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Abstract: Considering the urgent needs of coronavirus disease 2019 (COVID-19) epidemic prevention and control, nucleic acid vac-
cine has attracted great attention in the vaccine research and development (R&D) field owing to its high efficiency and good efficacy.
Particularly, the R&D process of messenger RNA (mRNA) vaccine has significantly accelerated, and the mRNA vaccine was approved
for the first time to be marketed and used in humans. This article first summarizes the R&D status of nucleic acid vaccines from the
aspects of related technical concept, R&D path, and development trend, and identifies the characteristics of nucleic acid vaccines.
Subsequently, it analyzes the impact of COVID-19 outbreak on the mRNA vaccine research, summarizes the main fields of application
of nucleic acid vaccines, and studies the possible technical and safety problems. Furthermore, we suggest that the key technologies of
nucleic acid vaccines should be developed by improving the target gene expression, delivery system, immune response, and mRNA
stability and storage. Moreover, the safety and efficacy of nucleic acid vaccines should be strictly monitored; stakeholders should con-
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duct research on mRNA vaccine technologies that have safety risks and potentially disruptive effects on cancer and infectious disease

prevention and control; and a forward-looking technological layout and technical transformation should be emphasized.
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vaccine; coronavirus disease 2019 (COVID-19); cancer

T ﬁﬁ%—

925 T A2 N B 28 4 e B3 o3 A A G 5
Canfpggs > e EE “EGaR 7. R B RIE A R s
fFB, CAMKT R, SRR RERM, H
RAEA BTN R RZRE R (HIV). JERSEN
N8 e BAT B K B A% Gy . — L3 A% i,
WAL et R S R PR i 6 . N B v BU M U IR
B R RUR R . RERR . BRI EE S
PG, RREER. BUtE S, HERAEMRE
R T ARK B BRI ARG IR IT FaR 5 R AL
2y, THELRE K 2 AN [F S )5 1% 1 B R iR AT
KN (A RN T o R, R 75 B4 B T
PV 7 TR R AT R S HORG &, A BRSNS T AE 1Y
HARBRAL [1,2].

AR, (EAR GRS P T R JE
fit b, SRAAMNSEE S N TR Ty
o R TAESWAAEHEAR, R T ZFE8
IR R, AR A RN TR A e . &
M IRAFFERRE T (VLP). ZFE4i 5%,
AR . B TR . IRE (R
W SEAZ A% TR (DNAD % 11 I FEAZ IR (RNAD S 1)
o IR R EW I LR, Rl & DNA %
B AR ATE R 1990 4 [3], (HAHSG TAEH AR
PR ARSI ) R R . 4T, AR AR
B & (COVID-19) SEIEANERES:, (5 k% b
B (mRNA) RGBT K T RO
PIVER DR T A% G 72 B0 I v 28 PR RS AT B
P25 VE I R AN ) DGy AR, AR T Ml P O A R 9%
B E . AT AT T e R R T I
A 4], RIAE IR R E R P IE HRZ 1
BREERPE T R FFEREE N . B O B 2 v A
KRR Wi 75X COVID-19 1% 1) DNA 8
mRNA P B REEEOR 57 it g [5,6]: 253 1
mRNA P 1 [T CE AP 2 WL S 8 S e g . i
JEH IS TS [7]e ASCoHT T DNA #5785 RNA

154

JET . SO WA . R URLZ A
FKHIRHT] RG] (SCD X REIHMW: HIRE
B RN HAth 35 % B AE BT 20 4E SR £ 32 55 TE RNA %
B AR SZ 2000 4F DAKB M T R BB 52 07 1\, 75 Ak
T BT B HLAE 2020 45 DLURH 7T %V E 15
PR ERETE; DNA 28 AT 70 R R I R, |
2010 F 2 J it e #VE CL 2B FRR&EA LK D,

WEFER], BOERR LIRS T R LER
WICKRE, MARINZIRE W AR K 5. DNA
R 5 RNA P B R 2 18] R O B B T A 5 dE AT LE
o, WARTFIE RGN RIWE S0 H B B . &
PTG, ARSCHE HIT R AR IR v I K R R B
MNHASASHT. RIEBBA, 5 H R E R
B R R, DU AR ST R A J5 AV PRI AT 7T
AL S %

=\ EEREEBORTA

% B P8 T AR B DRI v, ¥ G R I o )5 B
FIAMNESE R (DNA B RNA) B35 A Sk 4
My Cn A ML om0 =0, B
1B MM RERFARPEEA, FFE 3~
A PP R I S e N, kT OA B T AE T
IR ) H . ARYE R ZE RS AR, IR
v DNA % 1. RNA #1, o RNA %1 3 245
mRNA &1 .

