacted

components or double-stranded RNA contaminants by purification. UTR: untranslated region; ORF: open reading frame. Created with

BioRender.com.
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FHFIPUE BB ERT, RREL (A DL R G N %
B IA) K AE K 1),

CircRNA J& — P i B A e 1) BA B PR 5 1)
[FESmAY RNA 43 521% mRNA FHEL, CircRNA
ANEAE 5 Cap A1 3" poly(A) £5#), [EIRf A5 RNA 4b
DIBgsem, A5 R HRIE AR e, W en,
CircRNA [ 22 1] 2 /b 28 M mRNA K 2.5 4% 41,
AR CircRNA ik 2 1ig 40 58 P #8128 (10 6 20 oe i, (|
B A] DL i P EBAZ B4R 3\ AL 4 (internal ribosome
entry site, IRES) 5 4% & ORF I iif7 [ N6- 3 I
(m6A) &Mk S P& F i FI 3. COVID-19 K,
Qu % ) 156 T 41 SARS-CoV-2 J% H: 7 M AF Fh )
CircRNA J 1, il CircRNA ik il 98 5 [ 1 %
{4k 18 (receptor binding domain, RBD) 1 A5,
BRI T T /N RANE X SARS-CoV-2 [ 5 5
AT 2 e B

2 mRNAFEHEBEAR

mRNA B ERFIE LR 1. BREtEZ, RN
32t 26 00RO DA B BB v 1 e R G2 JeR A TR E 34
AWEL, ZITFEAWISR I 517, mRNA

P8 P NP P T R SR A AT R IR YT T R .
2.1 mRNA& L&

H AT 3 2085 DU =F07 20R 58 mRNA 12
ENE LBEERCRE, S EUB M RSUR WK 2.

(1) 5' Cap f& %4 : 5 Cap &5 ¥ 1] [ 1: mRNA 4
SN R RE, DT AR mRNA £ 5 4 IF 92 I B0 %
Jazh. HR4EHEFRE, =FhEEIESEMN Cap 0.
Cap 1. Cap 2™, R Cap 0 ff] mRNA 1] RE<x 4 75
F AR AME RNA, T 35078 3 19 58 KA b % SR
JAas), filkRIERMN. Cap 1 A] LLyg /D #E 2R 51 52
& (pattern recognition receptor, PRR) ¥, MM
2 = mRNA 7E A& N () f 323 . Cap 2 W] LA$g i
mRNA BRI ERR ", HAl Cap 1 S5t H T
mRNA g ®, il sl A o N i & 1 Cap 2
ACA B8 53 J A P 2 9 97 2 i et A g B,
ff mRNA ;=4 Cap 1, MT1H mRNA #xic A “ H
5 RNA”, A H A2 % R G B F B smdl ik .

(2) 124 3" poly(A) /£ : poly(A) & & K £ H K
PR FL 3 ) mRNA F) 3" R i K — Bl 1 IR B 2
TR LS Z % (A) 454 A (poly A binding proteins,
PABPs) 2 & 41} 5 #% ¥ A% & H (ribonucleoprotein,

A 1. mRNAYE & #9454
Table 1. Characteristics of mRNA vaccines

Vaccine type Advantages

Disadvantages

mRNA vaccine

the production process, while mRNA vaccines do not

need to be integrated into the host genome, avoiding

the risk of insertional mutations.

2. High immunogenicity, capable of activating both cellular

and humoral immunity.

3. High efficiency of antigen expression, as it can be rapidly
translated in the cytoplasm without entering the nucleus,

and the translation efficiency is several times higher than

that of DNA.

1. High safety, no pathogens and antibiotics are used in

1. mRNA is unstable on its own and is susceptible to
enzymatic degradation in vivo.

2. Low delivery efficiency in vivo, influenced by its
own size and molecular weight.

3. Low translation efficiency, double-stranded RNA
(dsRNA) is produced during transcription in vitro,
which affects the translation process.

4. Inconvenient transportation, due to its instability,
it needs to be stored and transported under low

temperature conditions.

4. High development potential, and its preparation process

is simple and easy to produce on a large scale.

The table shows the advantages and disadvantages of mRNA vaccines.

