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[Abstract] Vaccines are one of the most cost-effective means of controlling and preventing infectious diseases. Until now humans have

eradicated smallpox and polio through vaccination. Still, most viruses that harm humans lack effective vaccines. In addition, certain RNA

viruses such as influenza viruses and novel coronaviruses have led to immune escape of existing vaccines due to their mutability. To this

end, the development of safe and efficient universal vaccines is urgently needed. Nanoparticle vaccines can exhibit multiple different

dominant antigen epitopes to induce stronger and broader-spectrum immune protection. The review expounds the administration routes

of nanoparticle vaccines, the advantages of nanoparticle vaccines from the perspective of stimulating the immune response of the host,

advantages of nanoparticle vaccines for presenting antigens and delivering drugs, summarizes several commonly used nanoparticle vaccine

carriers and their advantages and disadvantages, and introduces the latest clinical progress of several SARS-CoV-2 nanoparticle vaccines, in

order to provide reference for the development of new antiviral vaccines.
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Figure 1 Three ways to present viral antigens in nanoparticle vaccines

1 MRFHAERGH N

G0 e v i W R 4 240 245 O LA B 1 3
SF, ONBERS S ST e Bk E H G (1gG) B
SRR TP TG RE AL, foedr 1945 24577 202
S M SN R R 2 2, T T I I 7 A
eIl AR RN . R RS AR
PERG BRI, S ARG M 25 1 ALK
W8Iy, AEPU G Tr A B R, A
GRS, P il R e Bk 1 A (sIgA) 1Y

PPS

PR SR X ORI B R B 0 B ATV . SRR 245 2
BERPEW AT ATA0] 0] GE 23 7E 25 25 3B 5 | AR AE W
AR, AR S0 38 8 O R X — B3R . okt
RLZEW T R/NEIE KR TE, ik,
e A AR B TR AL 7™ A BB S g, ELA R R ks
AR D) o B A ARG A A e ( DL 2A)
PR VR R R M40 20 (0 1 e 1 . Kurosaki 45 K¢
YR IURLIE 1 28 it 25 24 B0 T N B A R B A i
Zhao % " RS AR, S i B s 45 24 e RN

FoFt Aooomion mack miom



%'?ii&?omﬁloﬂ §46% 4104

K IBURLRE 6 18 51 X8 1) B I R 255

2 MARFREEFSIETE R ERRY
sl

PEE WY 22 IR O R B 0 R
G0 5 R A R I P SR SN, DAARAHS B A £
b gas M, DRI A ARSI T A e A AT L
PER N P RIE I R — D RS HRE. 5
FABE VAR L, AR IORLSE B A LA™ A e i
N & T RAVFZ IS U, AR 4
il (antigen presenting cell, APC ) X 44 K 5UHL 1) 4
LI 2 AR EIE U 1 B A0 A AL,
DA K3 3k 9 U996 P B0 it A6 75 D8 AR 5 R 4 i

(follicular dendritic cell, FDC ) &b, fEEPrish & .

2.1 ¥EEMIRE S 40 BT A K Bk R H 3K

Joa AR T A AR A S 2 ( macrophage,
Mo ) % APC i3k, 2ZJ5 APC ¥ FUAREA S 244
T 200, JF4EADR R IARREAS k4, Bt B 4l
A, EBAAIEHUAR RN, TEBRIE IR, Bk
4 ffl ( dendritic cells, DC) {4 & £ 1Y) APC 7E iX
AP R AEE BOVE, I DC 2 i A Y
FEAOANNL . GH K UKL 138 o 50 DC TE BT
EPRYINEE, SRESUEE N PE R RN, X B
FHOREARM L o 38T DORFAR RGO IR
WFEF R RST L JRAR . RIFRESE, X SR
2352 DC X ARSI A B IR B, e 23R B Fa g
TR EAR P RSFZ5R 100 nm AR U E A
FIT DC BYHEH, X2 i T R/IME 100 nm 2247 944
KR AT DL A IR AR S, RN R R
DCU, BEAl, GRITURL 1A 2 T L faf AT AR AR 23 52 1
DC XK BURL B T2 R Y B e,
7 IE L B 4R SOk B ) B DC . AT TR ak
HAbIEAR B A FURE, BRIE 1 90 K BORLSE &) ¢ DC
FHCM AN, AT AFE G K ORI T 1 VR AR
R A R ) 32 A (pattern recognition receptor,
PRR) ##sh#, U0 Toll 324Kk ( Toll-like receptors,
TLR) %5, 5% APC MRU. DF9ERIT, TE9KE
KEPE T 7 TR I PRR S AT i 3 s pLIA Y
P I BRI T AT

PPS

2.2 Fi# B MAupiEL, EEEERR

YA RIURE R 1 T B S AL R AR i AR L
TREIE R A B e SO, B S i 2 A L HE S 7
YRORIUR 2 THI 8 H BEAT A5 = FL O e i, (HdT)R
MR IHES R AR E 2L AR, TEgRER &
T s AR 8% 5 (human immunodeficiency
virus, HIV ) #9431 5 4% 5 4 (envelope, Env) —
RAIK, BEWIE T A RIR Env BRI AR
BT R N, [FIEF, 4N B 402K (B cell
receptor, BCR) fg#% 51 2 >R e i if, $o s
52 R Z M PS5 A E M Sd U NS Rt e
W, 9 oK MUK 2 T HT 5L 00 %% B2 5 /N RO P i 105
L% B (respiratory syncytial virus, RSV ) HJ J&
{18y F R SZ R iR B AR G T R R R 328 1 3 T[]
B2APniB 250 BAME. AR AM, 7F
BAASGARIURE |- 3 BB 55 JR 7R 22 o T ke 1) Dt et o5 2

