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[Abstract] Plant cells, bacterial cells, and mammalian cells can produce and secret extracellular vesicles (EVs) encapsulated with
proteins, nucleic acids, lipids, and small molecules. At the very beginning of research on EV, EVs were thought to function solely as a
way to dispose cellular waste. Later on, EVs were found to be able to carry and transfer bioactive substances between cells and change the
phenotype of the recipient cells. More and more studies have confirmed that EVs are novel mediators for short- and long-range intercellular
communication and new pattern of intercellular communication. EVs have broad physiological and pathological effects and can serve as
diagnostic biomarkers, drugs, drug targets, and drug carriers. In this paper, we review the effect, application, and engineering strategies of
EVs from different sources in targeted cancer therapy.
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Figure 1 Biogenesis, release, trafficking, uptake and cargo release of extracellular vesicles
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Figure 2 Functional hallmarks of cancer
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B BL21 U5 ) 0 AR S i 0 1) 7L 41 4T
/NS AR A1 2O RS (R0 st a5 v et e e
M2 1] M1 Ak, R KR 5 5 258 5 Bl A
MARARIERR, RIS A e itk SRR RS 2
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Figure 3 Bacterial EVs and the underlying mechanism of biogenesis
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BALB/c #f fl, 453 %78 LpEV At B 35 10l 45 7

A HCT116 /MBS AR A K 1,
2.3 HEYARIROEMEE BT PIERSMA
T ¥ EVs 1Y ] B > U 60 45 A Ab FH P 20 Ffd &%

( exocyst-positive organelle, EXPO) . £ # il 1Kk
( multivesicular body, MVB) " i1 ( vacuole )
A A WE /A (autophagosome ) (UL &l 4) M2V Sk

PR T AR AR W (anoplastic fluid ) %) 42 30 FR Ry 48
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fluid ) #5008 930, 205045 B E A2 150 nm Al
10~17 nm FRR BV WA KA B ( Nicotiana
benthamiana ) W 7 BT AMATT I 43 25 HE U 3836 1
AT 30~220 nm Z ], P (1174£9) nm™;
1M 1] H 2% ( Helianthus annuus L.) #1550l %
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ZU AT EE R IR, YRR ) B E S A /N
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Figure 4 Underlying mechanism of plant EVs
biogenesis
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FHSEEL
231 G A (Panax ginseng CAMey ) SRR
A9 Hr 78 EVs #£ 20 K ki ( ginseng derived nanoparticles,
GDNPs ) fEf% i Z 2 # M2 ( CD11b'F4/80°'CD206" )
1] M1 (CD11b'F4/80°CD86" ) &1 iyl Ak I 7= A= 1%

PPS

P4 (reactive oxygen species, ROS) , SEUNEIE
ORI T, A AR BRI
AAE LG, MR 4R M1 B AR GDNPs 75
S0 B W A AR A AR KRR B L HRYLT Toll HE4Z 14 4

( Toll like receptor 4, TLR4 ) 188+ 431k Ht it 88

( myeloid differentiation factor 88, MyDS88) {5 5.
GDNPs & fi2 i M1 LW 48 il 53 00 il 9 SR 9E R F o

(tumor necrosis factor a, TNF-a) . IL-12 F1 IL-6
ERAE 7 s R ERR AR Y M IV 440 i 5 T
CCL5 # CXCL9, 5% T Al g i 4554, 1Y
5 PD-1 HLiARRy7aL ", I, GDNPs Al RefE
KE S EIRTT B — SRR AR 25
2.3.2 A LB AE AU T AR R S O
1 OB BR R B0 BT AR R & iU (Asparagus
cochinchinensis nanovesicles, ACNVs) & A Jg i .
R AR 5T, AR 175 5 0 B 08 T 40 o 9 40
HOE, O IE R AR AN AT RER AR )
EVs AK ik CD47 %5 “HIzIR” 755, XL
RN T R, PEG &1 BENS B 3 PR AR 17
B i % 5 ACNVs il PEG f& i 1) ACNVs 7£ 200
mg - kg ' Al T Y66 B E I HepG2 #R RS IR 1)
4K, {H PEG B Hi i) ACNVs R F ACNVs,
o5 245 20 IR A 2 e I SR A T R R S RS Bl A =
ROk T K ARl (terminal deoxynucleotidyl transferase
dUTP nick end labeling, TUNEL )% {5, i 35 15 T B4,
Ul v S M S A R T R R SRR
AL, %57 PEG &1 ACNVs /N BUAR BT TG
W ARk, 145 T ARAE M ACNVs B /)N BRUA T £ i
FREAK, (HACNVs X0 JIF. ML JiRIE 21203
e ) St

