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Fig. 1 Advantages and disadvantages of methods for exosome isolation
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Table 1 Methods of exosome isolation
Rl SMBMES BT ENMRBRR
VATSWIRES = B 27 CHR
T 5 T RS 0 B R 5y B 5k TE MBI, PR [9]
% LR BE R RS 0 v AU At ARG I R bR B 5 B SN [10]
g BAERTE, MR RAR FEAN BT ) 7RI BRI A NI AR R 45 [11]
JUSHHERH ta ik FEER 4l IS [12]
URLESAILTEIN DRAFAMIAIETE, 2EREwm, 2Bl FER, Mg e s, FEK, eI [13]
S AR BAT R
WRAEHAR e ik e ot, BAERME, PR [14-15]
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RS, NN TR, A
WS B A IMAZERE) % B R e O fifT R R
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PR E A SEE Y " Bk, MEE.OH
RFEHHS, AUERE 5T, HAEPIRR b = 2.0 S0
AT BT T I AL .
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F—RNEETRPEERER RS, 5%k
FHRAR A IR EAR ], S0 BT iy
EBRSRE B SN AR o DR 506 8 B ik CD63 Flidi B4
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Table 2 Advantages and disadvantages of methods for exosome drug loading
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Fig. 2 Methods of exosome drug loading
E2 SMpEBEA T E
(a) SMEVESZ; (b) NIEERZR.

2 SNRBEHIA RGN E

SN IR DI REAS Fh 20 B S R B2 M I 25
BIEAR, AV R r YR TR, W2t
TR TANBAREA, st S A A e i 42 )
P, SERSNAATE I P i) BT TR], F s g

DLIZIHIHEE . DR iR T At .
2.1 $EMARESERE

WE AN S Z Re e, TEIRNZ 06, IR
IPRCRAS 22, Bl R TR s Bk 2 i A E A
WA 3R THT he AR R S AR BT, SR 2 g A e g
ik (F£3),

Table 3 Strategies on refining targeting characteristics of exosomes

R3  MESMBRERE MR KR B

WaRiA G SRR WITHN) EEST A ik YEH R
FEP T AL HEK293 T4 #f EyA RGD A Ravpl R T, R A [31]
HEK293T4Hffl  circDIDO1 RGD BARKwP’ HMIBDIDO1-529 aatk FIRMEHRBXI S8 [32]
(72 AL FTPRDX 2 At AN T 0 11) B e i3 g
A= yiprS Raw264.7 LHEE. RGE NRP-1 P h 23 2 FISPIONGE I i fisi ¢ iz, #E[7) [33]
SPION GBM# 41
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Wi M A SRR WITHY EEST E G 1EH Bk
HEK293T  SIRT6 siRNA E3i& it {4k — )5 sIRN A FI I SIRT6 [ 6 1k [34]
WP (RS TEE 5 T4 siGPX4 Fe,0, — 85 B A R 465 47 A L e i P 3 2. 21 [35]

GBM: JRFTHAHI (glioblastoma); RGE: #ZLFEHE A 1K (neuropilin-1-targeted peptide, RGERPPR); RGD: K& k- H & R-K
AR (arginine-glycine-aspartic acid); RBX1: MHE& 11 (ring-box 1); PRDX2: IS fkWME2 (peroxiredoxin 2); SPION: R IIREM: 4
AR Kk (superparamagnetic iron oxide nanoparticles); SIRT6: VTUER{F EIENTH T2 #HCHZE 6 (Sirtuin 6) .