(—) DNA JEE AR

DNA % 18 0] 43 A 5 BAT A0 iR 1)«
PEHT R g A R AR e A 26 ] A B A%
FILFAK)G B DNA KL [5]; BEIERZL RS SA
16K, WA CAHZIN. BT E e 5 g0 i el
gL AL BREL,  BP ] 7540 AL P R IE R EAA ) B
EIR PS8 LA 7= A= 4 i G 2 FOAA TR B %
SN

B AL GE 0 & % WA B, DNA S 1 1) e g%



hETIERY 2021 4 $23% 41

900

800

700 -

600 -

500 -

WICBUR

400
300 -
200

100

0 ||4W4—+—1——q—;~4’*£f

N N N T S = S |

e

1971 1976 1981 1986 1991

— MW —— WEHUREE T, —— DNAJEHE; —— RNAJEH;

1996 2001 2006 2011 2016 2021
I )4

Eiayd]

1 HBREERRIEARED
A HdEok H PubMed HHE A, I EALE 2021 456 H 30 H.

JR A 32 B PR TR mAR BT PR ], 7E 30 2410
IV SuR L IUNCN MZNEE e S SE VG T 5% N
SINAE B — D42 m DNA T, il id 2
Wit FERBM . RS AR 3 - (2t Ts
RARIR R e R, R, IRk
FIURE S5 B IO P AR TR

(=) mRNA EHEHAR

mRNA JE W & RS 51 5 bRy & B s
1) mRNA 740, #bt =N G, 1Mo EiE
O B BB RN AR M P s TRl mRNA 41 45 ¥ A Fa s H.
Y AN B2 A BRK R, TR B IR G AR 1
Jiti R B 1k mRNA J7 51 B A, 3 75 He 0 X 1) 30
mRNA F& [0 5 DL AR T S N H i, R R
SRR N RIEMERT s kGt FLEME, mRNA #Hi%
R L T B (8]

M HT [ mRNA % 7 3 2 1% 40 mRNA ¥ 1
H 3R 1 8 mRNA P 5 9 A 2 1133 19 ik
B2 HE (ORF) REHmMPURMER; f&5HM
ORF A AL & 4 65 B J5 (1 2 [F], 38 AL 46 RNA 47
WHFEAESWED, o mRNA ZEATH 1Y I35
IEMPUR K RIEE. B 7 ORF 24k, WM
BEAH 5 mAEREX (5 UTR). 3" S dRBi iR X
(3' UTR). 5' Uil F-458) (Cap). 3' i 2 RIREH IR
45K (Poly-A), X mRNA N L&, A

% mRNA £ 5 P42 5 mRNA B 10k o 1 AL
2, W] FEK mRNA B 5 1) R ik, f2meatt.

3% B AT mRNA AR E . BIRERCR
FIFEECE AR, v AR A Brakid
R AA G B e ivE, DL N AT e Al
U= A TPk, S2m mRNA B8 i h k. 4k
993 15 3R DA o A4 3R A IE mRINA P8 1 (10 33 36 o B
MRz, FEMRBA: Bk ZER, @idiR
JR KR AL EE mRNA K% H A, 7K mRNA £
B, B R A TR K B DA (- B s
J AR VIR 5 40 B AR AL, o] A 28k Ak 5 4 M S ke
A, mRNA HENGH R 80 i oA T i it
mRNA M AR R B, & KRR =
mRNA TERNRIERCE, 5T aiER, rTRH
FHEEA .

