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Abstract: With the continuous development of messenger RNA (mRNA) technology,
mRNA-based drugs have shown broad application prospects in recent years. Since mRNA is
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easy to be degraded and difficult to enter cells directly, the mRNA delivery vectors have always
been one of the focuses in the development of mRNA-based drugs. Although lipid nanoparticles
(LNPs) have been widely used for the delivery of mRNA, they tend to accumulate in the liver,
and repeated administration can easily induce inflammatory response which leads to tissue
damage. Compared with LNPs, virus-like particles (VLPs) have the advantages of high
biocompatibility and safety, being expected to offer new solutions for mRNA delivery. Based
on the practical application requirements, this review summarized the research progress in VLPs
according to the mRNA delivery steps: particle assembly, delivery into cells, and intracellular
release. We hope to provide a basis and design ideas for the development of new VLPs as
delivery vectors, promote the application of VLPs in mRNA delivery, and provide new

possibilities for the research and application of mRNA-based therapeutics.
Keywords: mRNA; delivery vectors; virus-like particles; mRNA drugs

{55 {#i B B A% R (messenger RNA, mRNA)Zj
YIAE TR AR T VT 2 METR M BGE AL P B A
AT R mRNA 5 FA 5 25 4 45 5
mRNA $3 AR E ) W T s 1 22 Pk ol 2
mRNA Y —F A W) K 53+ Joik: B 4% 58 4 i
R B A, [l mRNA WS 777E 5 1 Ak
], B, mRNA 254 FIE v i W58 RN
FAAR T3 3% 2 AR 19 & ' . mRNA 3335 AT
WLV LR R, B, AMATTENLIAL R
Wl R E A E, AR mRNA 4252 RNA
WA s Z )5, AR P 5 mRNA #F AR 40 ;
AMLE AR mRNA #2157 (5 & D168 .
NI 5 49 K k7 (lipid nanoparticles, LNP)J& H Hij
B BT mRNA IR AR, B E AR W) 76
FIESRAETT | L S BH E A o 24 VRT PN 4R ik i 3k
FAREF MR, AR DL BRI, AR Im Bl 1
TR Z 8 R % 2 A, SR B TE ) 2 B e s 16 2K
B = o N AR = 2 e N RIS = o
Hodr, R FE UKL (virus-like particles, VLP)A
mRNA R F2 it 7 AT RETE . VLP HH A 5
ML, ROF¥— . mlgkadthsm, #4> VLP ff &
TR R R A BE T, DK VLP Al fig
B4 s EL L TG AL A A = i ik 3R AL
AL F LR VLP /E28 mRNA 36 3% # AR i
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FEE AL W &5 7 T P E oS b R E AT 25k, DA
A mRNA $R & AL ] .

1 VLP-mRNA B4 3%

Jii 53 A 5¢ & H (coat protein, CP)55 mRNA
2H %5 i A0 35 mRNA ) VLP(VLP-mRNA )2 5271
mRNA B EZE LR 1), ARYEEE CP Y5
mRNA WA E S BAEE2ZER, L
VLP-mRNA BN T K, 7EBTH AL 2 26
FER, 5B A B AR L R Ok Y
£ BT RE 7 T R BURLLE AR B T A AR E 1k
1.1 AEFN

VLP-mRNA [ 2H 2% J7 UM 4ff 20 56 i 1 5= 2
538 mRNA [Pl EREAE mRNA J7 5145
PEIX 2 Fho HiE TSN CP @ UM s &
mRNA WFREFPEF IR shal e, Ja& —MsE
FHEMYS mRNA WFHER G shd%e, R
mRNA HARESFPE P FI0 i e 52 e g 1 72
o, RIEA AR, VLP-mRNA A4 3
T AT LAy M e R AP 2 %6 . T 2
BRSNS VLP-mRNA, P84
HELG . ROFHERE 605 4 Jr ik alifb R0 5
FAEH B HT L5 0 A4k 3 1 mRNA, RJ57E
T ISR TR 21 2 B VLP-mRNAT,
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Figure I The schematic diagram of the function of VLP as mRNA delivery vectors.