SR TR BRI, A2 (s 240 A 53 T
AL AN A . HEK293T 4 it 4% fitr g i Y8 1) 1 e
40 fifd  (tumor-associated macrophage, TAM) #[! [u]
JIK CRVLRSGSC (CRV) 14 [K 48] Jil 1) Jo ki ¢
H A SN AR 0 712 CRV, # TAM 4y
M1, #IE A P

Hcw R A=, M S Ak A
K. LB B ph 28 B2 Ak 1 88 ) BK (neuropilin-1-
targeted peptide, RGERPPR, RGE) 7Tk T il
b = e 5 S R I B A AR R b A e s e A
B, R R 5 R A A ) e MR TS R B AR
RGE [N A (94.88%/0.53%) ', E3 i Bi{A-SH
5 Eh R PV ¥ -PEG-H [ BB R UAB IR . — i
{18 JE 4T e e AP, BB 5 I A 7
AI A4S B3 BB 1 r Ab A, 1) i 9 AR g 2
LB AT BB, AR A T A A
SR WP R MR R L ) 1 . Fe,O, 841 1L SiO,
Feil 1T CD63 HUiR 544 T siGPX4 HY MR L,
G, RSN VR RS AT 25 i SN AR R
ETERG I Ak = ABTERB IR S A By B,
3B ) JRAN LR B 12 X A MR 1) 24 R L A= 5
e, ARSI IS RO N R e PR 22, A7
TE D WK INAZ TR TR fff g [ 75
22 BEENRSKE

FEA MM ) B A7 R RE g 4 i ANUMATE B ZH 21
R, PRENRITRCR . FETAMBAR A SRR,
S HAB E IR RARSS &, K T —SE g S A
RERFERR, SR AMIMATRE TN 8] ) 5 s

G, THPUERAZ AT SN MA TR B AR R 4E
K HAFFR [E] . CDAT 5 FRIB BN 1 E g
MARVEBRIE , REUSRSMNMATENR R i) B A%
P& 2%, (EAMIMATEIT . It AUBAR Fh TR

SR, HATR AT 2 W 5 e s A 5
VRS G, R KBRS & o AKBER ]
DATEA U S DU 20 RS RS 0T () A R B v A
WMA I ], SRR AN A Y BRAE BT[] 0 AR
WREAT 53R G K EERE TR AR IKBERE o A UK BEE

JERL S £ Tl R & W 15 R & 1 (polyethylene
glycol, PEG). LIRS . TEIRYTHREMIOI
FH 5 TR s T P T ) B ) /K BE S 5 BV BB 1 FH 42 1
AR, MGE TR Mo A K . RIRK
gl i)y SRR A g VTN i B N 2 S 3 ] |
(silk fibroin, SF) Fl2z8 22 ik 8 H (silk sericin,
SS) R4 pl SS-SF 7K B i A 22 M s A ] T4 41
B2 A, SN EE NS S G TC LA R
i, #EEEACERbRIC SN [ & ML
B IR EE G 1
23 BERNRESKRE

G 7 N = N S = Gl 21 I A N~ S i
(extracellular matrix, ECM) H P35 &K KR E
H. B#WFR (hyaluronic acid, HA) FlR )3k
o 200 B e 43 05 W BEL RS 40 K 25 90 1) fib g TR AL B
7 BT, AR R T A A s 2R
Rok ik Jieb R ECM P Jise J 8 1 AL 2 1 SR 25 0 1)
g 5 o, BUE I A B R A (matrix
metalloproteinases, MMPs) it 14 5 %8 I fed 1A 5%
S [ B2, 2500 20 1Y miRINA #3836 30 41 30 20 5
PO MMPs o 5 A0 I8 1A B 28K SR 3 B I PR g
PH20, i/t HA KA S 254iB % 7,

BRULLASN, IR REASIE i AN AR 1 S P 2R
F I SEIAZ AR RN AR, SRS MBARTEA
5 1 =S O SYACP i T N = P 2 20 B T A
(Si0,) H % o A fb & B (catalase, CAT)
(CAT@Si02) Ja Bk Ye s AS1411 i FLAARME 1 Y R
¥ B A M Ah A (Ex-A) (CSI@Ex-A) 1, fig
% 38 1< 40 9 (8] 26 BfF 2 7 1 (intercellular adhesion
molecule-1, ICAM-1) 4 5 /9 & 42 2F o 1L i 5
ki 8, DOX@lipHA-hEVs £ [l it HA fig 1% 55 9 41
Ml I () CD44 K5 5 PE 45 &, i b g 2 3 TR 42

w2 A
3 MAIRK

SR R 24 25038 14 R G HA Z R
PR RERE SR I AR BB . LA )
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REJI DR ik B B . REWITE A28
AR BA B A AR iR R A R K
N, TREEBOT R, (HARLLANBIR, REW
TEfil i f b S A A LG S B R . i
J A2 v TROBUZ A BROE BE 0, ELARAE 50~
500 nm e A7 o H TR B OBUZ i S5 254 5 4 i
JRAEEARAL, PR HGE i R A pe A e E
PENETEZS Y sl 25 ) 5 B o g B AUR [ A
HL, AWXELLRAFAE R A, B AR A3

