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[ Abstract ] Virus-like particles (VLPs) are hollow nanoparticles composed of one or several virus structural proteins, which
have a morphological structure similar to natural viruses but do not contain any genetic material. Due to the excellent innate
immunogenicity and safety of VLPs, they are often used in the development of tumor vaccines. In addition, compared with traditional
drug delivery vectors, VLPs have better biocompatibility and strong targeting ability, making them highly valued in the delivery of
anti-tumor drugs. In recent years, the efficient delivery of gene editing tools using VLPs has provided new possibilities for tumor
treatment. VLPs can inhibit tumor growth and spread through various mechanisms, such as activating immune responses to suppress
tumor growth, stimulating the body's immune system, promoting the expression of tumor associated antigens, and enhancing the
body's ability to recognize and clear tumor cells. These studies not only broaden the application scope of VLPs in the field of anti-
tumor therapy, but also provide a broader prospect for future research and application. This article reviewed the research progress of
VLPs derived from different viruses in preventive or therapeutic vaccines and drug delivery carriers, and explored new development
strategies.

[ Key words | Virus-like particles; Drug delivery vehicles; Antitumor drug; Tumor vaccine
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BOR . SR, O AT ERIRIT T SRR E AN
IR RN LS 20, DR, &R . mak
AN RSO & A SR AR e VR T A A )
I R o

SR EEFEURL (virus-like particle, VLP) [KH:
MR RSN R AP e, B i e bt
FhgaIA YT HEms L VPR LLIE i Z AL
il Bl A AR RS, WTVILP AT 3 2 30 S
RAHI R A, R MR TR RS,
PRI AR TR A FR 3R, DTS s LA XS firh g
YA R R BRBE T4 . BLAh, VLPIRFIER
B IREAR, BT 25 BRI R I R
VLPEH 2 EIVLPINFR, DL SEEL 2549 16 i
TR AR Y SRR, DN = 25 0 PRI T
WX R B
1 VLPE RAFR RN

VLP&K 8 L BRI Y iU TE L —# 5 1
B AR ZS GORIRL, 1] A R4 o AL A
oS YRk SN o8 e N i B % e DR 7.3
HEZGY), YRR REEBESCR . VLPE
G 5 RN BRI ILARRL,  HH—FPE LR
E5HE A AR, (=R, AaedttT
S, ik, NEAEMEGREEREGRE

T VLPH L E5#4 7] 43 A | E AL BV L PRI 5
VLPHAZE 2 ([#1) o AEBEVLPH— Y
WEEA TR, AR, AR EAZ T
MRGHATHRL, AWE 2T LER TG
ARG HTRE, MAFLIRIERHE (human
papillomavirus, HPV ) VLP. It7h, JEAIEVLP
A RiAL i R AR A S L L AR TR
VLP, WREVLPA R, HZ5WHE hE 4,
WHAEEERGETRE, MW EEVLP, H
A, ©A 2R VLPEE A5 38 B & i 25 i B g
)5 (Food and Drug Administration, FDA ) ¥
e, AR XTHPYV . TR EE (hepatitis
B virus, HBV ) . A AT 29K 7 ( hepatitis E
virus, HEV ) FUEEERPEE 9 [Wn, sk
HEZZ B VLPEE B B 2t Al RIS B B .
2 VLPEMEEHAENHARER

M T VLPE A 1R o 1) fe g8 B Pk S A= ) 2 0%
Y, Gz RE 0N, LA A AR e
T pis L BT, AR R Y
KB RGEHATIR BESS B AR ) R AN ZH 28 AT
BMCVLP, SEmBE B ANUA, SOEPLARR 5
JEEF NG, DT T A A o 70 P B g e = A 1
GopEmi S22 1020