( hemagglutinin, HA) HAFT B 4R 1Y,

B 20 A i ORI [ i bk 2 TRl R sF PR R 6, 7
A AN [ B AR S5 A T 8 R A A 1,
DL IERE FHPE v AT R B T A S

Pl i) 8 5 HE S R SRR R A —Fh 1 AR R
fiE, B RIS AP T R B AR SN . X
D PG FR A 0% B 40 M ™ A SR i — A 2 A
#. Kanekiyo %5 " iU 5T W, FE 98K BURE 1 LA
I\ FRHES 2% 2 8 2= PU)t, IESE 1R+
149 JUART A A0E A R0 85 A L A B 8 101 28 7 T R H5E E
TR Ah, GIKIORLA R G s SR TP R A R
EVE, GEREHIT 1 RA S
23 BWENEEHRELSAMIBMELM, RERFRE

APC TER I AR DTS , W] EFS 2 Ja s ibk [
g5, HERBOERAIANE, X2 5 i s s e A Y
AR X TR R S, PR F B E LA
JEVL AN A= % Aot (germinal center, GC) , XJ&H
TR G E T 75 220 B 4H M TR ZEAE G TH AR AR
FDC T4 vt h R E HEAE ], B¥ e b
FRELrhidh 25 B 4, P, FFHo)aie o Tk e g
) FDC Ak 2 20UR SR e ) L3R Bl
SN TAERFFE AT V6 FUBURE M HIV-Env S 5
EEAIRT R I, DAGRKBURIE 2RI Env = RIK

Prog Pharm Sci Oct. 2022 Vol. 46 No.10 -



. Prog Pharm Sci Oct. 2022 Vol. 46  No. 10

o IR 23 U HAE R L S5 N IR RS RE . m v
HIV gp120 5§, gp140 — FRARYL I 3= B 7 T8 v 1]
XIg, HEH7EZEik SIGN-R1 (AR 2 5eAs,
Fe AR G N, THERIEEE ) 1 E MR I
SRR IE 20 gp120 5% Env = RAKTE S8 5
JLRWNFEZLEHPLEFDC L, 58410 GC Hee i ',
BEAh, GORTURLIY R/ 28 e L, HAR/IN T
15 nm 494 AR TE S5 F5 m] s E AU 2 45 8 I
X, {048 h a9l k. MHILLZ T, HEH
50~100 nm GRBURAESRRE IS 12 h PIiE A LG,
(AT AE AR SRR . A2 2 Y (ot IE S X Sl K
WOk A IS W eI LS FDC A GC e 7, sk R e
R RERVE R TR, AT LA G 1k b g4 R
KT Ak L5 M) FDC 3RS

3 RFhEE A TinEmE S Y%

eI AR N PRS2 et 2, mT
A SR WO B0 P DL B B A A5 R
PERYBR ], B a2 138 AR ME = 280 b B 3R
B EWAERMM Ty, UHEREER. 5&EN
AN ], A% v FEANTRUE , TEAR N 5 i T I o i
B 4an mRNA J&—Fhafy L far 9 K43, ANfgidE ot
AR B, (H e 2R A I N A e B
FIT, DA FE02E 1 (A BRI, . 9K R AR 11
KR — PR L os T sen) i, X R85 T
YRR IR AR E PR DL SR B i 2 e, TR E
T R AR ORI 11 i i i SR R B AN 2 P ik
kit

YRR HE AR, 38 2 40 A 2
A, WAL AE AR T i 9 oK UKL I I 5 2 Fha
g, —PpEE e VR PR HE A, O —Fh R
TR B T ARG, AOKRBOR AL, T
RAEPERTVER, 2008 1 VA W AR 10K 40 K
KRS BANM . $E7R, AR IIURE Py Ak itk 11 T
T U A I H A N K SO T L 3 3k e e A B
5 L i) mRNA JE A &K, 1% mRNA, ff
' mRNA ANEAZPRIREA . Ak, BB 59K IS0k,
FERR R B RS e M Tl R FEF 2 . 780K PH
TE AR, A7 1E HL B A RS0 T L 1 375 5 XL

PPS

2B B 25 R4 TR ISR B PR S AR, AT i 25 9 sl 4T
JEE AR (WE 2B ) .
A AIAMER

* £F
e o o e @
£
B ﬁ+
£t e
oLy &
\ m
MR g
N @
o | -
L+ \
/ 23
2

o2

(A GRKIBTRLEE ) 4 5 27 3% B 20 L8 AN A IR A0 M % 1
ELE NGRS, Wl i LR, (B 40K
L E I B A VR E N, R NAHIRAS A KORE S T
2 Fidimiz: O k(A HEH 400, @ 1E f IR 9K ORI
RN RSB, o AR IR, RN B T, R AR

Bl 2 4Rk o oF SRR 20 Al R A 1 ik itk
Figure 2 Nanoparticle vaccines penetrate mucosal
cells and escape from endosomes

4 'H R KRR E 3
4.1 BERRAK Tk

B4 K kL (lipid nanoparticle, LNP) &
Wilg . R R A A A R R B 2 2 B EROE
$E, LNP ] H] 776 2% I 2 0 B 0 sl 7e N
AR TPl AR LNP A Rl F2 b (o FH %)
PRGBS AR LA, BT DAV LNP (94 ot DL
JEAR TR R 1, LNP SE # B2 M 80 ~200 nm,
XS R B R /N—2, I A St A5k
e JEE , JORR RSN TR B, Sl o s i A
L HERS PR A RO IR A LNP 804y, LLAE R ~F o]
#5019 LNP, LNP 764K pH i M 1B, ATV A
LY mRNA, X TE P94 K AURE P A 3% 7 T
FEEZEAEH . LNP BP0 SHAE T 0T AAERS MG BRI ]
W, MATEGAMMAN 2SS, LNP O ZNH T