(Z) #BERZ E HHHE
SEGRKIERE N . AR, IR
WAARMMLA [5.9]. SLERZEIN S, KRE
B A TR LT BT B ARG, TR B
THRAE TR RE 1 A TEdRIZ IOk, 3t
— B RMBA PUR . B oL T RIREE D S
RPN, AT RECA LSS AHIRL
R ORBELRY J158, HRl R & A B L4
WKL, BESAZMEEES 1RSI Ky 74

155



BEREEMEATSESAREN

&, [R5 R PR A AR s s @f & i, A
BERA, X G AT R (1 5 R AT B R O B
A TR R R R T DUB A, ASREPLRFE
AR TR A, AT RSNE QR RE A, TR
17973 B R IR A PR T BB R s O N L RE
A 4019 AN H S AT Ar RS I #4053 DR A 24 5=
RIL[10]; @FRFh TR ARS8 55 A4 1 4
TR 53 B AL IR 7 S v v, R A & 748 S5
of [7] — g B 7 A2 28 X A s B EL B 1 FR T
PEThRE, WITERT IR IR R, SRR T A S T
AR AP T AR e R Z, X4
JRLIR AR AT G g2 AR, Ko i A5 P T L 7 A 928 7
%5 ©% T iz, F 245 DNA £ =i
AR AR

R T BARE I TG 2, H
WA — 2R, —J7 1, DNA T4 M
ik, TTREAS A X miD I BTIR, T A BT X W%
Fi DNA 7318 mRNA A& &, (R 5 & f M 5im
() R J& I T B = 2E S i 52, AR DNA F7 %%
A B 15 5 5 DR AL 7B AE UK s DNA JE 1 7 /N Sh )
PR AT A B R R, B KBS, Ntk
PN I G 8 SR I AR N AR . S — T, AR R
(17 RNA % 1 B A 5 35 995 25 2 AL I 4 928 B2 L
{7 B RO PR A 2 A ) 4% TV R A R
TG B A R0 0 56 DR A 3 SR 1 RUB S5 A 34, (R 4
RIZEA A B SE [5,117; 76208 34 J5 i 1 28
(3T DU A T RE BRI R N R L, Wk b 1)
AR AR B, &SRB R A R
A v B T RE 22 AR K, DR I AR M o 7 A R L
J G g BB TR 75 R By 6 A R SO LT
Fll . BEARAH AR AL 7= AR 77 THI AT A7 AE B [ 7]

=\ BERE T & U R#E S

(—) DNA I S HEXT Ak ER, mRNA BB &5 &

L

IR T 7 Ua T 20 HHh40 80—90 AR, fE4
W RIE R . RER R P . P B P A A Y A
5 i 2 GE A SEBR N . 1990 4, Wolff &5 T
AN B TORL, VRSN /N BRUVLIAJS 7T 4 40 i 5
FERETE AR P Ao e M Rk gm0 25 (1 [3,10]. 1991 4F,
Williams %5 & I 405 25 R i N A 3 9 3R 08 7= ) T i

156

SN [12]. 1992 4F, Tang 25 K I 45
JFREL (R A P 20 B A% 5 AL A 7= AR B 5 R I8 B 1A
FEVI I PR R RE, 7= AR e S M oA b 6 3G 2k T 9%
T HE & B A 57 [13]. 1993 4E, Ulmer 284 & A %
it FER 7R 08 B8 B A% B 11 110 2 48 TR R A B/ RO
P, JTORL AT A 5 R /N BR A AL 18 2 S YR AR 11
Bk [14]. SR KEZNY LR, 7EE 90 %
R, DNA HENAA N 8 51 2 4H B G 5 AR G 8 o
1994 4175 H N BL A B & 2 30 I P T i 44
NIZBRFE T, TG W RR A 4k I P P IR EE 2 . T
BT Z G “8E = AR

HTE 1990 45, Wolff 45 [3] ¥ & 4 & B 1
mRNA ZWLRES 2/ RE8ILAN, RITEH#
JVLEH B N A R S 3R 08 19 B 1 5 28 B 72 A e g% Ik
N, JE&7x T mRNA [¥RIT I 71, SR, mRNA %
DR oA ANTE ] RNA BgFE i, HAARREmE A
R, —MOAASEHMERAR, 24K mRNA %1
KA RS . BEE RNA R Bk, ik
REMRIE, LHFK RNA B ARG R — 5k
Ji&,  andm [ S8 IR K ST 7 A BA Lo AN [R) 2R 8 2108
B, WK TSR 2P PR A L mRNA
e [15]. MBI KE, DNA i H AT
b FRah A BEHCRES: RNAE RS A ETHN, B
2014 A AH R SCHOR LR i I KB R (I
Bl 1. E2). RNABEHTREARBETwE, B
Wi /& T COVID-19 17 X PRk iy R0 i i 5 =k, 78
2020 P RNA #5147 3 i 13 2 56 30F 5, o
FURAE B AR (L D