mRNA J7 5 R5 5 415 AR 7 90 4 S5k
20 2 A A0 3 A T 1 R S P R 2 2 PR 1 3
A —ERH . T CP 5 mRNA B4
HRIETHEAEA, TGHERIEXTH mRNA )5
R E M M2 T, RIS AR
ZEIRZEFY mRNA (1) CP U] JE BH H o v ) f
Sk, an MS2sl, QB CP., 7EHE mRNA [+ 51
A9 9E &7 X (untranslated region, UTR)%SII— B¢
RSP ZEFREE K, BTS2 MS2 5 QB CP 153l
mRNA RS2 A1), (1 QB VLP Hay £ %
T RNAL BRI BT 3 A% R I T H
AFERPE, mRNA JP5 RSP A 4125 7T AFEAN ]
B SERL . MS2 VLP A] DL J5A% | R A
FLAh AN Sk RGeS VLP-mRNA 19 iid
20519200 il MS2 CP LA 78 i S 31
mRNA W), HRIE &8 T MS2 CP
TERIANIREE S siRNA 4136 % VLP, FF328l T
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R R

I mRNA J37 9147 5 19 21 26 To i PR UE VLP
WEAZIR RS, I R BRTE AN RS AT
#%¢. VLP-mRNA AN B AEC : 1L
S RARASE R CP Ml mRNA, 38 i 35 418
RS (F LA pH H . &8 2+ . mRNA
5 CP A1 mRNA K JF), SZEL CP X} mRNA
PEEP, BErC A %5 CP Al LIfEMISNS
mRNA 2%, FEAMEN TR EHERLSA
RNA i i 52 1%, 40 4l B 48 it 95 BF (tobacco
mosaic virus, TMV) CP@ | Z JF 9% B & O
(hepatitis B virus core, HBc)Z& 4 SR 117 3439
BEMY CP, UNTL S RS- BE I 55 (cowpea chlorotic
mottle virus, CCMV)23! | 48 52 7% -5 5 (brome
mosaic virus, BMV)29% A T4 LAY VLP 75 4=
AT AR S, fedl el Fe vp i S 8kt
CP 472 B IR s SR W AE (R e i 1100,
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AU AT TR T 250 VLP-mRNA Jifg
W R TSN 2 1 T A, 255 A TR B4 HT
B TAE, ASCANBTHRINY X 2 A5 XS A
20 2 R 120 2B 5k 2 o)y kA 7 A5 F0 L (R
1o FEBRBCRTH, WA VLP A —2
FT281 LA 25 U 2L 30 4 A R R A T
4% ; AR VLP SR R R A,
I3 36 BCR A IR FHE AR B 2 oy, W T £
MBI 5, AR 2R,
D] 1M P 2 2 S B 5 0 5 3 226 0036 T R 0 e
B fERMEHE, MNARAEAREIERS
PERAE AL ek, M2 T, MShd
BERE AL LI AT P Yy LSBT mRNA £
RPN AERAR T, ML AR
SR A T R 7L 3 0 200 i 3R 3k R S 1 R
MU 2R CP R DL #5681 5 R ik
KA, P A" A W % A 5 TH

%1 VLP-mRNA faH%H% 5 A 2RI LE 3R
Table 1

A EERSE . BRREL, ASiesk ARy 4
%e, fif VLP 204 W] HAT S R AR Tl 5 2 4
PEAT & BRI 255 17 ), A8 S BRAE 5T A
M, W E T LRI LR RS %
JE e PRI R AL =
1.2 SN

F B RE ST 25 M VLP 304 1% Mk E Y 5%
N2> —, {35 mRNA R Ma KR,
VLP MR ) LB T AW VLP ayfkf,
{HAAE A VLP ] G2 A R ik 1 R A sl 47
TIEM R, HAARRMaEEET .