HuT, FHAVLPAMER AR AR CH
T VLP I e 5 A9, IZEOR AT A A
M FT ALK BB R T A2 OIR AR L
#HH (ovalbumin, OVA ) B9 Ttk 4 Bl 2 17
(OVALJIK ) & e 14 200 Jif 58 72 7 A 118 ek g e 5
PR, Al AR TR E 40 ( cytotoxic T
lymphocyte, CTL ) =5 ZU 4 e 8 S o
B, Li%E Y P T R T R R P22 A A Y
VLPE RSN K OVAJIKES 5 TP22 VLP
FM, U RUETT ORI VLP-O VAL, /N BRI 45
RIS R W], VLP-O VAl /N ™ A T 38 51 1Y
TCLAH G E L, [RlR, i@t $2 & CD4 Titk
CLAAAE . CD8 Tk L 4 AR L A2 Ttk 2 20 i
( TEMZHNL ) B Ho ], AR e 2 i ik 2 440
( tumor infiltrating lymphocytes, TIL ) FlJ§ 4 fifd
B IR PEATH 40 ( myeloid-derived suppressor
cell, MDSC) BLEMHY, =5 il e g A
AN, Palladini® "2 (UBFFTLE L2, it AE
Wik R AP250 VPR AT 5E ) L e % B Y JiE 7
ANF AR H 3242 (human epidermal growth
factor receptor 2, HER2) , 1] LIAZHLIFE FHLIA
PR AT RTHER2 AR H IR HE H Sk, X FhoR
WA T T Bl PR E e, AR, HeRh T
HER2-VLPEE W I HERFFEIN/NR, He A A FLIR
I8 10 R A R S AR T 50%~100%, ILAL, %
2 T 1A BEAT i) HHER 2 FH 14 i 8 76 57 2 780/ N BRUAA Py
A, IXEEHFFYR], HER2-VLPYEH 1] AE)K
R — R 4 B = R HER 2 BH P 988 05 797 A4 758
B,

Non-envelope VLPs

Envelope VLPs

* Foreign protein

[
Durg molecule Oligonucleotide
@ Due S otig

Foreign antigen A Foreign antigen

B (EAmMESSMAYBEEBENT EEMEEVLP
Fig. 1 Naked and enveloped VLP as antigen-presenting and drug-
delivery carriers

Kurg % 2° WA 3 Fh A [f] 1) 28 5 28 08 47 5
MAGEA4 ., MAGE10HIMCAM 5 2 5 5% 75 Gag
EHAVE, ALIPRVLP, FZVLPF AT
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R AT AP U sk #E Gag VLPA
OIS IR TR e PR S 8T, AT DA —
TRIERVLP PR E 1

wrge T LB, MENE VLR, 5
Jie 6 470 5 il 26 3K B9 VL PRI AR 8 4 SR AR 45 5 1Y
BIRIVLPEER , HAEAF PR sct. A
557 2 M R TR 2R P02 (trophoblast cell-
surface antigen 2, TROP-2) J& A4 fifd it =
P DL R =8, 7RI % A 8Uh ik BRI,
ATEZFEVEME b 2 m R, e g HEARL
4 PR S AT RIS Y L AR P kG,
K FAPIR % B %6 3K R 4t Bac-to-Backy ## T 3L F
TROP-2, CD40LAGagk H (1 # AR5 2%
FHLUUARFRIERH A BEYSTNS B RGBT
TROP-2 VLPFITROP-2-CD40L-VLP i F A ] (1)
VLP, Zr3I4%RFC57BL/6/NRUG & B, MHT
TROP-2 VLP4¥E4H, TROP-2-CD40L-VLPA s
/IR By S B, LS A i T s 2
HLfr e /ISR AT 5. IR, B T TROP-2 i
B I CDAOL Sy ff AR S G (R B B VL P 1
AR A s VAV R T 1

BT T W], VLPMIE TES N, B
et RIERURE . WEORIR R L. KB
ARG S Gy T AR, [RlBT kb 13
PRE R k25 H . HAT, VLP#E Z N HFHi
JeEg e B A A v, AR BT R B L A
PR I VLPEE T E AR B B, R
h RAFIIRIT R A 2k
3 VLPEMEZ YR E PR RGHRE

TE2ib it R H, VLPA e A HA %
Yelk, (EATSREA R A O M Rk 25 11 i 1
#fk, M TARRERRIR, VLIPS SRCR . ik
JEE MR A T T A B
[FlEF, VLPFOAR T ALGeR s8R E AR AR, (75
VP £ U 25 B TR A
3.1 ATy eyt R

w4, AR T A — AR YT T ik R
SRIT . WA BT E R (adriamycin,
DOX) "2V Jg P KB (paclitaxel,
PTX ) * FI5-%UR®ENE ( 5-fluorouracil,
5-FU ) PB4 ORTAT, sk s 2l R R R 2 i
SN IE R ARM 0 St P VLPHE R 254 3%
AR AR T A Rk S IR BEE, FLRE R R
YRR PR R TR Y VLP 2R IR
T ORI R G R-AZ O (hepatitis B virus core
protein, HBc) . HLEARLRBIGE (cowpea

chlorotic mottle virus, CCMV ) F% IR B8
(rotavirus, RV ) %370

WhgE 8 R, VLPHT LA SE ik k2 (e gy
PACHEAIT 5. L, VLA R R AR
AR KA R, e 35 4 e 25 90 g [ A
y730. HBC VLPYE R —FhiR &5ty s, H
ZVERem, WASCRBIRITAY) . FDOXIE i
BRIR A M BB EHBe VLPE R, AifFsr
SRR, FUE RS, B AN X DOX T REfL
THBC VLP A4 4 M 15 R 5 T 1 41