FoFt Aooomion mack miom



i%'?ii&2022$103 §46% 4104

mRNA-LNP % i () il /F, 4% mRNA-LNP % i
HEAIGIRBY B o il an , fogi B e 52 SARS-CoV-2)
() S % H mRNA 5 LNP 3t [6] #] % 19 BNT162b2
mRNA-LNP i (9055 & 3, 5 AR 4 Pl % 1 1
ZARE AL, BERP 2 FFR R R 2 %
SARS-CoV-2 ( Wuhan-Hu-1 #k ) myEZe, HARR
AL 90%,  FL& AR E AN B RV I HEREAIE 21
[ RE AT 72 45 SR AE LA 8 A 7 vt pl i g 3] B
TE [, mRNA-LNP %15 Al {48k 94% 1Y 65 %
P2 NG R 2019 B B el R #597 ( COVID-19 )
MR . TR 2R, 2 mRNA-
LNP 32 1 G Jm i v RIS A, A2 T A (R
WAZ5E RN 6 A P, il LNP 75 %
I & 7R HIV A5 I 26 (1 Env ) B HIV 99 2K B0k 2
HBHHIE A R RCE . A58 2B, HIV JR ik
YRR T TE B ANRLTE Ak D5 LG T AT Env =
ROR YL S IR BUAR GO R E  Is, A
KON A B T ARM AN AR K rp AR PE B 4TI
Hm W AN, XA TR E Env = BRI P, BLak,
S50 Env =K A G, Env-LNP 5 FHLE
FEAE R AIEIAR (neutralizing antibody, NAb ) Fi) 52
BT E Env =R R BY. BRI, LNP BEN{AF
FE—SEE B o AR I R,
FERN AT E, oAU B LRI PUR R M
PURMRERRR . Ko JORLSE B 88— P 2 55
SO R (DL 1) o A, mRNA-LNP %
BRI (< —20°C) , XPBREI T HAERLRIE
it AN 2 35 ML X AR
4.2 ENRADM KT

A WL A Wy 4 K IORLIE: FH A HLELAAR BT AR
KorFRERTRL, 5 TALGORRL A L, LR S
Wy A UL AT T g 1) SRR B L G ) ] A R
AIRREAR A, AR B T R b A R Y
X HTAILRG WP A L5 1 A Y A2
PR EL TR, TR MK o BT B AL
A W B AR LR T, DA S S LA ™ A v
JE A G O ) B Y, R A LR A ARt b
Iz 0 TR oR BURLE B A o AR R TN
ARGV ARRREY . ARV A

PPS

BEREGY, ENsaE. fln, RIMREWHK
ORGSR A W 9K MR T A A A A
PE, PUORHTE AR B R A D RIRAELER), filtn, 52
RHE. BHEMRNLT AR T . RME R G AR
WKL A AE RIS . AERetE, WRAREREY
YK BORL S RET L oK, AN SR FLIR - SEEIR [poly
(lactic-co-glycolic acid ) , PLGA]. HRFL#iZ ( polylactic
acid, PLA) . LR (polyglycolic acid, PGA )
FZE L, & ( polyethylene glycol , PEG ) 45,
FERMEE—Fh RIRIH B ¥ 205, i # i A B
YEJ 5 Bk DNA SO 61 i i & U B SE & . [\
IF, 7 I L B e SR T LS55 6 F ) R R 7 L
HIAHEAET, e B0 25 24 I 9N R BORE AR STE 1
2 E 2 1T ) R B . 7 RN R IR Y 2R 1 T
B T 2B Y S K e U T REAT B T 21
YORIRLZER2 T FDC 2%, 8 ik 4514 &
oy U9, Zhang 45 P9 WFIE T 52 BB G OK 0B S 1
(IBT RSV BEGLIRICR . IZWF90 R F7C SR A K ORL
A Bl [a] NST HEP0)/NT4E RNA (small interfering
RNA, siRNA) i RSV GKURLAE i, 5 5 A
24, TESEIWE RSV G/ NI . SR IR,
FEESENG ., /NRIRN RSV B B, 17
TIESET R, CD4™ T 4l Bk T 4nf 1T Y
I3k, X ERBISERBEGR R AT 47/ BRAIRE RSV
Y, PLGA J&— e BE ] AR IR I 5 R &)
FITEAR K i BUTC R S BE R AR NFLIR , 22 2 bk
He RSN, AL, PLGA i T 4 5 il W45 Fh B s 22
MR/ HTEAR, FEHI BT RRE O A . Fk, PLGA
2 AU 1 T 47005 5 4 oK DR S22 ¥ A4 BF 42
Dhakal % *" LB H A28 KGR T8 2 HIN2 HiT
Ji KAg ) PLGA GAKORZET, FFAESA rh T oG
THARERME, S5k, ZA R PLGA-KAg %
BRI e AR SR SR LR, SRR
PRXT B FEAR LL , HERh PLGA-KAg J2 i G R R
P I R TTEAE IR . Galloway 45 P AUBFFEIAIER
5 B Al i MU R SR E BT AR L, ke BRI
BEPUR Y PLGA 9K PRI 1 e 4, [R5 L
= S R RN . M2, A LR AWK
WL DR A AR A 80 285 BT R A T i

Prog Pharm Sci Oct. 2022 Vol. 46 No.10 -



. Prog Pharm Sci Oct. 2022 Vol. 46  No. 10

KT b= (WER 1), BUMRE T
RIA TG, Sk T IS gy £ B 7E
TR EE b, 0T LA I I 3 % B 4 SARS-CoV-2,
RSV SRR IR, et —H 0t .
4.3 fRHHTR