XTFAERS VLP M5, AT LA a8 5 41 2
SRS EERE S . —m, AR
TR 25 11 U9 D % 3 R 4 mRINA K 3 1] A oy 4 25
SRS, H—J i, R TR E N
A ASRAS B IE O 45 F . X F mRNA 5 CP i LL
B, TMV VLP W] IR 5 A AU 25 i 2 R 4

Comparison of intracellular and extracellular assembly of VLP-mRNA

1271

Comparative  Details Intracellular assembly Extracellular assembly References
aspects
Assembly Binding mode of protein  Specific binding based on mRNA Specific binding based on [11]
conditions and mRNA sequence mRNA sequence or
non-specific binding based on
electrostatic interaction
Assembly environment Appropriate expression systems  Appropriate assembly solution [13,15,19]
(Escherichia coli, Pichia (suitable pH value, metal ions,
pastoris, mammalian cells, etc.)  etc.)
mRNA length Up to 4 500 nt Up to 13 000 nt [20,23]
Protein and mRNA ratio  Difficult to control; the particles’ Easy to control; the particles [30]
uniformity is poor uniformity is great
Application Production cost The process is relatively simple, The process is relatively [19-20]
but the costs of some expression complex, but the costs of
systems (such as mammalian expression systems (generally
cells) are more expensive realized through prokaryotic or
yeast expression systems) are
cheaper
Delivery efficiency High Low, requires additional [27-28]
modifications
Safety The risk of encapsulating The risk of encapsulating [29]

non-specific nucleic acids and
host proteins is high

non-specific nucleic acids and
host proteins is low; high
safety
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RNA il CP Hu 47 2 %1% ; Cadena-Nava 0
W5 K BL CCMV CP 5 mRNA A4 e fE 41 %% i &
Feoh 6:1. XFF mRNA BB, Smith SE2 1588
TMV CP fil mRNA 4250}, v 403 A9 mRNA #x
K A3k 13 600 nt, HIE Hi#Y VLP-mRNA A] LL5E
M mRNA W A#E, ik, TMV VLP 4%
0T & YL 9% % B mRNA F1 B £ # mRNA
(9 000-12 000 nt)* gttt AL Z T, B4 CCMV
WEERL T B A2 3 000 nt RNA, it CCMV
VLP [##5:3E mRNA 3K ETE 3 200 nt 24512,
it 4 500 nt BRI ICIAN 32 RNasePl, 4k, A
Z29% IC 5 £(John Cunningham virus, JCV)AIR 25
#HH 1 (viral protein 1, VP1)A] I F{12€ siRNA
IR, REHHE JCV VLP AR
mRNA f{f%%, (HIEETF JCV VP11 N sk
SESRIRANT] F 4150 VLP RS, HAT S
T mRNA PELEFSIE

XFF R —F VLP, ANFFERG AW
VLP-mRNA {3 88 71 vl fEA 6] o 57 mRNA {5
A 1R EE M, IR %R IR MS2 VLP
ALY mRNA KM T BEAZRIKM MS2
VLP!™I, jb4h, e L Wik &4, MS2 CP
A DIE ] 80 Sk mRNA 5885 H, 5
MR RE LA B T, A0 2 S0 9% BB A B (human
immunodeficiency virus, HIV) Gag &5 [l & %
KA 2 AL IERE VLP, 523 4 000 nt mRNA
PP, Xt e TR VLP
£ mRNA 4, Horns 2P = (R fi gk
BT Gag EEPAGAER - E RNA MEHE
GG R, B GagZip-MS2CP, #E—45
THHNAE%ER VLP 1 mRNA B4Rt 5
— 7T, X mRNA R E 75T Akt
DA S ERE ST o E R E R IE R MS2
VLP H it df 1 200 nt A LA G5 mRNA,
B2 mRNA & 2 8 3 ANERE RN,
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MS2 VLP A LIf#f 1 900 nt F1 3 000 nt [
RNAPSI - Hehh b 288 854 77 5 A LAk ]
PLKF mRNA Fll MS2 CP ()3 A 1 $2E 10-50 £%,
[ B 42 5 mRNA 94 85 e A d 3 RO
1.3 REM