AR A, 76 2020 4E LAY, [E & HufF 7T
FEE T EH RNA w70 /T DNA JZ . [
FKERBI ISR TS (NSFC). EH E A BAW
FulbE (NIHD st 73 %[5 58 BhA% B8 % i ot 1 i % 1
MU, % B 72 A () DNA JE 15 8 7018 5C 4 DNA 5%
B B R 80%~90%, ¥ B AR 1) RNA ¥4 1 iff
FU LI DNA ST 1/10.

(Z) COVID-19 Z1E{R# mRNA JZ E R IR

£ 2020 4 LART, BAA 2 DA% R i i R A
I R I TS0, HLAR DA SR Mo 2%, tHE S N 3%
AN s UF 7 5 H DNA £ 3R
ft BT, H TR 5 v Je 2 BRI AL Y West Nile-
Innovator DNA & tH F 5 ke BT DNA 1



hETIERY 2021 4 $23% 41

800

700

600

500

400

300

LRI R/ 5

200

100

729

i)/ 4
—@— DNAJET;

—&— RNASEH

]2 DNA ZEFIRNA BEEFHIEH =T HIEE
e BUESRIET incoPAT LRIHEEE, B IRIHEE 2020 45 FEFIAFFEIRIFETER)S, 2019—2020 FHHRNHES% .

COVID-19 B 1% F K Ja, X 1 1) 75 oK B 3
B T R T T R AR, AHSCEE T B A T
20% NIZBRE R KA. #2021 6 H 30 H, #%
PR Y% ¥ 7= i A 707 T, — 4RI [a) A FR) 7 38 7= i
WA 24 EREMK T 18%, 1 394 Wi~ §h (&
356 il DNA #£75. 38 T RNA & 1) D& 1WA,
H AT, A4k T & BRI & B B 9% P A 313 T
(%5190 75 DNA #1123 3 RNA & 11), Hd g
10% (1977 fi Ab T 25 R LB B, 24 88% [¥177 i Ak
Tl PR AT B R FE T B s 2 T i R 22 B e A 4
) AL T IRES 1 I AL T TR B, 2 T
mRNA 75 (mRNA-1273. BNTI162b2) i it %
SRR

H 2020 FFLAk, Hi )8 s K LR | i
A 66 T (2915 60%) NE X COVID-19 7k, H
W 44 Tj 5 mRNA %% Wi. H 7 7€ #F 5 COVID-19
i B 1 mRNA % 1 A 41 5, COVID-19 ¥ [5 %
DNA ZEHA 23 T, 74k, EFXHRBYEEE. HIV i
By ONFBE 2R R0 B S LA BRI G, IR
SR IR G PR i T R ST B9 1 H 44 T, mRNA
P& W B R B TR AFERT 1 4E, KRR
T I TR 8~10 HE BT, 1X
R R TR R A G g A SR BT 7 M 9% A R TR
A,

(=) FEZREERASERE

WAL IR 28 1 8 R B 13 R ALE 7= it T R e P8 ) A
E, EETE DNA ZEH AT RNA S A0 1) kb 4515
AE (3. £ 1), HEAE 2015 420 S HET
RNA i ; fEE T 10 4 1) mRNA 2 B i & 2 3
W, ik, SEE. 8 E RSB ) mRNA 25
WER B AR, £ COVID-19 £ 15 5 K o fie i ik
W& mRNA % 1 HARFEAe A S, EE. MEER
COVID-19 mRNA % 1 7= fib B0 & 5390 5 1 5 mRNA
PET P2 AR 10% 5%

YT RNA B R AR e, R E A8 AL %
I R 5 T s L AR Ay B ST BT B T O
B . DNA W55, i1 20 43k, KETE
DNA ¥ 1 S it ik B AR )1, LR HiGE
R TRE, {3 RNA BT RN E (2R 1,
#2. B3, H{ COVID-19 B R K2 )G, %
T RNA i R ar By, 3 & I
I AT 5 RNA iR, AH G & R B & OBk
[ B A T A4 — K RNA P HERE (LK 3),
WEE R D], B %R v 0 R B S g
TERRIERE, 7k E R OUE KK A4
REAR BN H R = S etk . Har, EFEFW
DNA. RNA F 17 5 (R R 80823 51 20 5 1 5 1)
2% 9%.