Ji§ B¢ AE WKL (virus-like particle, VLP) i 5 J&
iR kA SN R S I AN E ki L ey (A k2
GEMER A, WL R R A, BT FEARSE
o0 M R % v LR RO B 4% R UR R S Y VP,
VLP A LA 55 (0 B b i Ak B BB Ak, T
DL JLRR S B A A, T A SR
WY, VLP RER R T AW B0 28 1 1 £
PRI, TR T U EEE I AT e A AR R Y XU
VLP W] LIZEANT . WFLai i R . R M 5 |
T BE RO 0 240 B v 7= A o 55 L sh ) A e Sk 1Y
VLP AL, S AR R AT AR 4540 7 £ 1Y VLP
FEPH T 5 R )2 (R e E BNV o VLP [T S RRAE
SR/ T RO 5 M RAE, R iAW hR
(TS A5 R A F AR DR R PR 42, XA VP H.
AR erEibE (k1) , nESRIUe™4: 5k
R I WP e e S N . 5 22 Z 5 ((Glaxo Smith
Kline ) 28 Al JF &0 R O R VLP T
1986 AER Ak Bfif5, A VLP % 9 AH 46 F
BRI, BlanEs 22 % g 7 /) i AL LR R
PET Cervarix, ZR3Z ( Merck & Co. Inc ) A ] L5
T2 5 FEPE 1 Recombivax HB FIAFL LN 1525 1
Gardasil, 45, WESRTEN VLP R BAENT L H .
WF5E s, HINI 8 H3N2 Ji8 35 19 VLP S5  al
S [ R RIS VRS SRR S B A R RICR Y, 7
ANEURT S SRARL v i R 5 VILP 8 P 156 [ U5 A 5
TEIR #E BB NS 7= A AT AR IMLEE M ] ( hemagglutination
inhibition, HI) ¥, Geng % P #f % 1 — 4t it
SARS-CoV-2 ) VLP ¥, 7EMURLE T 7R 120 4>
PRI FRAL RN SZ AR ZE G 4589 5 ( receptor binding
domain, RBD) , 5 % i@ RBD ¥ i #H [k, VLP-
RBD % 1 76 /I8 BUAR P57 A 19 R AR 2 3 5
RBD JEHI Y 5 A%, HIXebrfofI 6o i vy il 54k 2 4>
H o XBEZEIRE | VLP 5 24 v 71 W i i
RV-H, (HEFTERT VLP 1 025 2 2 7e /) Uk

PPS

RUPAR R, 78 AR N A5 23 7 A= TRV AR 80R 18 o
A, PR T B — 2 A SE
44 BAREA

HAR A AV 2 RARAFAE R AT B 20 2% )i K
B AR, HTSA N A AU PR G
F 202 R AR kL . L 24
F WAL ZERLL AL, TERA—, etk . R
SRR, T HARF S5 HRRAE . SRR A
FEXT 5 TAEM B AL, B AT LIRSS 2 b 5 2 T
JKFG By A5G, IR E AR )2
BT A F TR AE Y40k B [ 2
PR R RE AR P A 2% 1 ] B JR 7R A [ R g 4t
JRFAL (DLER 1), BRI wT 4 FH i 4 4K 22 o
BRI 2N T . BREE A (ferritin ) SR A AE N
BAGFFRIIRERY A BT, TRV 2 H AV h A Rk
BRI FARENS A 4126 i HLAT X B &5 R4 AN AT ) R 1 BR
RGIKTE . BRI FLAOR IR [ HEF R T4, i 8
A ZRIRHITA R, FOIF = RARPUIEAE 9N K O 2
ARG B, i T H BAT i 2R £k 27
NIRRT, Tz N TR R . fE HIV 9%
HAF &L b, He 45 P2 1 Sliepen % B (Y i 5%
¥R, 5358 Env ZREENHIL, 238 Env =
SRR PR LUK URLIE 1 BRI E SRR NI 57
T Z R R AR, Joyce %5 B R AR AUBF R
SARS-CoV-2 44 K Uk 722 1 L9l Uk W] e 8 7 25 5 i
PRI B . Ak, o 4 B AR B
M (heat shock protein, HSP) . E2 tHH%, 2
YK AT R R A SR AR

BRRIRAFAAER) A R 4, BTitaiit™
AR A A R AR I R R AR )
L FH o AR B 1 A RAORE R LA B G b 2 ol D
FIR i, PR 7E AL 22 i n] DAL R (kA 4l
1k B, H IR R 22 0 PR A0 21 5 0 K S0k A 3 i
SpyCatcher il SpyTagged K A9 & 1 BT, DAL
153-50 4K Pk, JUHIE S #, AWF5EIEY] SARS-
CoV-2 F1 RSV Y 153-50 44 >k ki 3% 1 BE A 2% 5
HRHLAR = A B X R AR A S e ST R,
1t 153-50 f&7R HIV A H A 90K B0k ( Env-153-
SO0NPs ) 19 G JF Pk 15 3530 Env AH Eb g 350458 . Ik

FoFt Aooomion mack miom



i%'?ii&?omﬁloﬂ §46% 4104

41, Env-153-50NPs {EAE AL A= rh AT AT T T
T Env 8K AGKRE0R B R Rl LA, R AhH
BE AR KITURLRE X — AR 7 A R B 5]
Tt 1A PN 4 2 i S AR e g i oK ks, 34T g
P e R G A X L A B BRI
YHRIBORLRE T 153-50 40K WUk 22 1 Y REAE 5 | &AL
P F= A% H B T IR R BT, IR A
M LA X RSV R 25 19 T AL iR s g, H AT fig
2L HIV-1 B RBTiAR O B