VLP-mRNA ZEAHEHTREHE LA
RNA i 37 M2 HAE N mRNA 336 56 25 {4 1 3
AR, BARIRASY VLP-mRNA A B 75 A J0 45
T EA R e MS2 VLP, TMV
VLP %), {Hiff —# 4> VLP-mRNA 752X} 8
TR s s AL 4L 3% 451, A RE IR 3 A B
KT R EN . MHETFRNAS, Mibdde
A DA ) 221 S S R A A ),
B b B T IURE A FRE . CCMV CP S i
pH %15 mRNA #Hfrdide, dE—Hrembk
A NIE 32 RNA BERYFRE VLP-mRNA,
{2 CCMV VLP 7 H 1 pH (B2 AT — 4
J& B TAEAERE, T Glu81 F1 Aspl53 Hy¥RELAH
HHERR, BOR G4 RR IE TS M %8 RNA
Bt 32 P, V2RI EE CP I I ARl [A)
B, X AT RE S AR B 0 AR AR R A O, B
TN BRI B BN ISR )G, pH E A E K
A SRR T A — A A S, A R AR b2
RNA B E 18 E MR A FEREES . — i,
PSR, INAE LR R I Mg
A L4ERF CCMV VLP el 5—m,
i CP MEAT s o nT LA & VLP iy e i,
Fox SR B, # CCMV CP £ 42 (iR ss %
JPREERIE ) VLP (K42R)A] LA7E pH 7.5 Fi
1 mol/L NaCl iy Z51F T 4 rfa e o (H AR B4 78
WFEh &, R4 K42R S R1EAE AT
LR TE A AE , (HIHAS HLAS RNA g 22 14
(RATFRZZ), DK AT G5 00K 285 #4488 R P B
A, THE— 25 W G5 o3 B R X 1k Y 2 R R
Ui T RE SR R DI — (R B ik BBk, I
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J8i Ma )i (paraneoplastic Ma antigen, PNMA)Z
Wi i) PNMA2 FILATEMEAM S5 mRNA 1%
VLP-mRNA, {H ik J& RNA it 52 ¥ . Madigan
B CCMV CP B N i 30 ok 6B e
PNMA2 1 C s o3 XA, FFilik 45 Fh 2 e 4%
%, RIBGE SR PNMA2 7E£ 0.5 mol/L NaCl
1 10 mmol/L CaCly #9454 ] DASE B A 4L
£ FIE S mRNA %52 RNA B A7

B RAR M E SN, AN TR IR
FEE /RS mRNA A3 VLP Wi )s, JFH
XN T VLP HA Rt ae s ffae vk,
JEVETER mRNA 3B %K. Butterfield 24113
TR RTINS E A A, TR T
H /03 B 509 mRNA JER4 , I HE R
R 2 JUARE M L fe 35 st T ok
FE IR ) e ME AR IR PR BT ), A RS
mRNA i NI I% .

2 VLP-mRNA # 3§l % #F 5%

VLP-mRNA RNYZEALZE mRNA FEAE
AR, B Bl e A1) 1 4 i e 5 A 5
R, 0% 2 RO A AR A0 AR s P
2.1 VLP-mRNA \Ba#l#I#F33

#B4> VLP-mRNA H 5 7] DL i) Bl 8%
WEMEHS T AN, FF7EMRBI mRNA,
A —#K45> VLP-mRNA H B AJEAIA /N
IR SCR ARG, T B TR .