ML Z:( Dendropanax morbifera ) 75¥5( Pinus

densiflora) . AL 3EF M ( Thuja occidentalis ) 1 H A
i ( Chamaecyparis obtusa ) B 111 53 B3] T
DM-EVs, PD-EVs. TO-EVs il CO-EVs. FLJi s 4 i
MDA-MB-231 Hl MCF7 = %38 i /N R 1A 3 1Y
AR PR IBGX e e3, 1i 1EH FLAR AN MCF10A
D038 ) A% 2R R NE R F A R IR . /N
RO WA F 4 X L6 2 360 . DM-EVs Fll PD-EVs
%o L A Fi 983 2 it MDA-MB-231 Fil MCF7.  Fz Jik i
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T2 AE A431 YA A ML EEVE T, X T R 2L A A
MCF10A FIIE# B B HNF {9 240 B dg 4 FH AR X 45
55, H DM-EVs ff: ] ## T PD-EVs, TO-EVs il CO-
EVs Tt & {EMH; DM-EVs fil PD-EVs Ui I
ANUIER, AH = F AR TR, i 5 R
LA e A S AR A Y

MEHRE (C. sinensis ) . #¥ ( C. aurantium )
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WOKGE (MVs) FIAUKBENL (NVs) A]FESSPEHD
LR A MCF7 . ARG AN A375 Filififif
TR AS49 3EFE, XF AN IEH K fA PR i 4
HaCat fAEKBCA 520 5 4G il 3 RIS ] Go/G)
H1 Go/M i BRI FEAE , f R 240 BRI 57 p21
(¥ F3#, FEAK Cyclin B1 (8 (135 H1 Go/M 2 s
REEVEATHF Cyclin B2 (5K A aeis
M S 25 ADP-AZHER G -1 ( poly-ADP-Ribose
polymerase-1, PARP-1) 15| % A375 4fdr:, 1P
il AKT F01 20 il S8 5 5 8 775 4 Bl ( extracellular signal
regulated kinase, ERK ) 15 5 i #% (1 1% 7, MMl
K% {I% 40 Bt (] %k Bt 4> 7 1 Cintercellular adhesion
molecule-1, ICAM-1) F141 4145 i ( cathepsins )
(22 1k, aE I A AR A0 M AT A UL . 45
Ji Je RIS 20 B 28 A7 45 28 ¥ (limon derived
extracellular vesicles, LDEVs ) ZbPRf5, 212431
Bad F/1 Bax 1) mRNA ZK-F4400, mife A= 4757k
7% (survivin) Fl Bel-xL ) % 15 #{%; LDEVs &
TRNEE TRAIL A SR9ARE M T, 2S5 084
JSCFA 240 PR 0, i 4 N B2 AR - A (vascular
endothelial growth factor A, VEGF-A) | IL-6 I
IL-8, 5 Z i 00 il e 4 A 4 1. LDEVs (i it fi
S I S 208 3 A T A B 4 5 3 B O B il 2 Tk Aty
i A ¥ 1k [ (acetyl-CoA carboxylase, ACACA )
B IR SE B UUER ACACA n] DL 41 o A 4 Figs
FUIMIII T, 2R 8 0 22 2O A
fif ( mitogen activated protein kinase, MAPK ) {5 =
f& 3 R JE Bad A5 19 41 4 T2 S B, LDEVs H
0 45 o MR8 440 i SW480 ., 1 i AR bk 1L 96 4 it
LAMAS4 FIZ K PE B B 40 MM iYZE K, (HA
I BER A0 HS-5 A K, 2 LDEVs H

PPS

0 761 3 2 il I8 40 Bt ACACA B9 Rk, [HR 20
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DNA $i 45 7 5 5 25 11 45a ( growth arrest and DNA
damage inducible alpha, GADD45a) A&k, fiiH
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. M HRG RN
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AR, X R 75 S I 4 A S 914 i J%]
= AL PR TS s R A R T R A
T ROS 17 42 Fl JUN 3 H (19 E 35 BMEVs I 3%
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RN FASNA S 5-FU RFEUMREVER, v iR 40 i
XF 5-FU it 25, #0i OSCC A K, X —A1EH]
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2.3.3 MR R E R A IR K FR B (garlic
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X GDVs By #6% B b H e ks 5 E
1 1T BESE 22 R CD98 2 (1] 1) B 32 AH AR FH A8 4l i %
GDVs iR Fit i s A T BELIT CD98 52 14
AT 5 2 REAIL HepG2 4HMXT GDVs [HEH; 7E HepG2
ifrh, GDVs @il LPS i 5 Y12 & K IFN-y F
IL-6 ik, KAFHURIE 7, SRAE RN T LAGE i
AR R RIS Y, I GDVs A ATREF T
JEER YT o