R H SR S fb s . A dn b e FAL LR
S F R KT DU Sk T
WA DN RIRE H B2 g e, 2l a0k 451
() —REE P BT IRR SR A L
PRV G UG S TR RE S, Ikdgk ok
WG TIURLE T o F 20 2B BROK BEREAE R — A a3
SR8 Z2 D) e SRR 245 ) B ORT 20 2P A= Ty T ik
A E KRR Y AT AR - P& A4l
e IR BB B R BT s T4 o e SO VR . B
FNRE T —Fh A0 G K, iAo 1+
RAK, AP E A B- P87 51 FH AL
TR R ST AL M2e, T ZIE R —1 100~200
nm 595K (nanorods, NR) , M2e Ffifii
FHFM, 455 B8, M2e-NRs #5056 2 41 i
ARGEH, /BRI B os HsR 2L M2e F Pk
IgG i %,
4.5 FTHLA K Tk

H A 18 2 TCHLA K R 1 T A B
SR, PR TR SR AR AR, 30 T LA KR A
BAEGHTAYRE. Bk, fEETFOHE, Xk
G K SR 380 38 32 e B B A S I R BIL A A
B, BRI BAT AU A HLANE TR A 4K
Hio TETCHLANKIBURL Y, fe i T T B 4 ph i 2 4
20 K WKL ( Au nanoparticle, AuNP ) . AuNP 7R %
Y# Mo 1 DC WAL, IF75 S0 2 40 A 30
WG RI AP SE 2o+, BT LS s 61
AuNP |, DT $ e 20 K SBURL Y A 8 T 1 AT i 8
BROR, AuNP AT 8 N2, P ELERRE S, fil
KSR SUAPUR AR SR AN R T T A S oy Y
SR AuNP W T — A WG| R AT B

PPS

HEMTATFEF S E PRI R, AT EA
o FVEFRZEA BRR 2 AT R R E, HiXn]
RE 2 BN K TR P R AL 27 AR ) R PR ) S
I, AuNP P2 n AT B (R 1) o B
AuNP #b, 94 K ik ( Ag nanoparticle, AgNP )
WY TREW AR % . Pilaquinga %5 * (B9 £,
AgNP 7E35 7T SARS-Cov-2 J5 1 A 2%, H. 78 1
A g2t Ve e/ o
4.6 BEEEARIIT

MW PR A S — 2% T U e A TR AN R e N 219
o AR [ ORI R/ NRDEAR, HiE
BAERTFRGEAE, PR TR T e A R g B 928 1
3R, T ZFE Y. P22 WA —4> 60 nm
) Z A AR AR ST —A~ RS X IRAL A, 58 A DA
F P22 W ATE 5 T — T i 25 PR8 Ff S PRS2 I
4 L0 2R AR BRUR Sk 3R 45 Ay Sl a3 42 1l 32 422 3
P22 WEPE RSN TS b, B o N AT s, AR
Ji H PR8 I B0 I B 0 /IN BRI A T s, e 42
PEVE /N AT RN 100%, T AR LR B /N BRUAE TS
R 50%, ULAh, SXTERAIMILL, ZRnis Sk
B R S M 1gG Btk P4 e T —f5 ™, QB J2
— R EA RSN R R, K2 25 nm. QP
EL VR AL Yo R E (R 1 28 ™, ik, o
YA TR —IEsE, WF9E A Dl B T
BRI ES G , FR T IURTE QB Ak I e
/N HIV-1 BUE R 5. it il 6 S H RS i
&, R R BAE QB Aot E /R 4K HIV-1 $it)i,
AP A T A R AT Y MR AR T4 B ATl
BT RIX SARS-CoV-2, HM R i R A,
PRI TR IR A, TR R ARG B AR BL
TR IR A RGH %, (HAAAAE R 5 A A B AT fig
SURAUAR e OB ES (R 1)
4.7 EBFLIK Tk

B BT B AL 25 S AR A T AR Bl AR
PTG URL T B IO 700 AT B 0 K AR 1
RSF 2R 50~300 nm. BT EAL 22 554 AR 10 2 3
AR, PR DA A5 320 25 0 4K TR 5 /)N
ANESY, AR R IER A R RN, i
Pt LV Ak T I BB M2e BB FE HA

Prog Pharm Sci Oct. 2022 Vol. 46 No.10 -



FI 225 R AR BORL .l T I 28 9 R T g ok
WUk 98 4 PR 4 00, HOA S8 2l i i 45
Hay, DRIMCAE T 3 B K R R, SR R AL
APl e (MR 1) o ZUERIALAR BRI Y
T— MR, TS AE PR E H R — RS 2
ANPURLZE R AR R .l TSR PR TR E
PEA R B E 22 57, R T e A T ok
WURAZ D AME A I R =, 72 A 22 JR AR,

T E I 1 45 2 0K P AN ) )= b
FEN L A S i B RE LI M2e iR AETE
IR AARIORAE A%, ISRl o S R i
FEA R E R T HA AR, 4 T RUZ & R
i S Uk A e P R WD S Uk T RYS S SN
JEE Ml AN TR PR A [RGB VR o /s BROBZ IR S 2
LRGN, XM TN R IURLEE BT LUK 25 A
S R A W e, ELAREBORRRAERE 4 S 1

R 1 BARMKIRLE SRR LR

Table 1 Comparison of advantages and disadvantages of various nanoparticle vaccines