2.1.1 VLP BESHMHNTSAN

TR B VILP A9 2 45 #4211 78 HOIR R
Y A A i JURE Hh A & ¥ 2 T B BE A M R4
H, E2EXRE AL g —ERm, X
25 VLP 83835 1 ¥0 MR 2% - B —E L
B, XK AR R TR .
Ah, INFF /N R — BRI LNP 4545 2558 3%
AR EE RN R, WHFE VLP 7] LIE

Z&: 010-64807509

bR G  E AR AL, TCR AN
HEIR , AEIR KRR T AT B LR,

H AL IEAE VLP K2R K 1 IR 4 ik
FEMEZE [ (vesicular stomatitis virus glycoprotein,
VSV-G/WE NGRS, Hig S pRm 217
TE BB 2H 53 T AN & — e e M 0 4 i <R 52
TRARSS A, 7T AR B VLP R AR [R]85 (1 41 ffd .
Lu SR 05 8 CP 454 mRNA ZEIR45 04 i 54
SR aE R &, M T R g e B
A W) 4 K §i KT (lentivirus-like  bionanoparticle,
LVLP), FJH MS2 CP 454 mRNA, VSV-G 4
F VLP AMi, MIMi%i% & EHAIKE Cas9
(Staphylococcus aureus Cas9, SaCas9) mRNA,
TEA LK S0 87% M FERL R R bR A . it
SEH KA BT A — 245 LVLP H MS2
CP (%, bR HoAR, Mgt rRE
HATEA B EF R ENEYT B4 ; iz kT LA
SEP R K PR R PEEEBR B Cas9 (Streptococcus
pyogenes Cas9, SpCas9) mRNA Fl sgRNA fi#j 1t
3K, TEAS PN (LD JEE T J )3 S, 38 A et
SR AT IR 44%9) ) JLFZ 5 i — 2O T
I 75 U A 5% YR 1 CRISPR 0 75 5L K 4
B2 BD111 © &A1) I R g 45 R 1,
H i —25 Byl PR 38 O AR5 B K 24 i B
EHEmAGMmHFIFP LT (ZHES .
CXSL2300079). ik L6 25 5L KB, VLP /E 5 mRNA
198 R AARTE S 28 A i AU R TR i A R
MBS . BR VSV-G 4F, Segel ZEMWIIEF AWK
1WA SR R AT AE 2R T PEGLO 5y T —Fh g 4
WAL ALERE VLP H1T mRNA #3% , 1% VLP
KA IR G 2 F MmSYMA AL VSV-G,
AR AT LSE L VLP-mRNA Y5 2 AL . Leclerc
EWOI\ R VLP A Ry 3R g 8 T 5L (9 (A P 8 2%
AR, 5 B R A I A R A S, T
PEG10 VLP X558 4 NI R R0RL, A7 B2 5k 4
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X— [ & 4. IbAh, Banskota SEMIREET
— B TR TC DNA J5 8 AR 0, HomT DI R
% Cas9 BWEAZEM, SCHShPAR P B 5L g
B, HA&Z, % VLP 2HEE N H T mRNA 1
% 5 AR LGS, A R — Y.
2.1.2 SMERITETREN VLP ABf

