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Abstract The emergence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has led to
notable advancements in the pharmaceutical sector regarding the development of mRNA vaccines. These
vaccines have gained considerable attention given their straightforward production process, improved safety
profile compared to DNA vaccines, and efficient expression of mRNA-encoded antigens within cells. In
addition, mRNA vaccines offer the advantage of not requiring transcription within the nucleus, thereby
eliminating the risk of integration into the host genome. Nevertheless, mRNA vaccines also have limitations,
such as possible allergy, kidney failure, and other serious side effects, or may rapidly degrade after injection
or cause a cytokine storm. These factors present substantial challenges concerning the immunogenicity
and delivery of mRNA vaccines. The purpose of this article is to primarily focus on the molecular design,
delivery systems, and current clinical status of mRNA vaccines, aiming to provide valuable insights for future

advancements in this field.
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Fig.1 The development of mRNA vaccines
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A 4E— R, Scheel 2575, fASE A
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T N 2@ Toll FE32815 518 BIHE 5L 14
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A 55, BRI TE VR SE IR R A 2 U7,
4k, VRPs EAME etk sk £,
I, A R G A R IR
3.3.3 HAhi#ik mRNA 19754 M+ Rk

— BB, mRNA B %% R 404 Bh
e, B, HEMAR mRNA WA #17 4
Zjo PR IRV L B AR IRVETRAE N mRNA ¥
R, TR RS, B, B
mRNA TR EFEILS. b, Y
I B A S R IR S5 g vk . SR, A
RRGRY, MFHEHE mRNA AR E M,
I, — MO, I R 2 SO TR MR
B BAREAE R ST B RS LA
VEST 4

4 mRNA ZEHINH

41 TEIMTREESESKHRS 2 BRLA
mRNA Z B R

f£ SARS-CoV-2 KififT 1, mRNA ¥ [
I R 70 58 A5 T e S B PEAE s, BdE AR/
SRR . ORI, L& HIV AN 88 45,
Hrb, KZATFIRE VT . 3 mRNA JEAEE
IR % 22 FH R 2SR (DC) « DC A2 —Fh#
bR, {ERPUE 2IEAM, "DEPTE N
oy N, HREG RN, AT A IE N
G s 2 N Y, Boczkowski 2R, FI £
GRS B 1 RNA B DC $2 i T /) Bt
HRRERD. W, @ik R o,
mRNA FERESE i O T R, B AR s e
Toi PRI 98 A1 K 2 3 N IR IRER P B . 3% 1 FEk 2
e T HRTIE R RS Y mRNA 8 AE 2% i
HI mRNA JH 9% 1 -
42 FHETRFEZEE mRNA BH

2019 fE4EJEK, SARS-CoV-2 74 ERiu 4%
B, ABIFE RV B RA 5% . 5 R

(0 K AL 1 24 v w) A R % KB HLA TR a6 200 T
WU e T . IR R TR R, HE
2022 4E 8 H, ©F 170 Fi e 2 i Ak T I AR AT
RErBL, 198 Mk Tl ke 7t, Hr, RNA %%
W41 B HAET, FEsEw iR EEESLE 3
X /n#l: BioNTech. CureVac fl Moderna. 2020
)&, Pfizer 5 BioNTech & 1EJF &) mRNA #r
FEPETH BNT162b2 DL Moderna ] mRNA-1273
# FDA BRI E 2 H. 2021 45 A 10 H,
FDA #itifE, 7€ 12~18 S FH bEF, KoM
Moderna ) mRNA-1273 # . b4k, 2021 4 8
H 23 H, %4 FDA #it#E, BNT162b2 BN H 3k
HHEAER COVID-19 # 1 .

42.1 MBI

TEE A ZCR J51H, Moderna ) mRNA-1273
PEBTTEVE S 28 705 T AR5 N 94.1%;  Pfizer/
BioNTech [#] BNT162b2 7EiEH 25 55 Wil A 2%
FKN95%, T 2021 423 H 31 H, Pfizer {E4RT
VIV HSE56 5 BAT, IR H >4 COVID-19
EIITRE A R IS 100%.