MR TR w3 = E =
T R I mRNA DU H A B e S B ROMIR, e i A A A RS A A, AR
BRAKER T AR, TR Choh. WS A, TR AISRAE Mt R 2K IR b
e e
i ARIEIHE OCh R TR, TRABNOSHIR, -
3 R AT DLR AN 7 SR 8 2 5 M A ORI A e iﬁiﬁﬁﬁﬁﬁ%ﬂmmg‘ﬁﬁ
- SRR, SRR, TR SRR R ARG AR, A R AT A,
. KDL GORBRASHE L, o R s & A 2 HERRLENG, AT B
pgokms TRHERAT, FRBRGARGUR, TRAGL., REEE TOADRBUR AR,
H s I TR (e — 5 B
B 5 B NRTAR, GUKIRAS BT P, BB b
WEAEEAE BRGNS, TR R R R NN B R R
W, (MRS R, it BNAZ, (R Rt
y . e s TR B B R A A DA
5 1%t SARS-CoV-2 MK TR M AIGARRER AP~ EAB GBI RL .

F 2019 4 COVID-19 SR K 24, A5
X} SARS-CoV-2 (144 K UKL 1 (E AR Aok 2
W mRNA-LNP RE . 6 B JURLRE 1 F [ 4125 98
RIORLIE 45 . A BB i Ok A R B B F LS
PESErEs 5. BRATSCC IR 1) BNT162b2 mRNA-LNP
£ T A1, Baden %5 PO B & ) mRNA-1273 3 & 5
BEET, Wi —Fh LNP W . xR ZE T 30
420 BB E, L1 1 BRI EC, 43 e
PEM B RIR . B AR, 2R Wik SARS-
CoV-2 B RHKILT 94.1%, H B R &AL %4
[ #5, Keech %5 "/ fiff &2 ) NVX-CoV2373 J&—Fl
SARS-CoV-2 ] = Rk 41 S & 15 Matrix-M1 {4
TR [ 2 B G K ORERE B o I PRI 45 R R
P LA R, TSR R K 2
TC AN RN sl H R AR GO R RO %% v
ARERLE, FEHS 2 570 5 ng B e, Zik#E

PPS

6 HiESRE
SRR AR, AR AL Qe 2 347 2L 1]
FORE AR s R R EOH T IR A AT B, LROR
R B T BOR B B AN AT B | A R
WAL 2 Ve, XA 16 i T Y
HEE S AR EA T A i kg R ff R X — ] LA {3
TR . AR IBURLEE B N AT 5 R AR RER
AREEHE . ey . Rt RAF . S5 E U
SR s SNIREE F R RE ST, B0 2 T AW
BRep AR Y RE TR ABORL Y 2 TR
AT X RE B S SR R PR AP PETTAA, PR e R AL
PREVE e — iR KT R TG B RE T 215 . AR,
EAORIBURLEE I C s BRI KRS, A —
Segl SN 2. BSOS T AR URLE B BB
ARBR BB A BT T 5e, ), AR oA f

. Prog Pharm Sci Oct. 2022 Vol. 46  No. 10

FoFt Aooomion mack miom



WEE, 5. prnsprEagnnmrEE | 7590

PR BRI T ot — 9T . Ok, SCEGa K Tk
PE T RO Y A 7 R n] 54 . nl E A T A Il BT
ffpR . FRUR,  E AT AT X R R T A A
FHERNFERILG, WL SARS-CoV-2 5 11 3 &
vk, TEECA RN TP AR B R A 5 R,
TR A B ZR B A NINIFLG . P B T &
SRR, AR RSB B, EAh, GRS

Pan J, Cui Z. Self-assembled nanoparticles: exciting platforms for
vaccination[J]. Biotechnol J, 2020, 15(12): €2000087. DOI: 10.1002/
biot.202000087.

Brisse M, Vrba S M, Kirk N, ef al. Emerging concepts and technologies
in vaccine development[J]. Front Immunol, 2020, 11: 583077. DOL:
10.3389/fimmu.2020.583077.

McCracken M K, Kuklis C H, Kannadka C B, ef al. Enhanced dengue
vaccine virus replication and neutralizing antibody responses in immune
primed rhesus macaques[J]. NPJ Vaccines, 2021, 6(1): 77. DOL: 10.1038/
s41541-021-00339-y.

Kheirollahpour M, Mehrabi M, Dounighi N M, et a/. Nanoparticles and
vaccine development[J]. Pharm Nanotechnol, 2020, 8(1): 6-21.

Vu M N, Kelly H G, Kent S J, e al. Current and future nanoparticle
vaccines for COVID-19[J]. EBioMedicine, 2021, 74: 103699. DOI:
10.1016/j.ebiom.2021.103699.

Kurosaki T, Katafuchi Y, Hashizume J, et al. Induction of mucosal
immunity by pulmonary administration of a cell-targeting nanoparticle[J].
Drug Deliv, 2021, 28(1): 1585-1593.

Zhao K, Sun B, Shi C, et al. Intranasal immunization with O-2'-
hydroxypropyl trimethyl ammonium chloride chitosan nanoparticles
loaded with Newcastle disease virus DNA vaccine enhances mucosal
immune response in chickens[J]. J Nanobiotechnology, 2021, 19(1): 240.
DOI: 10.1186/512951-021-00983-5.

Chan Y, Ng S W, Singh S K, ef al. Revolutionizing polymer-based
nanoparticle-linked vaccines for targeting respiratory viruses: a
perspective[J]. Life Sci, 2021, 280: 119744. DOL: 10.1016/j.1fs.2021.
119744.

Lung P, Yang J, Li Q. Nanoparticle formulated vaccines: opportunities
and challenges[J]. Nanoscale, 2020, 12(10): 5746-5763.