XFF I MM BB 25 R S ALY
VLP, 0] DL I 5] AAS A ) SR8 o4k SE BA
Jil o AMERITA T I B SR 32 A 45 b2 R B RN
ARG ZRIE. VLP R IR I
o2 IR L Re kA . b, M 2R i T B8 2L
B 5 N-FR R g S0 ke S5 B
B, CCMV Fl MS2 VLP HE#Sw] LLE 3% 07
2 DA T 1 0k g Y X i S B ) 1) O o 2
JORC A K 2 ke 2 1 245400 e Ah, TR SRR A TG
PEBY LI T DL S EEE 7RI, HET TMV I
QB VLP Fifial L i 1% Jr s B £ 1 3 %
Wit Z KPS BR T A I, ST 5] AW
AR IC A5 995 5 45 A0 2R 1 Rl G 2R 0K 5 PR AR AR
VLP 2 —Ffe F 0 o SR s, A 2RIk oy
KALHE N sl & . C uifh A A ad A . e
farfp oy X R 2AkE 2 A — D, A E—
WEr T VLP RIA S5 3, ks i S8 oo 14
KIETIRE. MS2 CP [#% 15 1 16 fii . HBc 1Y
55 80 FN 81 1 2 FERR R T4 A Y VLP K1,
ATATEENTZ R A Z K, A [ AN oo 14
5] AB2S31 CcCMV CP 1Y C S ##& T VLP %
Y, ik CCMV VLP AR DL C ugb
H RGNS IO, — i, AERE
JFRIE TS mRNA AT AZ R0, TMV
CP Yy N IJLFEM N K L WAL B &R T
VLP (4358 E o mEAEH, KHIL N i@l &
AREARER T TMV VLP ®dE, HET TMV
VLP A LU 76 TMV CP #E47 C S a iy 7 =X
LA Rl Z B,

http://journals.im.ac.cn/cjben

FEVERRINTE TR, bR T % &5 VLP
AR, SIFIR R VLP (15 A YA 2
PEARSZ 0 o 40 28 R ROR: — 2 gl Ko+
Wy Jo 4 N A4 L35 B AT P /N T 3k 3 1
BK, 7 VLP thg| A4 g Rk ] LR & VLP
3 R RO . RKIGF R R IKE) MS2 VLP H & TG
BN, HRLG RIAAMZE AR TAT J5 0 A] L
HS B R SR A S i 7E TMV VLP 5] A TAT
R BCR A LIRS A 3 50T, AN,
siRNA f§ CCMV VLP F{EIE M- & E ik
L17E (—Fh AL ZE EEAK) , AH EL AR (R ER B VLP,
FEA MR AR 1 1 AR i o 1 24 2 45
2.2 VLP-mRNA # @& HEIR

R A A A8 ) s 6 1T DL SR AT b B AR 2, i
AL P ) A =Ry T et E . 52
B VLP-mRNA (15 ) 336 36 7 2 4 v R i 2
SRR 1) M IR A K I VR AIG FRIS E] AT VILP
BRI AT i o (o FLAE SE B mRNA (1) R 47
B 1) 32 3% TR LA BRI

s 1 A B Y o R P nT BB LA R[] 1 41 4L
PE, XS e E BV, B
BBk 2 LR B VP A fE H B st B R e 4l
SIS E A, AR B D mRNA )
3% B 1R) 8, JCV 5 AR LR I A 7e A O
Comas-Garcia Z5'2HL i JCV VP1 ) KSR F i
Al RE A LA JCV VLP $E [m e 4, A AN
JHEE#E ] ) mRNA 3£ 84K, HAET JCV VLP
EL L 1] K AR 8% siRNAPY ) i Z /0 A
g A0 3 i LR 25 30 TR A,
R % 7% (hepatitis E virus, HEV)) ORF2 #HH
(protein ORF2, pORF2)FiJ¥ i) VLP AJ L) i
FERE B R SRR 2 IR EE A BRI, A
A —Fh B 2H 2R ) P Y mRNA 33 2% 2% {4 . Panda
G103 57 pORF2-VLP ff mRNA, A LIS
A 1) S R 40 5 B aef o, o LAt She %) 40 i )
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Tk . M TR VLP I w, £ Xl
[0 ek AT LA VP AR [ P . Yin ZE0%}
18 L R R T E TG, B VSV-G,
3 3 TR AR S R 40 B 2% 1T A 1 953 T VP XA
2 IR A L %) R S A