PN B A I ] B T AN 0 JC LN AR
4GSR ARG B A AR R, g, R, =
SR o TOHLAAR IR BAT BB i n e s, (ELxfE
PATE KPS Brh i 4, LA s i = I ELAH
XTHABEA R GE, kA TA R RSNBAA
A RIANEIETE, RERSEREIE B B BIH U AR
XA EERE B ATTRENS 20 HoAt 22 TR R af L %
HRAYIBRR . HATE A AN DO R R I NL AR
ARV T (R4).

Table 4 The therapeutic effect of exosomes for cancer

R4 MRS BREREYIE T E R

PR AR fEH 225 R
U2 (SN BENAE ) MR B AR R, TR T 24 R 2 A [52]
9 KA RGDAK SIS GRS EE, S0 AR ANA, o ILE E R [53]
DMIRIGEEE 1, AF 45 SMA BEAT 280 % 325 0 A Al Ji 83 2 ff
HEAA CasOWiHi% & A AU HCCAE KT 75 G IR SRR IS (KATS), il g A= 1 [54]
T R VEAIMAE TS SR G SR A A AR T S R N B o P R O AR I AL AT A S A L e [55])
TEVRLHEDCAN 51 A fied S5 B A CD8 T4 M ) S5 82
A siYYIFISTAT3 siRNA  fEmfby7iuat, o0t 24k [56]
siSIRPafll siSTAT6 T B R B AR A M1 T [57]
PAK4 siRNA [ PANC- 141 itd HH PAK 4 73% [R5 & [58]
let-7c¢ FEFTARFIIL-6 94 7K A5 1 [29]
miR-7 HEINTNF A Y0 A T2 75 5 e A 1 e sk 14 [59]
miR-375 AT WntSad il s J5 5 40 R 1 44 R A2 2% [60]
miR-151a 38 558 R 0 B s TMZ (1) B [61]
miR-1246 B b - T R B A SR R, FURNES R AR ORI B ARk, Mamadl B [e2]
Fe-lFR AL, AR (2 2R 1
miR-203 TR B AN MR AL, 05 3 3 i A K [63]
miR-124-3p Fb A G, AT SR PR A PR R BE T, B AR I kL P E T B [64]

HCC: 49 (hepatocellular carcinoma) ; KAT5: %/ L% 5 (K (lysine) acetyltransferase 5); DC: 4 ZAR4HMI (dendritic
cell); AR: M EZM (androgen receptor); PANC-1: AJBEAREAIE (human pancreatic carcinoma cells); TMZ: FELIEAE (temozoloide) ;

TNF: PRJEEIRSER T (tumor necrosis factor)

3.1 SN AR RT MR A A

B 7s 2 — A RN PURE 2, BRI A S
T (H 5 ST MO T g R 2 1 SEg s
Jif 23 #E 1a] K iRGD  (internalizing RGD peptide) Fl1
S e PR B BB AFLIR AN AR BRUZ , If:
BB PR R o AT ) P R S S A S A 2
B, AR = PP EFLR R 4 M ) A TG %
AR, SRR, SN ZE Y BT
B R PEAR T NEREE AR A 2L R RN

LW (paclitaxel, PTX) J&—FPhih 22503
), ABAE G R H] b BAG A= $y 1) FH R ARRA 70 AR
PEFEME R B AL . A5 E R DI RE L 14K RGD FRG 4
KR (magnetic nanoparticles, MNPs) {5 2] A