Irvine D J, Read B J. Shaping humoral immunity to vaccines through
antigen-displaying nanoparticles[J]. Curr Opin Immunol, 2020, 65: 1-6.
DOI: 10.1016/j.c0.2020.01.007.

Chan Y, Ng S W, Mehta M, ef al. Advanced drug delivery systems
can assist in managing influenza virus infection: a hypothesis[J]. Med
Hypotheses, 2020, 144: 110298. DOL: 10.1016/j.mehy.2020.110298.
Vasou A, Sultanoglu N, Goodbourn S, ef al. Targeting pattern recognition
receptors (PRR) for vaccine adjuvantation: from synthetic PRR agonists
to the potential of defective interfering particles of viruses[J]. Viruses,
2017, 9(7): 186. DOL: 10.3390/v9070186.

%4 A o210 maen 10

RLIE I AT 15 6 2 M B8 A 7 Bt A s 2 RE B 57
2y, B —LE R RO E SR — Ik .
Jr R T s f S AR IR, TR AR
SR HEGEAT, XMW A A R AR
SRMIBEFR R A BE2 XL B A BT
ARIIURLRE YR XA e MR R I AT B, MM
TEAABHIHEAR , RERG I i LAt 2 N ISR A At e

Brouwer P J M, Antanasijevic A, Berndsen Z, et al. Enhancing and
shaping the immunogenicity of native-like HIV-1 envelope trimers with a
two-component protein nanoparticle[J]. Nat Commun, 2019, 10(1): 4272.
DOL: 10.1038/s41467-019-12080-1.

Marcandalli J, Fiala B, Ols S, et al. Induction of potent neutralizing
antibody responses by a designed protein nanoparticle vaccine for
respiratory syncytial virus[J]. Cell, 2019, 176(6): 1420-1431. el7.
Kanekiyo M, Joyce M G, Gillespie R A, et al. Mosaic nanoparticle
display of diverse influenza virus hemagglutinins elicits broad B cell
responses[J]. Nat Immunol, 2019, 20(3): 362-372.

Tokatlian T, Read B J, Jones C A, ef al. Innate immune recognition of
glycans targets HIV nanoparticle immunogens to germinal centers[J].
Science, 2019, 363(6427): 649-654.

Zhang Y N, Lazarovits J, Poon W, et al. Nanoparticle size influences
antigen retention and presentation in lymph node follicles for humoral
immunity[J]. Nano Lett, 2019, 19(10): 7226-7235.

Herrera M, Kim J, Eygeris Y, ef al. llluminating endosomal escape of
polymorphic lipid nanoparticles that boost mRNA delivery[J]. Biomater
Sci, 2021, 9(12): 4289-4300.

Huang J, Yuen D, Mintern J D, et al. Opportunities for innovation:
building on the success of lipid nanoparticle vaccines[J]. Curr Opin
Colloid Interface Sci, 2021, 55: 101468. DOL: 10.1016/j.cocis.2021.
101468.

Baden L R, El Sahly H M, Essink B, ez al. Efficacy and safety of the
mRNA-1273 SARS-CoV-2 vaccine[J]. N Engl J Med, 2021, 384(5):
403-416.

Dagan N, Barda N, Kepten E, ef al. BNT162b2 mRNA Covid-19
vaccine in a nationwide mass vaccination setting[J]. N Engl J Med, 2021,
384(15): 1412-1423.

Tenforde M W, Olson S M, Self W H, et al. Effectiveness of Pfizer-
bioNTech and moderna vaccines against COVID-19 among hospitalized
adults aged = 65 years - United States, January-March 2021[J]. Morb
Mortal Wkly Rep, 2021, 70(18): 674-679.

Doria-Rose N, Suthar M S, Makowski M, ef al. Antibody persistence
through 6 months after the second dose of mRNA-1273 vaccine for
Covid-19[J]. N Engl J Med, 2021, 384(23): 2259-2261.

Tokatlian T, Kulp D W, Mutafyan A A, et al. Enhancing humoral
responses against HIV envelope trimers via nanoparticle delivery with
stabilized synthetic liposomes[J]. Sci Rep, 2018, 8(1): 16527. DOLI:

Prog Pharm Sci  Oct. 2022  Vol. 46

No. 10



10.1038/s41598-018-34853-2.

of a stabilized HIV-1 envelope trimer based on a group-M consensus

[25] Jin Z, Gao S, Cui X, et al. Adjuvants and delivery systems based on sequence[J]. Nat Commun, 2019, 10(1): 2355. DOL: 10.1038/s41467-
polymeric nanoparticles for mucosal vaccines[J]. Int J Pharm, 2019, 572: 019-10262-5.

118731. DOL: 10.1016/j.ijpharm.2019.118731. [38] Klasse P J, Ketas T J, Cottrell C A, et al. Epitopes for neutralizing

[26]  Zhang W, Yang H, Kong X, ez al. Inhibition of respiratory syncytial virus antibodies induced by HIV-1 envelope glycoprotein BG505 SOSIP
infection with intranasal siRNA nanoparticles targeting the viral NS/ trimers in rabbits and macaques[J]. PLoS Pathog, 2018, 14(2): e1006913.
gene[J]. Nat Med, 2005, 11(1): 56-62. DOI: 10.1371/journal.ppat.1006913.

[27] Dhakal S, Hiremath J, Bondra K, et al. Biodegradable nanoparticle [39] Dong H. Editorial to the special issue-"recent advances in self-
delivery of inactivated swine influenza virus vaccine provides assembled peptides"[J]. Molecules, 2019, 24(17): 3089. DOL: 10.3390/
heterologous cell-mediated immune response in pigs[J]. J Control molecules24173089.