RSN CA B VLP A —FE, VLP )
L fi 3 6 P R AT U i AN OGRS L, S5IAK)
TR () A R0 326 6 BT TR . A ) O — 2R A
s 24 Wy R0 1) S AN I B A L S, SR )
IS5 B VLP A [ 5 40 i sl 2 25 36 12 4 . 3
38 o) JOR AR ] Y FEL T, T RGD JRUO2TAT D)
ARl 414H, Choi Z50530% —Fh RGD ikt
4% HBc VLP, HHAE RGD fKIH) VLP, %
VLP 7R3 20 135 3% siRNA B FE AL PR B AR
FIRTE 9 AF DA Lo AR ) KA 1) 1) e
BN, G40 SPo4 F= BHE 1) TR AN, (B Ik
TE MS2 VLP b A DURE S 8 1% 22 A HH8s 2
JiL, X VP X A9 20 G 55 R0 B OE I
A 10*f5020, BeAh, M4 VLP 724
PRI H 3 A v B AR A0 i LA R T RE 1Y 4
Tl RB G AN IO ) —FiE i . —Fh
N KM KIRAAAE R0 5 575 8 CP RS Arc
BB 1] L4 2% AR ) ik 41 21 VLP-mRNA, Gu
LSV BN Are B 7 4 4256 B VLP A
i, FTLASESE AN 7, TR —Fh &
A9 B AR UL 20 B AP, B mRNA )36
5 2 2 S RE ST B A 48T

VLP Fifi A FRET , IR0k 3R 1H 23 T 1
I 2% A VAL R R 2R e, X AT AR BUBURL B S
RATE R G VR AR I P AT B, DA R AIG
T VLP fyish ik R e . so X — Pk
— R ERITFERRE LS, AER
VLP-mRNA #3245 E R A sk #5510, 5 —Fh
J5 AR VLP R 51 ASNRICHE, KPS i
WS> (A B AR R, AT Bk e JUR g T B .

Z&: 010-64807509

t, B Z ¥ (polyethylene glycol, PEG)J& 25 ¥
16 3% U N B )T R CBRIE R A Y, 1
VLP £ i 5] A PEG J& %K Iy 4G PR 8] Y R 4
H W Bao F ML FIIR M PEG REWHIA VLP
K, ZIEHRGESA NG, BORLH MG PR
B fH 4 h #EK % 48 h, Jf H B3 mAEfR e
b Can g 2 ZURN S TT R AL 21 B S DR B R R

3 VLP-mRNA H ABBHL & 5%

mRNA M VLP-mRNA Bl 5 40 o i 2 52
B mRNA i35 i 2% . H Ry m it
FBLRIAF TR A b, H B A TR 3 7 M P A 52
R L A A% R 1) 5 2 AT LR 2 75 VLP-mRNA
LN RS mRNA BIRCRE S M8 A MLy
XA AR, VLP-mRNA 7E ¥E A 40 M 5 B ik
mRNA (15 Ol =550 2 i, i 5 R VLP
L A AR, AN R 2
Sese AL, RIS CP U2 mRNA H
NGB . IRAL RS B VP 76 M5 PN i A 52 1Y)
PLIE A Fr it — B E9E, X T RE S —LE i i Iy
FIEFCAN HIV AR SE AT RE SR R A 7 )M
KO LVLP {8 T8 £ HIV-1 W45ty , it
TEME N A ST, REASAR BT LR #Ek+—FE
R T B A 0 1 mRNA 35636 3% L HAh,
TR VLP — G WA EF AR, K5 i
AN A R K £ A RERS S
SR A /NI S5 R L A0 I B 1Y) I #5E
% (hemagglutinin, HA)7E N A¥/NMEIR R LS
W A SEE U, BT RS BhE AR IR NI
HME, [ G 4 R Al e A= AR AA DT 06 25 7Y
F/NAIEBEROZIR . SR, JTCERE VLP [N
/N R R ALE] A A, 56T mRNA BB,
Fang U2 — G s Wi 24 A 5E pH (H48 1k
EFVEFEE R . A/ Nk % Fl mRNA Jd 4
RO IO VLP 75 ke ) 32 22 [0, 3
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3 2 R R ELA AR A P A/ Nk s g Y
AP VLP 425 WA/ N EE R S0R . AR
e WNGIR PR o g =05 3 A E AN AN
GrFURILMRAE VLP J A % R B mRNA, H T
EWIUE SR IV T 1 VLP 7E AL S & 50 5
RO AR OR AT K38, R WX Al BB 42 5 VLP
JiL PRI mRINA R A AT 3505 W
VLP-mRNA 7EAMIFT R mRNA 258 AL
16305 1 B Je A R, (BB VLP-mRNA [ fi 280
F, 875 58 B sl 1) 7K F 336 36 A R 58
%2 B45 T RE VLP-mRNA & H R B2
B . K Z 8 VLP-mRNA /340 F I IR TT B AFIE Hr
B, BEaf 2 FaEaikmnK-r R 7
RIFH mRNA #BikMRE, RRLRSAEZ
VLP-mRNA SEHLI R H