157



BB EEMASE S RZREN

350 90
300 [
250
= =
~ ~
mg 200 [ ]
i #m
%— 150 %
: | :
100 [ |
50 NA/_/N
0 11 |/\| Il [ LTI a7 ‘*Z
FFEFFFI TP TSP
i ) / 4 i ) / 4
(a) DNAJEH (b) RNAJEH
—%E; ——opE; —EE; o E — EE —%E; —E; ——pE; o HA; — g
E 3 HZEREEEFRIFED
TE: HORRUET incoPAT LAISGRIE, HE i RAT 5 G,
F1 REBREBEEETHHFERNSHER
He44 DNAYE 11 L& F] F i L HE E =/ 0 RNAJE 1 %] H i [EH L F IS S /0
1 [ 3919 F[H 324
2 ] 1059 fit ] 120
3 e[ 580 ] 60
4 151 539 H AR 55
5 1 ] 459 5 5 38
6 H A 403 e [H 27
7 i [ 259 B3 ) 12
8 TR 231 = lling
9 Bt 154 DA
10 E[ s 149 =104 8

e BAERIET incoPAT LR, B [A#% 2021 456 H 30 H.

(M) BERFMERBREENEENAARE

MEERE T S8 SORE, IR W R £
EEnEEURE TR S (HIV. AR5 (HCV).
R R WES). W (EE. o
FIMRdE . FLBRIESE), W IT N 05 B 1 4 4 % |
B TIENUE] AR At/ LS.

%R T 77 i L FH 7 ][RR DA B g . e
T 50T NE. PR EEGRERSE. CA L
%3 (HBV). HCV. HIV. SARS-CoV-2 &, W%
FEGFNRME . BOFERW. RARRRE .
YA SR ELAPR . RTSIRRIR . B DR
MRV T e i /SR B PR

158

A0 X L A S R AL Je e I B ve . 5 AN O
AN E], EF%F COVID-19 [ 1 DL mRNA 1 A 3,
E AR SR B 0 LS T B T IR RO e T T
K28 mRNA 7R (LR 3. B 4),

9. ZERTE H & R

A% 8 P W R ) mRNA P, 7E I K 77 T (1
JI O FH 2 M 51X B A R 4 s A 47 il
T3 DRI B B G5 S 7 ) $ 2 25 18 NI X 2% 4
5 1R G SN EET B GO S R I RE T . HE
AMEAR R 22 sEA RT3 E& T,



hETIERY 2021 4 $23% 41

*®2 REREEFREEMRLERR / XN SHIER

BIF5E R ESHLAG 1 B 2R /b X DNAJE HF R 77 T it/ I0 RNAJE TR 7= i /0 Gt/
% 348 76 424
B [ 48 3 51
Pt 11 29 40
L | 28 4 32
] 12 15 27
EN 11 7 18
RIS, 15 1 16
¥= 11 0 11
PN 7 4 11
EH 0
Fify 9 0
oAt [ /M X 37 22 59
St 546 161 707
T HHERIET incoPAT LRI EEE, IFIRIEES 2021 4F 6 J1 30 H.
#3 BEREEEEBGEETERERSIHIER

A L b= /I FEWE = it B /T Ty

DNAJE I RNAZE DNAJZ RNAJE T
EeA 245 19 112 93 469
A iR 79 8 51 26 164
UKL 12 7 3 2 24
A WA AT PR 2 95 5 1 2 0 8
PRGN BIR 5 1 10 1 17
Jk Y 7 0 10 1 18
INIRER TS 2 0 1 0 3
Yo 5 Ik e 1 0 0 0 1
FhE 0 0 1 0 1
Fopthy A b 0 2 0 0 2
Gt 356 38 190 123 707

W HHERIET Cortellis 504 P2, 144 2021 4F 6 H 30 H.