Xie S ORT R, S5 EMG B ARAT LE,
BNT162b2 2 i 4 8 R AE R NSO1Y Fy7 38R
fik. Moderna f] mRNA-1273 ¥ 1 % 25 A Fk
A EMEH, TN BT AR R AE
Pk, Xt B.1.351 A2 G R MU T B A
422 FEH AN

BNT162b2 T A58 1 2 A Pk (FF 9% 1 26
TRIEERE 14 W) BoR: BUE IR RN N
TSR B 2 T B s LI A B e N LA
Pe57 M NI NBEFEREE K (=38 °C) ;
W NBFLE BN, Garvey %48,
B N AT RES R O A R

Moderna Z &M PHE IR REEA BN N
I ALBE. PR ARE SR SRR RN
ORI RIS S WU R /IR
AN FEE
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Table1 Cancer mRNA vaccines in clinical trials"
JERES Y NCT & 2 W B R
NCT03164772 BI 1361849 (CV9202) -+ IL & i +/— W L AR H g0 Il HE
AR/ 2 i NCT03908671 SRR I AL mRNA S — R
NCT02688686 YU R T15 5 1% S 40 57 (SOCS) 1 Il ARH
NCT04163094 W_oval +-RH1/EAZRE I e
G S g NCTO01334047 DC-006 VIl kb
NCT01456065 %1% TERT mRNA Fl Survivin fik[f) DC I AR
NCT00204607 mRNA +GM-CSF v (S5
NCT00978913 hTERT. survivin fll p53 # 44 DC I [0
NCT01278940 mRNA ¥ 5¢(¥] DCs+1L-2 Vi (S5
NCTO01530698 mRNA F 5 5L E A SR 40 2 i Vi (S5
NCT03480152 (NCD)-4650, —Fh3ET mRNA (1414 Ab Je i 2 1 I 4k
NCT00929019 J mRNA 1 77 SLI A SOIR A A v b
NCT00846456 JirIE - 40 SR VR Y mRINA 6 G (R SR 4 VIl (S5
) NCT00626483 13, CMV pp65 LAMP mRNA (] DC+GM-CSF I g5
e (R MR o R4 T ) X i
NCT03548571 P4t survivin A1 hTERT + # 52MeflZ [¥) mRNA % 441 DC T/ EIEM
NCT02649582 FIf& WT1 mRNA i3 DC+ & S i VIl ik 3
NCT01278914 mRNA 5% (R R 4H A i [E%957
- NCT01446731 HI PSA. PAP. survivin fl h\TERT mRNA + 2 4§ 42 % 44 (1) DC il (S5
NCT02452307 Jik % Hi+5¢ K JE 1SA-51 +/7G1;£%§§ é& A /BRI 54+ /-mRNA/ - o
NCT00834002 DC %¢# Wilms Jif& 44 K (WT1)mRNA I (S5
NCTO01734304 %% WT1. PRAME I CMVpp65 [ mRNA % L[{) DC VIl (S5
Mif&%éﬁaﬁ?{i(igw 2R i N i o i 190 5 S R (W TERT) AN — 3083V B A A DG JE -
L NCT00510133 CRIVACICR 1 LAMP-1(LAMP)(] mRNA) I BseR
NCT02528682 MiHA mRNA fi# (1) PD-L #5% DC VIl CLIE I
NCT00228189 DC %% CEA mRNA I S50
B R GURE NCT03468244 S HT R 1A VAL mRNA P # — ik 3
NCT02693236 JiRP 15 % Y1) 1 4k DCs+ CIK 41l VIt AR
5 B 2 Jeif, WS 7 RERE . U R AR B e il R AT

mRNA B HR H 2 eh, HAL R 8%
mRNA oA ek, o4 B1e 12
AR RS AT N NI BT B T, A
PER S 1 TR dh g ik i 2, TS 40
PREETE T RS AL, DARSERT R A .

FEm BRSO T 7 10, AL A ™ 2 R IR
SRE LRI 2 BURGE. RN POE SR
EAE/ NI S 8 NN S b 3R ST e

)

-

6], et il 26 mRNA 1 BRI -

BIRVF 2 g ade 72 v 15 40 T e PR AT A0 B 3 I IR
UIT BB, {HIX AR P2 A R B A
Kk Z 1A m RN E Nz 8k, HAr, 5%
AHEE IR mRNA % 8 BRI GE3EN T3,
#% BioNTech FIE & il 25 B G146 N e AT B
Ugur Sahin FR, Ath 82 AL B 3 5K R AR AL
F#F BioNTech £ mRNA ARV & K™ &E 2k
PR 2R B RS i
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Table 2 mRNA vaccines against viral diseases in clinical trials™"
PRI AL B 2 A NCT 5 7 BBt RE
NCT04523571 BNT162b1+ 2 &5 I Eiek 3
NCT04449276 CVnCoV # 1 + 2 i 7 I Eiek 3
NCT04470427 mRNA-1273 + 22 &5 I Eiek 3
SARS-CoV-2 NCT04368728 BNT162b1+BNT162b2 I/ ek 2
NCT04515147 CVnCoV A WA 5
NCT04283461 mRNA-1273 I BEATT, RISE
NCT04405076 mRNA-1273 + 2 &5 A BEATT, RISE
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