4 REH5RE
VLP & —Fhfe B8 1 ) mRNA 3 3% 3044
Wit Btk 2 rmingrkses

%2 7B VLP-mRNA BEXTEELXREER

LT LNP. SR, FERRAHIITH, VLP
AT mRNA H5E AR 0 iRk
PE SR B RE E PR RNA B 32 1 | 0k 4 2
BOR LA T T B AR AL, DS i R
HAROR . FEIB AT, EMNAROEEBCE(A
AL R TR ) R B [ 356 6 PR B AT 2 SR AL
b, DLSEE S A B 26 A R A R . H
A, 28 VLP-mRNA #1%F 6 AW LR, Hf
HF LVLP ) mRNA J75/& VLP-mRNA K Ji¢
FIHIT, TR E Lt AR IR B . It
4k, PEG10 VLP, MS2 VLP #1 HEV-pORF2 VLP
FALFE mRNA B35 IR R ATOE5E h BUS T —
HIR , TESIYIKF 23 T mRNA 1%, K
I VLP 3% mRNA MHFRAFATER KL 2
[f] . B4C, VLP-mRNA £ N Y G R it A
MR, SR Sk o v s LA™ A 3 W P fe i
JONE, R FEARE S 5 2R RCR . iR i — (]
R B 7 R R S8 A N TR R R VP, AT
e G WA . Ak, dnder Al S B i ik

Table 2 The development of different VLP-mRNA delivery platforms

Delivery Stages Representative example References

platforms

LVLP Clinical trial Delivery of Cas9 mRNA and sgRNA for the treatment of herpesvirus [44]
keratitis

MS2 VLP Animal level delivery  Delivery of prostate acid phosphatase mRNA for the treatment of [19]
prostate cancer in mice

HEV-pORF2  Animal level delivery  Delivery of hepatitis B virus surface antigen mRNA to mice [60]

VLP

PEG10 VLP  Animal level delivery = PEG10 VLP produced in mice can carry mRNA through the blood to [45]
cells in other tissues and release mRNA

Arc VLP Animal level delivery  Leukocyte-derived Arc VLP targeted delivery of mRNA to the [63]
inflammatory site of mouse neurons

CCMV VLP  Cellular level delivery  Delivery of green fluorescent protein mRNA to mammalian cells [37]

TMV VLP Cellular level delivery  Delivery of Semliki Forest virus genomic mRNA to mammalian cells [23]

PNMA2 VLP Cellular level delivery  Delivery of cyclization recombinase mRNA to mammalian cells [13]

HBc VLP Encapsulate mRNA and Delivery of siRNA to tumor cells, knockdown of red fluorescent [24]

deliver siRNA protein expression
QB VLP Deliver siRNA Delivery of siRNA for treatment of malignant brain tumors in mice  [18]
JCV VLP Deliver siRNA Delivery of siRNA improves osteoporosis in rats [32]
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R AVIAE 7 BUAS 1 VLP i s — 25 R
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PERA By, AU VLP A R Ak .
AL VLP 366 12 R0 R AR A st DR G435 s A A% AF
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