7 BB i RAZ IR PE W IO B A SE A P55 i)
L, WA SR S A% e B, Bl 2 AT
B PER 30 IR TR, I NS, At
RSB RAE

(=) BAREREN

1. R H 2 AR

RZBRFE W BT 7T SRt NAFHEBLE B B, R AR
AR AN AR SRR
A, BUFOE UG, TINFEAR /40, EATBT PR
FEBLUEs S A B 6 O R e AR

WA AR ST 3, UG A BN %
RIFF IO H RO HEDR Xt B aAR B fR s 1 18
SR W TR SORE TR AT UL, R RAMNE
S RIE .

2. BEHIERG

XF T A5 SN DNA 5 R, v iRk A
U5 AU JFORL B G RR AR AR AR P RE LS 1A 2 b
P2 RCR Y I e, SR BB B ) B A 2 T R AR
AU DNA X 4 R 8% Ge e, e gL, [
W, AV Ay CCEHESD . WSS, X T
mRNA B, B 73 T 5 5T 40 oK RORL &5 3R 3t AT

159



BB EEMASE S RZREN

80
60
40
20
= - Bl B
=
-20 ||
—40
—-60
_80 ] F & HF F H F
& ¢ FFF I F
® C/O @)ﬁé \287 %ﬁl\,&k &2\ )&% ’i@%\
4 i LA

B D& IR BDNASERT; B SR MRNAER; W AEFFRIDNASER; & fEFFHRNARET

El4 IomBSaiEe ik~ mibig
W IEMFORERSE SR &R .

WIkAN, WRIEFRAIZE. BEWisH. BBRAE
HEMGPKRBIETF G5 T, SEI S BB IR
mRNA N4 RNA i 5 .

3 HRE S N

TN G 88 A2 7] 2 1 5 AL AR S Bt iR 1 4 92
2o o B B R R BOs R. BR T 4i A
T BUHET B9 BR0R N 2 R R A 5
TP FNITYAL, TF R A0 71 5 mRNA BF 7L,
7E mRNA 73 7 5] NAS M 14 1) A% 1 5 ] 5 &
mRNA-# K7 T2 G5, RAHIS mRNA %0
A, $ERmiEROR, 2K mRNA ], 1A 2
P77 mRNA Bl 5 .

4. $458 mRNA F20€ 1 & 2 71

RNTF AR FF mRNA 9% 1 75 M KO- A7 1 1 AF
FC, JIEX DNA AR L5 UTR.3' UTR X 35751
Poly-A J&, RAMEEEIH Cap #H =R (NTP)
54 B mRNA T 3EAT W, BRI 43 B A Atk
FAR KA AL mRNA, $25 mRNA 8 e AR i
B, B oul ik R4, R R mRNA
336 B AR SR B 3 0 mRNA P 0 e PR R B
A WRAERE M T 5865 T2 A1 mRNA
EAF R, KB AR [16].

(=) 1Tl BREN

1. PR M A% I8 1 1) 22 A PR 35

S W% R 5 1 AE COVID-19 ¥ 175 b B H: v 2%
St AL S SRR S E IS AN AR= /51 aR 014 I 1] S s I =

160

GREHEAR R KINBOR i — DI E. ERH
W Al A A Rk e e R aT s N,
F ] WA UM T3 S0 7™ s M Al o el B2, AR 2 HESNAE
ey 2 i skt TR B IR,
KB e KW VIR UE F L. 25 T RZ IR B 7
COVID-19 Bt Z 1 #R AR 8 1E s N A8 T ) 5
B, X T e B R R I B T IndE SR A N
PVRZIRPE W, BRI LR N R 5 v B SR O 4 48
PRER, DAMERS R B K ek, WA
NG ERET M@k

2. VEE SRR AT EAT = e dt etk

LB WA E BT R v, AR BORAI AL T AN
SEEMIRE, fEREAH. A, RN R
SE PR AT A7 AE — S JL, T 0 A% G e 1 X &
BB R, EAMUSHUR R B A
Ly fE mRNA BB R 7 1 AT 1 B BUk 8RR
B SRR AT M B AL A 7 S A I R TS P S
ZERN ) R ), AEACIR BT T R RIS, T 1
ARAFAE LR A (PR QYR IR T RERTHE
AJe, AL E . ARAERRFAT A% I B v 10 vt X
BT ARRAAT SR SR &, JEEBOARF A S
RLFHREEE, TR it R R T), R IR THRIE
B RERE KT

SE 3k
[1] W4EFS, BRJT, Liu C, 55, SRR HHER AR50 ] hIEAEY
THEA4E, 2019, 39(5): 35-42.