&2. mRNAS A AE46 AR
Table 2. mRNA synthetic modifications and effects

Effect

Structural element Modification
5’ Capping Cap structure
Poly(A) tail Tail elongation
Nucleoside

Modify mRNA transcripts with alternative nucleotides

Increase protein synthesis and stability "

aqe . . 54
Increase stability and translational efficiency "
Reduce innate immune activation and increase

translational capacity ®

The table shows the modifications to the three sites of mRNA and the corresponding effects.
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RNP) & A4 B, I RhoH B4 B s R0B 3 Al
il mRNA Fase 2w LB, 24 mRNA Fikgl
MiJi, poly(A) & RNP E &) 5 5 Cap W [F{F H,
n] DL A% B 15 kS 46 [X] 7 4F (eukaryotic initiation
factor 4F, elF4F) H &Y pifa e i AR gs g, M
EEE AR IE B I, poly(A) BHIAELEXN TH
B E A RIS VAT DI AL, poly(A) i
Al LU By B AN ok AR € mRNA 731 HEl
FER BT /E DNA BRR B 2 KB poly(A)
J 51 87 55 R AR K B T 5 1) poly(A) .

Q) BRI REM . AT FHIRZEZ RNA #K
AT RS G B, H AT 22 I RNA & RS 124
23k 150 280 B, 15 E g RG] LR 5 iR 5
KRB mRNA, FEIHLAE NAME RNA, M
155 JE [ S BT mRNA 1% 5. 75 mRNA
e F BB BR S 1 HE R 2 TE AR 75 B mRNA B,
FIFMERJRE (P) 1- FEERIRE (ml1W) F15- HE
H (mSC) B AT AR PR AN AT B s e o B
2.2 mRNAZEEISIXRYE

mRNA 15> F 8 K H A F g, R 4
RS PR B8 i XL o3 S, TEAR N B WA IR i e A
W R T & F T % mRNA iz T H. HAl
J AR B Ak 32 N T mRNA 3%, (HEX
KPR EA — RINEEG T, B W B AR AR
XL S I T e = e 2% B0, Rk H T &
IR LA FR AR AL VT B AR R 2 A
2.2.1 LNPs

LNPs /2§ 7T #it % i) mRNA i# % & 4i. LNPs
S FhGOREEN, AR AR B4, HPUA
2H 5y 2H B JIE [ P PR R A L 2R £ BF (polyethylene
glycol, PEG)- if i Fl ] i 8 i Bt 11, oAzt 28 s m]
PLSZELGT mRNA 2. fF7E 1989 4E, Malone
2 o2 ol mRNA FPHE 7R LB R e 5 2
Fha i 2. H B Pfizer-BioNTech 1 Moderna 2 =]
TF R ) 32 A B ) mRINA 357 78 56 R 55 75 928 1
B LA LNPs Jy#fk 2,
2.2.2 SRR A

W I T 2 9 A 2 BROR O AAE T 1) 3 2 JR IR 2
—, JXE LNPs E ¥ BLUeb IR 23 % 1 1160 R R
CUIAR TARIF MR, (E H TRl E R AR B i
FLAE M SE AN SCRE I AR R R KRG, ©F
— L TR B T AR T LAVE IR N YR T FIT RNA
Bk AR %, 2022 4, Popowski 2% 1 F it Y 4
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HM AR A mRNA B3 15 R G/ BRAFE N R R
KRB TR . W TR BAAEXS T LNPs 11 5,
J R S WA AT Rt e S T R RN B, I ELAE
PRFFE T B =K A mRNA & A RO, R AN
A o [l Popowski Z5iA Bt #1] T S-Exo (SARS-CoV-2
spike protein encoding mRNA-loaded Lung-Exos) % T
W IR 7 AR SR SR N g — N AR AL
A A UAA A SRy — Fh A 2 IR AR E 4K TR 25 47)
WIERG, ATV IR IR
223 EEEFIKER

Liu 2 VR T —F & AR U LT R &%
A mRNA KRV, 27 A Mg - %
1% - SIS (CpG) 1) DNA WYTiifA (CpG-tFNA) Fl/h
5 B- PifEl 25 2 (murine B defensin 2, mDF2B) & &1
. tENA & —Ffr M =44k, BAHEarg
NS E R A 2 4%, mDF2B J& — 1 £ Bk
(host defense peptide, HDP), 5 Z&IR41 il (dendritic
cells, DCs) FiX [ Toll F£524& 4 (Toll-like receptor 4,
TLR4) AHEAEH]. BT AEH], BT CpG-
tFNA A7 1E L ) mDF2p 25 & 76—k, RAUE
711 9 K JB: % CpG-tFNA-mDF2B,  [7] I i 51 HL £if )
mRNA #5415 257 I AR PRI EE |, RATE
B 7] mRNA 9K . BF 5T R W] 1% mRNA 4/
KW P4 DCs AL (2 3 FLRi#h, a4 ) DCs
UM T IR E LRI ER AL T, FESE
TR THM S EEPE, W R 5
CDS8" T 41 LI #% 2 41 & 2% 5 1 s 23, 15031
Bk b m i, S Aml s ik A K [F]I
%M T mRNA AL T8N E W S22 I, A
Al TALGi 614 248, B4 LNPs 2% mRNA (5
R, RAE—EREE LR T mRNA f e Pk,
B2 G 7] eI mRNA 558 ™ ME@Ed H
Z BB 7 ] Lt — 2P A0 AL mRNA 5%k R 412 4]
A EAEH