VLPA] LSk B35 gk Ve 17 258 1
AT HABA KR A, VLPEA B 4Etfa e
PEAAE W A M, AT DL R s I ) A S B
TRk, I 3R = 2 WY SO AN
KN . CCMVE g M A Al 45 3058 R #5947
B RRE T, PR R T 2 Wi 2k A Y I
KO B Y B, ceMv VLPE T
K U 25 IR T FUMRE . AE— E pHRTES T
JEF, CCMVIARTEH FRENE [ 31T RN
Bd. FIHX—4PE, mTLIEBRCCMVE A T
WY, B —A EAR 18 nm L P 1
A IE AT RN ZEDOX 2 A
LHE-3- (3-THIREFLNIL ) ik W R R Eh
[ 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride, EDC | FIN-¥83E T ik W i%
( N-hydroxy succinimide, NHS ) $DOX{H I 3|
CCMVAKGE R [ R A T T4y E e 1) FR %% )
AR DOX R #E . [FImE, AW 0 HGE,
FIHEDC-NHSH¥ 2 ( folic acid, FA) fHEXH]
CCMV VLP I, i A 3458 24590 X} Ji ik 50 7 114 402 )
feJ1. &R IR, KEADOXHCCMV VLPTE
LRI A0 MCF-7 v i B H 3ok 2 43 BRI 41 i 75
Pk, UESE T CCMV VLPYE Rt 245436 1% 24k
MRS I BE

AN, Kim% Y JF & T T EAP22 VLP
B ) AT IR R AR5, PT LUK DOXRE ff bk
KEFOANNE ., # HSpyTag/SpyCatcherZE [13%4% &
L DOXMBIRTENE I 1AP22 VLPIER, Iz
1o 1 B S0 A0 B A AT S RN R BEAZ R, PR AR A R
20 M R A4 N B PR AR M R VR . W ) R
By, 5854:P22 VLPHHLL, XFhZid &M i P22
VLPTEFL MRS A0 fIMDA-MB-468 fISK-BR-3 Fh %
PR v O A AR R A R I A M v . AR
M, BT FLIRE 4 IMCE-7 /0 40 i FE P B T
%%DOX [45] 5

VLPR 25 54 ] LA K ARy 25, ok
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Wit B R—EMER RS (biotin-avidin
system, BAS) #H:AbS7 25 Y0k WEAVEH T I 4n
filo LT VLPIEALS T Sh 5 A B EdE L &4
PERZIfetE, ARG T R B 0 2w
Z—
32 EARBST @GR

FEPATT AR ANRIE & 3 S A 40,
PLANTE | M2 PR e A S 3 DR 5 | e A 05
B BRI B, B8 & B G 7 iR
TIEE R PG A K RIS 7 3E 1) o B4
BRI TH, g iiRss, AEmREER
BR . A PE R MESE G , 1 VLPAAE v iR Ak
B, IO RTAEAN M PN ) s s e i I, LG YRk
R, PO FEPNAIF TR Tkt 17 L |
BT HMVLPAT 2 5% DNA ') | mRNA ' Fl
SIRNA UV SERL DR F 258, LIRS 0 I 2 o e
SRR Rk, DI 8 24000 ) B 4 e 1)
o B 114 235 KD 28 11 PRS2 A A R LA SR RN
MR IERRERIL , P LU B 4500 8 A o B AR
VLPHVE R #EH BRI T 25 0 R ar ik, HF
PR YL RIAYT ) . Lins iR T
JCZJEHi# (JC polyma virus, JCPyV ) HJVLP
VE R JE D 25 b i 2 AR, 38R T B T g 5
iR S A R IER G 37 (SP-B) FICDS9%E
SR K JERNA (shRNA ) BYFRik kL ( pSPB-
shCDS59 ) 3% 2 fifi e 4r L, DT AT 25 b
BRI B AR . Ao e N A e B
FEREAREE PR (HIV-Gag ) 52K e K A& il 8
( CASP8 ) JL[H 4 Gag-CASPSTE 15 VS V-G
455 1 Gag-CASPS-VLP,, % VLPH] LA &5 i
AL A IR 1S HECASP S AP, 55400
FLPRT . AEAT /N BRUEL BRI A TR fg Jie g 20 2
1 Gag-CASP8-VLPH] LIAG R il B A K