Release, 2017, 247: 194-205. DOL: 10.1016/j.jconrel.2016.12.039. [40]  Zottig X, Al-Halifa S, C6té-Cyr M, et al. Self-assembled peptide nanorod

[28]  Galloway A L, Murphy A, DeSimone J M, et al. Development of a vaccine confers protection against influenza A virus[J]. Biomaterials,
nanoparticle-based influenza vaccine using the PRINT technology[J]. 2021, 269: 120672. DOL: 10.1016/j.biomaterials.2021.120672.
Nanomedicine, 2013, 9(4): 523-531. [41]  Marques Neto L M, Kipnis A, Junqueira-Kipnis A P. Role of metallic

[29]  QuanF S, Basak S, Chu K B, et al. Progress in the development of virus- nanoparticles in vaccinology: implications for infectious disease
like particle vaccines against respiratory viruses[J]. Expert Rev Vaccines, vaccine development[J]. Front Immunol, 2017, 8: 239. DOIL: 10.3389/
2020, 19(1): 11-24. fimmu.2017.00239.

[30]  Geng Q, Tai W, Baxter V K, et al. Novel virus-like nanoparticle vaccine [42] Pilaquinga F, Morey J, Torres M, et al. Silver nanoparticles as a
effectively protects animal model from SARS-CoV-2 infection[J]. PLoS potential treatment against SARS-CoV-2: a review[J]. Wiley Interdiscip
Pathog, 2021, 17(9): €1009897. DOL: 10.1371/journal.ppat.1009897. Rev Nanomed Nanobiotechnol, 2021, 13(5): e1707. DOI: 10.1002/

[31] Nguyen Q D, Kikuchi K, Maity B, et al. The versatile manipulations of wnan.1707.
self-assembled proteins in vaccine design[J]. Int J Mol Sci, 2021, 22(4): [43]  Sharma J, Shepardson K, Johns L L, ef al. A self-adjuvanted, modular,
1934. DOL: 10.3390/ijms22041934. antigenic VLP for rapid response to influenza virus variability[J]. ACS

[32] He L, Kumar S, Allen J D, et al. HIV-1 vaccine design through Appl Mater Interfaces, 2020, 12(16): 18211-18224.
minimizing envelope metastability[J]. Sci Adv, 2018, 4(11): eaau6769. [44] Hess K L, Jewell C M. Phage display as a tool for vaccine and
DOI: 10.1126/sciadv.aau6769. immunotherapy development[J]. Bioeng Transl Med, 2020, 5(1): e10142.

[33]  Sliepen K, Ozorowski G, Burger J A, et al. Presenting native-like DOI: 10.1002/btm2.10142.

HIV-1 envelope trimers on ferritin nanoparticles improves their [45]  Purwar M, Pokorski J K, Singh P, et al. Design, display and
immunogenicity[J]. Retrovirology, 2015, 12: 82. DOL: 10.1186/s12977- immunogenicity of HIV1 gpl120 fragment immunogens on virus-like
015-0210-4. particles[J]. Vaccine, 2018, 36(42): 6345-6353.

[34] Joyce M G, King H A D, Naouar I E, et al. Efficacy of a broadly [46]  Deng L, Mohan T, Chang T Z, et al. Double-layered protein nanoparticles
neutralizing SARS-CoV-2 ferritin nanoparticle vaccine in nonhuman induce broad protection against divergent influenza A viruses[J]. Nat
primates[J]. bioRxiv, 2021: 436523. DOIL: 10.1101/2021.03.24. 436523. Commun, 2018, 9(1): 359. DOIL: 10.1038/s41467-017-02725-4.

[35] Brouwer P J M, Sanders R W. Presentation of HIV-1 envelope [47]  Keech C, Albert G, Cho I, ef al. Phase 1-2 trial of a SARS-CoV-2
glycoprotein trimers on diverse nanoparticle platforms[J]. Curr Opin HIV recombinant spike protein nanoparticle vaccine[J]. N Engl J Med, 2020,
AIDS, 2019, 14(4): 302-308. 383(24): 2320-2332.

[36]  Walls A C, Fiala B, Schéfer A, et al. Elicitation of potent neutralizing [48] LuW, Zhao Z Z, Huang Y W, et al. Review: a systematic review of virus-

antibody responses by designed protein nanoparticle vaccines for SARS-
CoV-2[J]. Cell, 2020, 183(5): 1367-1382. el7.
Sliepen K, Han B W, Bontjer I, ef al. Structure and immunogenicity

like particles of coronavirus: assembly, generation, chimerism and their
application in basic research and in the clinic[J]. fnt J Biol Macromol, 2022,
200: 487-497. DOL: 10.1016/j.ijbiomac. 2022.01.108.

[ ZRE | SFER : PERFEREDIFTIRA, WAESIm. KIS0 T REMEER S T
PUE, 22T AR ST . TR (HINL. HINO) | REH6§E (EBOV) | HARMRZEAIE

TR % MERS-CoV ) NFRTEIREE: (SARV-CoV-2) ARHLHIZEHIFT T HEUS 7 2V, Thitfs
B TR AT R B rE . F (P BAE) T Cell, PNAS FEININEARIATIL FIEXZR, HFRie
RIS [ 12 000 4x¢%, H-index 50, FHFRHS “ERE QAL FIEARIFREZE ‘Eﬂﬁﬁiﬂiﬂ”
EHLIRMAIHE . 2021 F AERIEMEZ (Clarivate) £2ER “E#5 1R1¥#57 | EBEIkEEE “@IRTRH]
\ 10 TRIEEFHER” BEH

BT

Oct. 2022 Vol 46 No. 10 PPS

FoFt Aooomion mack miom

. Prog Pharm Sci