234 PUME AR IT 7E 3D U AR, )
#E 2 ( Dendropanax morbifera ) B 111 IR 1Y
&30 DM-EV's 0] 41 il [ 9 AH OC B 4F 4E 4 M ( cancer
associated fibroblast, CAF ) [, [HXFIEH W EF
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Figure 5 Strategy and method for EVs engineering
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W TR A TAEYS TR (E6) o fEfY
Foki sk SRR, PR EVs B3R ICAN T LIS
AHNE A% IR R (BT 4 40 - L, 2835 A BRI
I FE Ak I A B K R il 2 (angiotensin converting
enzyme 2, ACE2) fy HEK293 4 iy 4= 7= T % ik
ACE2 iy EVs "™, 4 31 b ] LA Sk 8 4 J5 A9 B 1%
AR AERACH A L B n] D)) 22 AR by i

HFt A 202220 Hack H2W

F, FIRWTEM (apoptin ) 5 EVs JEE 15 CD9
G EE, A R RO S E

6B TR BB M o T R R
A0 ( marrow stromal cells, MSCs ) EVs &7 1] LI
Y426 PR miRNA 931k, Katakowski % " ]
miR-146b 3k KL Y MSC, I It MSC B 1Y
EVs, EIIRIFHY EVs T i 5 FRARME o 40 it i) S
FEAFRE AR RS . A T A ) 0 S5 1240 L R g 4
JiL B AN TR 4t 2 e e e ‘3 3R 8 miRNA A 804k
Jei, BIBEFA R A AR miRNA (4 EVs,  H g i)
FOR AR Ye ik miR-122 Bk S, REUSAE AL,
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Fik miR-122 (1) BVs, 1 FLIRE N VR SHZ 1 RE A
JFRE A 2 AR AR JE i o7 . AN A R Y S AT
i 2 Je 7R ) EVs WA i e ARG SER T TR
e an LR 40 4T, & 40 HepG2 1P 595 40
Jifd SKBR3 7 22 fiig Jii {& lipofectamine 2000 #% 4% CyS5-
anti-miR-21 Ji5 7= 4 1Y EVs A CyS-anti-miR-21, Tfij
s S I BEE IR TR AN T DOX Ay 2444 1
HET, 2R EEH TR A RS i R te 2t N
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G ARG - ERAMAENH, TN RNA
NP EEERR ", Iy SRR E
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Figure 6 EVs cargo encapsulation based on genetic
engineering in the parental cells
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bp 1 DNA L4311 1/10, 7] 6 5 P42 45 dy 777 4k
R I P AL A2 /N IR DNA 9 0 BE 18 45, DR it
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FL 2 (R 8503 T BE BRI R AT G, RS )R U
(B8 LG S R BRI AL 17 G T RE 5
RNA Fl EVs B4, MIMFEML EVs 1y EE S
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H U M EERCR S TSGR . N FIRIER
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b2 e YL g K ST AL EVs B T
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W SR R S, RS TRIE AAN . AT A
G CaCly % Yo RO A% R 4 F L 8 3 B v,
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miR-15a AL E] Vs,

P AL AT PTX 45 /INorF RN ER [ AR 2 R0 43
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TR E RARRS , SH A Y, SR kB,
P AR BERY EVs RiAS | B8 VA 20 A N A 2 25
Mg 1, RAW264.7 20 il K U 1) EVs 7 28 8 75 4 3%
PTX ZJG KRR K zeta HALTHE, WERCRE S
TR E L U SR, AT RS R DA Xt
£ N N I VI DN = i A R 0 A< ]
EVs i 1o 8 75 GBS A R 280N 73 i 2 Vil g 1 )
M, BRI E LG 415, BASTRE
AR O s S W R IR T P A B A RS [R) A
3.2 M EERERE TR KE