JERE AN (PANC-1) iR BV £ I, W T
EV (rmExo) ¥ PTX 7E A H . #4 i rmExo-
PTX. HHHZE AP 36 1] PANC-1 20 il 45 4 5
RS AEY /NP, R /. P RGD #L )
JBE RS A M, I Bl rmExo-PTX 3497 I 1 Jih o8
H AU oS- WUDLEh 2B PR TR DR B ek, il
FRHNIMARRER B 2B R AL A, B2 Ad Ah
JRAVRFR /N 2
32 SMMEIEAEAE AT E AR

AR £ BB B/ KR 2 W RE A i s 2
WREMHLRRE ST, SEEAMRIHE. Filan,
T o F 2R AL Cas9 AZMEAZ B P12 21 I 22 R 4 i
I B ANIMA HIE 1% exosome®™, i LR [n] T4 i
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fiFJ# (hepatocellular carcinoma, HCC) 4+ ff b
T KATS, # g A . SEEESE, exosome™”
IRTTI/INEEAFRAE 50 d R 100%, 11 PBS 4b B
o %F BRZ /N 50 d R AR AR 0M 0%

A1 UAAAE Ay Iy 2 v 1 At EL A R R
71, B f g )R PR 48 L A6 T (immunogenic cell
death, ICD) % & & fin 2k 2| o 2L W & A
(o-lactalbumin, o-LA) T F24b 8 FL AR AT 4= 40 i
R £ 50 DC £ (HELA-Exos), HABMIG I
HUE AL DC IS & CD8'T 4 e Y e b, il — B 7Y
FLIRIE /N ERBS AL g i o
3.3 SMMEAERTEIE IR T FIRNAZK

REEVE . SRR PR A0 siRNA 7 R BN N &R
7 IR A RO S, AT TR AT 25
sIRNA # Ry = 2l 2 R AR N R, H AT
CAVFZ AR BURH THE25, Wpgmik . Tl
YRR A B 7 B T AOHE DL 2E Ao Il s R B, TC
ML RO WA AE S B AR A i, TRk AT
WA AT S o A R, A IR YT 25
LN, e R AL B AR R

FhiAEJEIRYT HCC () FEHLKI s S0 T,
ST 67 2 multi-siRNA (4 7 WM RESE [ HCC 21
Ji H UM kAT B R GPX4 M DHODH, 3k
W RPAE RS TR ERIET, BIRIRIT RO .
BP9 R MR ZE siY'Y 1 FI STAT3 siRNA [ i
I I S~ S = 7 N £ N T TN S 11 N O 4
(glioblastoma, GBM) HERE ', M1 F A0 it >k U5
4 1 5 1A 2 siSTRPau il siSTAT6 75 5 5 s £ it %
B M1 RA, il s A 7 ek P21 T AR
fitf4 (P21-activated kinase 4, PAK4) siRNA [1J7Mib
RF A PANC-1 41 it o PAK4 73% Ry A5, 340
/N BRI B B A1 48 Y

BT SiRNASb, M IS X miRNA 2 —Ff
HTRIT RN . Bt 7c (let-7c) TERTH Ik Js ok
AR Z ISR+, &Rl LIRSS AR FTIL-6 13
TRFIE M 0 DRI A ek A S T 7 5 T 40
KR SN RLE RSN let-Tc, AT A RN 23
TP A2 s B & AR 75 8% . miR-7 B4
TNF A3 520 M 08 7175 T B AR 9§00 B0 3 miR-
375 3 Ak T WntSa 310 i 2 5 Bk 200 I8 1) s 5 A =
285 HMUAMA miR-151a 1 F T /e 240 it L 34 58 %) ¢
G  (temozoloide, TMZ) A& 01, 4
WAA miR-1246 L[] [ K -] FERUE LA OCHE ], F
PTINESFE R A AL R R, ] b e -]

s AL, BRI IE R 22 . AP AR miR-
203 38 {12 2 L W 0 L ) ML AR A, IR RE e
KO ML NNEB- A A 1 (heme oxygenase-1,
HO-1) $eyeirgim el Taui s, o wn bk
P miR-124-3p = #35, MHA0 JE G, M i)
LA ERAE T, R B e i P Tt g e
3.4 SNIMERE S BRI AR