3 mRNAZEE ARG RmBEE R A

FAT, K28 mRNA B2 3 28 A T 52 05
RNEILET, IR UK. FERom. R,

IR LA A s R IR AR 5, A B R AU
K mRNA BEEED .
3.1 IER&

FE R A& —Fp AT K799 5 (rabies virus, RABV)
SR NERB Y 0 SR 2 I, I8 @ 3h )
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NI A 3 . A IE R 3 B804 3R 6 J7 ABET: 1,
R 58 P B ) o H I 5 20 - TS B B e 2 4.
ZUhii £ ). DUAESR MRS IR B 5 T I 2
KETy, WRAEA = T71%0r FVUFR = N A5 A4 i
# P (human diploid cell rabies vaccine, HDCV). 4fi
A3 A 241 B % 1 (purified chick embryo cell vaccine,
PCECV). JE L& & 5 40 M % & (purified hamster
kidney cell vaccine, PHKCV) LA & 2fi4k, Vero 4| i 4
RIFEEW (purified Vero cell rabies vaccine, PVRV) 7,
IR H TR R IR W A R, (B TR 2
T A BEAE T A0 ik B rh AR A2, T HL 9%
fiot, B BEIT R LA BARBC. #
BUL R R TS RS R TR i

Li % k) 2 7 4% i3 RABV-G [¥] NRM ¥ 1
LVRNAO001, HJ LNPs #4752 5 0f /)y SRR BE AT
FTPEFERN, TEEE 14 RFNEE 35 RUWCEE ML A AT
FUARL I, JF LA 50 £ B ESE R (median lethal
dose, LDy,) VEAT . $F LVRNAOOT ¥ 15 /)N B
A R HLL 100% HIAEEE, RN R RABV
It HAFAE SKSFHUA, R T 9% Fe ot /N BRI 1)
TR VER
3.2 RR%

R — Tl RO 7 51 D ) 1 A% LR R B
WGBS, TR FENI S 2 R b AL 4 .
B 72T HEGRAT A, DY E R R S IR AR
TSI, AF5 1918 £/ HINT. 1957 4Eff) H2N2,
1968 4 [ H3N2 11 2009 4 ] HINT ™ 5 [ it
TR B R (R T VR R FE AT v, EL T IR R 7 Y
R RAMERIFE R EABE ), TP A ML LB
W3 G2 1 2 M i 2 A 2 Y

Vogel % " F 2 3% JL R A [7) 1 375 2L 19 i, 45 3%
(hemagglutinin, HA) 157 ] SAM % 1% /N BUEAT
B, I 7 HIND fUEOR . HF H5S =M KiE
T AL, 4Rh% HA TR (7% 771 mRNA i 7
YK RIS 3 B0 T 48 i A1 B 48 Y e 28 e B B 5
Arevalo % PV JF R T —Fh 4w T BT AT A1) 20
RS 2 8 g JEs 25 I 14 1) HA 38 R 1) mRNA fig
JR 4K H0RE (20-HA mRNA-LNP) 518, HF56iE ] %
9 T AT A RIS /08 BRORD 25 53 7= A 5 22 Rt B ) 40
e I N AHIE T EE 3 — 8 0 58 BL 78 ) [ W 20-HA
mRNA-LNP 2 1 175 5 5.5 Bz LA o
3.3 OE&E

P18 28 4TS AR 2 P AR WSO [ 5Kl 10 B 2 O

(foot-and-mouth disease virus, FMDV) 5] & ) fx F A%
G AR SR 2 — o ARIEPURFENE, FMDV
AL MIER (A, Oy C. Asial, SATL, SAT2 Al
SAT3)™,  H Fl K 22 BUEF 6 1528 1 75 Ml 28 1 40
W2 K ER T AR, e, R
H A R [ A7 R 7Y