EVs B —FIRHEE5H , I & T AR R 8 T,
PRI LIS . W BB E S i IE 3kA
ANTRIFBESE AR 5 A A DA S A M IR R
PO CIRE . SRR F . ORI RIS Bl A
SRS SRR AR SO RE(RIB T FIATE
EVs B 7. EVs TRk 45 56 T 5404
Musst it . AR TR A EVs B3 1 4 R S 3k
FYHAE = H AR N EVs R TR .
3.2.1 FET R AN A A4 40 B b S ISR 1T 03 1
EVs 2% [ A [0 IR 45 D BE M 43 1T ARG s 4836 1)
RO, R UL A IR R R B M TR R EVs 3R
T B S AR R ML A X Rk G .
Fif A AH ¢ I 2K 11 2b (lysosome associated membrane
protein 2b, Lamp2b ) I PU K ¥5 I &5 H K % W% 2
CDY9. CD63. CD81 J& % UL i) EVs it & [, X 4t
3 W B P DR TR0 A il 2R A AR, R K
H: K A F 32 & (epidermal growth factor receptor,
EGFR) . AEEAKFEFZ4K 2 (human epidermal
growth factor receptor 2, HER2 ) | [fil/MRATA A=K
[ F3ZA& (platelet-derived growth factor receptor,
PDGFR ) %5 i & 40 i o 2 ik 19 52 4K i & TR
fify 1) C A 2 H R Y R EL A iR A ) G AR
H o o AL B R MR 5 40 8 3% 3k 7 51 8
YTIWMPENPRPGTPCDIFTNSRGKRASNG it i ff
RVG ( rabies viral glycoprotein ) 5 Lamp2b ) fifl &
£ 1 Lamp2b-RVG, J¥ %12 ASSLNIA 9 LA 2 21
#) BK ( muscle specific peptide, MSP ) 4 Lamp2b
fFl4 5 11 Lamp2b-MSP, 7 A% 431 4 35 Lamp2b-
RVG #il Lamp2b-MSP FY#Eit, X SL4E n] Loy Hi%F
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S b AR 25 40 Neuro2 A F1YLIA 21 ifL C2C12,
XU A SiRNA J5, 1T LUA ROb RS2 R 40 i
PRI N R K, i AL A GAPDH 1Y siRNA Ji7
Lamp2b-RVG FEU AT LIFEZ Ak X K GAPDH 5%
ik, {HAD Lamp2b-MSP ZEHI7E LA LU RL T,
EGFR J2& — i 75 Jit J6 240 1t 2% 1H /2 3R 3 1Y) 125 Rl 2
U g AR HEK 293 20 EA 7 8 A B
¥ 665 EGFR 454 1) GE11 Ik( YHWYGYTPQNVI )
5 PDGFR #5 I IX DAl 2 1 R IA 7E 48 0 3R 1
AT A] EGFR (5 #3419 ZLAR G 4 U, st e
— R MR A A &M 720, 7E Lamp2b- 1
] KRl B 2 b ) AR A, AR IR K
(14) 5 fige RN 38 N Al 5 B (AR A S e R ak,
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g U7 FLBEBE 8 1 (lactadherin ) FY C1C2 45 4 4}
RE0S S5 WM 22 IR A ESS 6, M m ARSE D REPE
P E RS C1C2 S5l A % n il & 25 11 DA
SEPRAE R R Y e IA 1T AR IE K T (decay
accelerating factor ) YR [IENE ML LB & 15 5 kS
EGFR HU#iiA& EGal 8¢ R2 454, W a] LKk R
FERE T 1T MOE AN R A AR,
F BAT IR R g e BLA . FCIA (ligand ) BCESAK

(affibody ) ¥4 R AU MIAM X, o AT DI )
M Z BRI IN#E G2 0B, HE 1] K RGD 453k 2 4%
FEUm, T S B P 1 i ey U AR A
R A WA RE S RmE RN, B
FH 48 2 b 0 ) il 0 T BB . HER2 195
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EGF) " ¥yl I T FE 4l 2% A M aEtah & 5 A,
I LA AT AR ) e A )
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2) BlA R AT RESAE EVs AR o il ad R PRt
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SibEfR; 4) REECT AR AR IS G 5L
TR, RO EE LA T g

ANAE A B AR 1B R 1 43 n LLGE B AR
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43l H U B R, iR A EVs JIig B XUZ 45
¥y, #iEFE EVs IR, B0, #% EGFR W44k
Pk R2 5] EGal #1 PEG 20 5l SN 8t &, TE ALY
BAYTT LI L SRS A EE EVs BRI, X — &1

NAULE 08I 727 N A s (1 B L0 K e = D A [
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