NIRRT IEIRIT TR B AR, HA sy
miRNA. IncRNA. circRNA 22N &Y, Kitnl g%
PR iz . T A AR A AR R

HIGI B2 — 2 WL 53 PR o Il RT3
RSP )R (prostate specific antigen, PSA) f&H
A e EE A ATHI AR 12 W T H, [ PSA JCik X
IR ZEVERTSIRRE o HTSARR SFIE MR Mt 2
B PSA B PHESE S o R U5 PRIB A S I fA A )
AE A =5 70 51 B8 12 T O SR L R S i R e
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Abstract Tumors are the second leading cause of death worldwide. Exosomes are a type of extracellular vesicle
secreted from multivesicular bodies, with particle sizes ranging from 40 to 160 nm. They regulate the tumor

microenvironment, proliferation, and progression by transporting proteins, nucleic acids, and other biomolecules.
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Compared with other drug delivery systems, exosomes derived from different cells possess unique cellular
tropism, enabling them to selectively target specific tissues and organs. This homing ability allows them to cross
biological barriers that are otherwise difficult for conventional drug delivery systems to penetrate. Due to their
biocompatibility and unique biological properties, exosomes can serve as drug delivery systems capable of
loading various anti-tumor drugs. They can traverse biological barriers, evade immune responses, and specifically
target tumor tissues, making them ideal carriers for anti-tumor therapeutics. This article systematically
summarizes the methods for exosome isolation, including ultracentrifugation, ultrafiltration, size-exclusion
chromatography (SEC), immunoaffinity capture, and microfluidics. However, these methods have certain
limitations. A combination of multiple isolation techniques can improve isolation efficiency. For instance,
combining ultrafiltration with SEC can achieve both high purity and high yield while reducing processing time.
Exosome drug loading methods can be classified into post-loading and pre-loading approaches. Pre-loading is
further categorized into active and passive loading. Active loading methods, including electroporation, sonication,
extrusion, and freeze-thaw cycles, involve physical or chemical disruption of the exosome membrane to facilitate
drug encapsulation. Passive loading relies on drug concentration gradients or hydrophobic interactions between
drugs and exosomes for encapsulation. Pre-loading strategies also include genetic engineering and co-incubation
methods. Additionally, we review approaches to enhance the targeting, retention, and permeability of exosomes.
Genetic engineering and chemical modifications can improve their tumor-targeting capabilities. Magnetic fields
can also be employed to promote the accumulation of exosomes at tumor sites. Retention time can be prolonged
by inhibiting monocyte-mediated clearance or by combining exosomes with hydrogels. Engineered exosomes can
also reshape the tumor microenvironment to enhance permeability. This review further discusses the current
applications of exosomes in delivering various anti-tumor drugs. Specifically, exosomes can encapsulate
chemotherapeutic agents such as paclitaxel to reduce side effects and increase drug concentration within tumor
tissues. For instance, exosomes loaded with doxorubicin can mitigate cardiotoxicity and minimize adverse effects
on healthy tissues. Furthermore, exosomes can encapsulate proteins to enhance protein stability and
bioavailability or carry immunogenic cell death inducers for tumor vaccines. In addition to these applications,
exosomes can deliver nucleic acids such as siRNA and miRNA to regulate gene expression, inhibit tumor
proliferation, and suppress invasion. Beyond their therapeutic applications, exosomes also serve as tumor
biomarkers for early cancer diagnosis. The detection of exosomal miRNA can improve the sensitivity and
specificity of diagnosing prostate and pancreatic cancers. Despite their promising potential as drug delivery
systems, challenges remain in the standardization and large-scale production of exosomes. This article explores
the future development of engineered exosomes for targeted tumor therapy. Plant-derived exosomes hold potential
due to their superior biocompatibility, lower toxicity, and abundant availability. Furthermore, the integration of
exosomes with artificial intelligence may offer novel applications in diagnostics, therapeutics, and personalized

medicine.
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