Pulido %5 " 7E/Nil FMDV f7eh, i ] FMDV
FE R 2 % 36 72 AR 1) mRNA BRI, RELZ H /b
U= AE T LI FMDV A, Uk T FMDV
mRNA % 1 0] LLiF5 5% FMDV B0 21 G2 [V o
3.4 EBFH

FERWIRE (Zika virus, ZIKV) J&— 11 5 504
163 0 3 5, VIR 1952 4E R I T & #1 AN 2K
ZIKV Gl 7, fERs Aty —HEEAE
ORI, ELF 2007~2017 4F A & U k)R
FJE TG T RIS B B AR R R,
P ZIKV W BT a6 &, H 30 H AN ke WA 5
%I I B VE AT e o

Medina-Magiies %5 " # 7 7 mRNA J% 1 (ZIKV
prM-E mRNA-LNP), F P4l HAE AG129 /) U2
HRST R IR A ZIKV prM-E mRNA-LNP
73 7R R E 1gG1 A 1gG2a [F] RYFLAR AN T 40 1
82, 3 b S A ) B ZIKV B AG129 /) B R H
100% AAF 2, FIBENRRE R E T%. 85
X 7N B AT TR 2 A DA %% ZIKV prM-E mRNA-
LNP 5l Puiksm s, 4R BRHIES T mKTH
ORI, ORIV SR ZIKV G
3.5 ¥E

M5 A& % 95 99 7 (Monkeypox  virus, MPXV)
FIEMNE LR, FEE R K, BERAI
fEECN BN IR R TR . B8R 2022
F6 H 10 H, SIERRMAILSETE NI 43 ASE K
&7 1500 Z B . 2022457 A 23 H, HT
H S0 A e B G B g i, R AR E
A IS 13 R R A kg R R 2 . MPXV EZE
2 g 460, 55 5 (extracellular enveloped virus, EEV)
Y0 i N % #4097 7% (intracellular mature virus, IMV)
YLLK, PLETER ST MPXV B T K 2 Nk 28 7%
JREEE T, 1S KIUE Sk E EEV I IMV f B4
993 75 2R [ 0 B8 1 B A e Ak B

H M mRNA J% i 7£ SARS-Cov-2 FHU#E 1 R IF
2R, Yang 25 ™ Hyg 7 3 fh#ik MPXV EEV &
F A35R fll IMV & H MIR ) mRNA 7% 1, H o
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VGPox 1 1 VGPox 2 #& 5. — 1) mRNA 7T, 4aid
HT A3SR A A 45 R 0RT 4 ) MR 21 1 ) i 5
HH, MERXNET VGPox 2 Z:fk T A35R 2%
[Xo 1 VGPox 3 %45 1> HLJl ¥ mRNA-LNP (178
EW, 4 lgmis A3SR FIl MIR. 45 R &8oR HE VG-
Pox 1 1 2 ] DAAT 24155 3 AL A4 1) A4 Y 4 92 0 4 i £
$, I B AT LA SR ANE R R G AR VG-
Pox 1 1 2 7] DARCAEE XTI ) mRNA S 1 .
3.6 Ew

SRR YR RAGE: G e BB £ 5 1k (acquired
immunodeficiency syndrome, AIDS), & T 14 J&%
e NS A% B FE9% 7 (human immunodeficiency virus,
HIV) T 51 KA S . &0 NP« HIV-1 #
HIV-2. HIV J& T W% 500 # B8 )8, 1%
RS R RS R L A 1 O, R
R e FER S CDA™T 40, Mm-S Sl A st
PR Gy BRI . B R SR IR T T
BRA GRS SIRT 4, BIRW] LUA %
R, SRMX YA VF 2 ki, BRERITE
FA A DA S 75 P 0 S AR 2 e R & BT, T DA R
BE— e G R TT BT T

T mRNA SR g r, HAA 7% L
R HAN TR e LS, TR, e
KT HIV-mRNA 2 i (1) 1lis PR 5B 78 B S I PR e
O 4k 5% Zhang %5 ™ B} & 1) HIV-mRNA 9%
B EAE /D BRAHE N R AR s 22 PR
R, HLRE S B [ MR AT HR A g fi, AT 2H 3
TERL P F s HIV & : Env fl Gag 251, X
T2z ¥ 1) B 0 AL PR 240 T 3 7 i i 1 o 4 e R
7 A 95 5 R BURL (virus-like particle, VLP), H Tt
b SEHEI HIV BRI, X 48 VLP Joik e M Hi
IR A 5] KRG BOB R, SRTIIX 28 VLP 22 5]
KRR G RN, R IR 3R B 5 AR B P T P T
WEMIEL, TEHEMAIE P (priming vaccine) DL It
J5 2 URFEF N SR B PR PRI, A R - N R
G BB 7% (simian-human immunodeficiency virus,
SHIV) Ji B GBS T % 1 79%. HAIh i 2 K&
W 505K VA% ATk — 2 40k 1% HIV-mRNA % 1, DA
JEPRAT DAL A R il N 76 S AR T F iz % i 1 —
S PR o
3.7 E4AfE7AE (cytomegalovirus, CMV)ERAE