PETIEMEF 2021 FF F23% F4H)

(2]

[3]

[4]

(3]

(6]

(7

(8]

Xie H L, Chen F, Liu C, et al. Analysis of global vaccines devel-
opment situation [J]. China Biotechnology, 2019, 39(5): 35-42.
Wi b, IRRA. IS W R S T —REOR 7], £k E
AR, 2017 (2): 43-50.

Yang Y L, Xu J J. Novel vaccine development and next generation
technology of vaccine design [J]. Biotechnology & Business, 2017
(2): 43-50.

Wolff J A, Malone R W, Williams P, et al. Direct gene transfer into
mouse muscle in vivo [J]. Science, 1990, 247(4949): 1465-1468.
XU, QIR i, 55 R R WSS ).
A SERGRITIG PRS R 52 2 3, 2020, 34(4): 357-366.

LiuJ, Liu F H, Wu H L, et al. Analysis of global coronavirus vac-
cines development situation [J]. Chinese Journal of Experimental
and Clinical Virology, 2020, 34(4): 357-366.

B, W F, XUAR, 45, COVID-19 DNAYE 1 Gl AR 57 i
HEEI AT [J]. EFEESE, 2020, 44(5): 349-353.

Ge H, Jiang L Y, Liu S, et al. Progress in key technologies and
products of COVID-19 DNA vaccine [J]. Military Medical Scienc-
es, 2020, 44(5): 349-353.

e, AN E, ¥R, 25 COVID-19 mRNAJE KRR AR 57 by
HERE T (7). ZESHEE 2, 2020, 44(4): 264-268.

Ge H, Jiang L Y, Liu S, et al. Progress in key technologies and
products of COVID-19 mRNA vaccine [J]. Military Medical Sci-
ences, 2020, 44(4): 264-268.

Xu S Q, Yang K P, Li R, et al. mRNA vaccine era mechanisms,
drug platform and clinical prospection [J]. International Journal of
Molecular Sciences, 2020, 21(18): 1-10.

THIBE, YA 4, AV, 55, mRNAJE M I R IR PRI TTE R [0].
o E A T RS, 2019, 39(11): 105-112.

Hu S, Yi Y J, Hu T, et al. Development and clinical progress of

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

mRNA vaccine J]. China Biotechnology, 2019, 39(11): 105-112.
BT, RO LIRS S L LI AT (7], b AL
HUp 248, 2000, 16(6): 82-86.

Li X R, Yu X B. Study on the immune mechanism of nucleic acid
vaccine [J]. Chinese Journal of Zoonoses, 2000, 16(6): 82-86.
Wolff J A, Ludtke J J, Acsadi G, et al. Long-term persistence of
plasmid DNA and foreign gene expression in mouse muscle [J].
Human Molecular Genetics, 1992, 1(6): 363-369.

Coolen A L, Lacroix C, Mercier-Gouy P, et al. Poly (lactic acid)
nanoparticles and cell-penetrating peptide potentiate mRNA-based
vaccine expression in dendritic cells triggering their activation [J].
Biomaterials, 2019, 195: 23-37.

Williams R S, Johnston S A, Riedy M, et al. Introduction of for-
eign genes into tissues of living mice by DNA-coated micropro-
jectiles [J]. Proceedings of the National Academy of Sciences of
the United States of America, 1991, 88(7): 2726-2730.

Tang D C, DeVit M, Johnston S A. Genetic immunization is a
simple method for eliciting an immune response [J]. Nature, 1992,
356(6365): 152-154.

Ulmer J B, Donnelly J J, Parker S E, et al. Heterologous protection
against influenza by injection of DNA encoding a viral protein [J].
Science, 1993, 259(5102): 1745-1749.

Sahin U, Derhovanessian E, Miller M, et al. Personalized RNA
mutanome vaccines mobilize poly-specific therapeutic immunity
against cancer [J]. Nature, 2017, 547(7662): 222-226..

JBLL, THRAT, I8 A, & B HOR 0T TEE AN - A (0], v
22 &, 2019, 28(14): 1665-1669.

Fan H, Yu Z X, Su Y, et al. General analysis of the advances in
vaccine technology [J]. Chinese Journal of New Drugs, 2019,
28(14): 1665-1669.

161