ZhangZs: ") R FICCMV VP #5042 1112
(oligonucleotide, ODN ) , F-f Huish 1% 21 i J7
HHCE WER L ( tumor-associated macrophages,
TAM ) . WF5E & R PR E A0 7 L ODN
1826 ACCMV VLPRYZS s NHB, 5 3IE2E0
CCMV-ODN1826-VLP., % VLP#EA /N H
Jei, AP TollFE3Z4AR9 ( Toll-like receptor-9,
TLR ) {55 %% 538 % 1T 75 3 TAM Y A 05 3%
Yo IF BLAE/NEREZ T 45 W o 0 iF o vh & B
CCMV-ODN1826-VLP7ETAM 32 9 i1 L i 15
JODN 1826 5T =y [ 4l il £ B, Wb Z 3G om T
TAMAWEIGYE; H 52 AODN18264H L,
CCMV-ODN1826-VLPYE 2 iz i Fl 2 €2, 2983 /N R

R ep g TR R A 4
Ak, FEFETEYT 54057 094 I T & 45 W
HERIBTEER, R BT TR AT S B
SR D AR Y M T — R T HBC
VLPH ML [ /25 RG, %R G2 i X HBe
VPR ) Z LR 7 5 A 730 ) s, DA o
XPREE e i ) 0% . A, YESHH G
( YAP) J&Hippofi 5 % 338 I T il i e s L4
T, YAPXT TR A . RIRMEREE
EXFEEMEN. LTI, AO5E %t
i A K ( TGN) FIDRS &(R- H 2R - KA &
% (RGD) EMIS I HBe VLPEZPTXFIYAP
siRNA, A SZBU R 28V Bl i (B ARy, OF
NS TN R R A, JRET R
R PURRCR . Rk, VLPRYFERIAYTY 517
IR 25 25 Z2 4038 o (it FMPRSR) 5t 0 0 i 25 1 25 )
SEIEPUMIEROR S IR IR T AR T S Ak
HIHE
4 REERE
VLPHHARA B4 RIR e it | 5ar
IR A NS A, BUR B TR M2 ik
RN L, BHAT RN HS (£1) .
FHT IS B 2 ) VL P = 5028 1% KL X 44 T
H. (UNCRISPR/Cas9FIfgFEmiass ) , PRy IEH
g T Bl R, 2B D RIR NS T &
RO R e, R RY TR AL TR T RE
JUEVLPTE PR IGY T SR A 5% 2 B i 3
HERE, (HAESE BRI S AT 1V 22 1) R 2 i
P, GOVLPA = A . RIKEENR. AHEIE K
IERf R ARt . o3 B ik AR M [ B HLA e
A . AREA =4 . [RIRF, FREeVLPAESE
FEE I 24 0 B h ) f R s KA, T T R IR AR
FoiTHA, HEVLPEEST g X B 3L
PE. BEAh, VLPXELL R R 25 26 21 H bR 20
M, R TR ARG N, PR A
A B — 2 4 R VLP I 25 PR 2 A0R
KK, MiZEX— R0 8 R E AR, VLP
A BLE MR IRYT U R AR N E A VE . W)
mf, BEEAYHAR S N TR REMRIRERE, R
KB ROZ T4 A HEVLP HETC A M,
G 2R ERHEOR,, FEH IR, JFoMIm KA
VIg it sildz

£ —1EH.
X% ( ORCID: 0009-0000-1405-5609 ) , fiii-+-HF7%
TR
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Tab.1 Comparison of virus-like particles for vaccine and drug delivery
Mode of treatment Delivery system Cargo material Loading method Targeted cell References
Vaccination P22 VLPs OVA; peptide Genetic conjugation EG.7-OVA [24]
AP250 VLPs HER2 Genetic conjugation MDA-MB-453 [25]
. . . . B16-F10
HBc VLPs OVA peptide, gp100 Genetic conjugation B16.OVA [62]
Chemical HepG2
Chemotherapy research HBc VLPs DOX conjugation HT-29 [39]
PTX Encapsulation U87 MG [59]
5-FA Chemical A431 [63]
conjugation
Encapsulation,
CCMV VLPs DOX Chemical MCF-7 [42-43 ]
conjugation
VP6-based VLPs DOX Chemical HT-29 [64]
conjugation
Chemical SK-BR-3
P22 VLPs DOX conjugation MDA-MB-468 [44]
FMDV VLPs DOX Chemical Hela [65]
conjugation F81
RSV VLPs DOX Encapsulation LS174T [66]
Gene therapy research JCPyV VLPs pSPB-shCD59 Encapsulation A549 [53]
. 22RV1
pPSAtk Encapsulation Pea [67]
HBC VLPs YAP siRNA Encapsulation U87 MG [59]
CCMV VLPs ODN1826 Encapsulation B16-F10 [ 55-57 ]
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