ANECMV g THREW TR, Aol
LA FHMA R RS HHRAHE R AR o E 1)

653

B RGIKY, CMV £ R IUA RIS, 7EH )
REAR N (A i £ 5 e 7 2 1 IR R

John %5 PV T 4wt CMV BEEE 1 gB #1715
S A (PC) i) mRNA-LNP %1, 7E/NRAEHEA
K RK2FW) (non-human primates, NHPs) 71 7R H
AR FE AR AP . [ Moderna 2 7]
NE R E L CMV YL I K ) mRNA-1647 F 1
TE 58 — By BRI 58 [ B AR I R 3K 56 (1 o 7 &5 o
MR Z, H R C AT = W K R 56
(NCT05085366). %50 1) 3 2 H br & PPl mRNA-
1647 $% B (£ CMV L& BT L2 5 & T (97 3L,
I PPl mRNA-1647 W TERTA 2 538 2 4
AN i P

4 HFiL5RE

B A 30 4 B £E Ihn AR At 36 v & s B
mRNA % 1 DLk P, 3 ik A W i B AR B0, 41
X mRNA BEAT & BB #3728 I8 % R S LA
LW FE CireRNA 4%, fi# ¢t | mRNA 2 5E 1 7 A4k
I IE R R AR AF B, A mRNA E T HORA
Wik, SAEGE ML, mRNA B AR %24
Fs SRR PURRIBRCE R A AR T
AT R85 13 KA 35 2019 4, COVID-19 [ 4
RARIE mRNA R IRER JE ™, H AT AR
RS N B L U 1) mRNA 1 C 2 3 N s PR RiT
WA, IR R AP S slcof 7 E R H
i v R Z A R B 58 M 78 S s WA eI 1Y
FEVE, W BEGE AN I £5 5 AiE 93 75 (porcine repro-
ductive and respiratory syndrome virus, PRRSV), 4
97 53 PE BB Y5 % 7% (bovine viral diarrhea virus, BVDV),
RIS AL Gtk I % 5%, WE A mRNA % 1 0f
TS5 UL bR BV A ORI g DRI I R 0
16 A B S5 R HE AR mRNA B33 77 s 9T .

T AT EE . BOARR & DL sk Ry
PEECRZEPHAS T mRNA 5 1 76 58 122 4538 1) N P o
HAT,  JUUARIVE S8R R i 5 2 mRNA ¥ B 1) 5 2
WEIRAE, TR ) RS AR,
G, BBV G 25380 O ) I E G
wAT, P, FERTH L KRG LLE R AR R
KNG 77 eah, HEIR mRNA B 1 A 7= A %
a7 o L SRR, R A e e b ) Jo A A
— AR, A AR R BURLAERE . TR R R
AR SR S AR L ZR ot DA S ol AR AR R R
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Wi mRNA () 515, I DA RR B g on & 45 il 12 e oF
A A = 0 PR AE R it FE = mRNA S i . [FI,
W 7 EAE BN IR 5 o — P VR mRNA P 15 [ 22
S BU N R T R R AR N T2 uF
N, BT RAIE 5 HE— 0 G mRNA P P A7 AR

EN IV = AN 2 X AN = 0 L1 o D
(adipose mesenchymal stem cells, ADMSCs) il £ Fi
iz, FHCERRHENEREN T 2 A0
PRI ~ 5455 LA B 52 JokA53 4 S5 A D A frg 44 i 210,
AR K ADMSCs 1E 5 mRNA ##i% R4t 75 n] DL
R N RIS RO LA U IR AR R AR el e 4
K e PR 75 P05 4 i 1Y mRNA %% 44 ADMSCs J& i
IRV RAGEARN, WE 2R R A8 R A A4
B30k T R0 75 1 P AT AR IR A IR T R R
. AHEIEA AR, mRNA P 2 80 ak A,
FE NS E R B i b KA AR .
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