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Table 1 = Methods of exosome isolation
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Table 2 Methods of exosome drug loading
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Fig2 Methods of exosome drug loading
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Table 3 Strategies on refining targeting characteristics of exosomes

R3  BEIMLAER ) MR 5K SR G

W ER S
i AR SRR i
7 WL 3 s B A K 1EH _—
EHNTHE HEK293T4lfMl  #A28E  RGD Integrin avp3 PEE R IR T, S R K 1]
HEK293 T4 cireDIDO] RED Integrin a3 %4714 DIDO1-529 aa % 1R {2 HERBX1 § Bz 4L
z cire ntegrin ovj
g PRIDX 24 M T 40051 5 55t e

o LWR. . U

277 Raw264.7 SPION RGE NRP-1 PpBh 2 E ANSPIONHE I I fi B, 2  GBMZH ZH 1331
HEK293T SIRT6 siRNA E3i&flfk  — imﬁ%SiRN&mM L34]
SIRT6 ik

LTI - ST si GPX 4 Fe,0, —

e DR GG S AR i i fe R 4L 27 s

GBM: JI&EFE4 (Glioblastoma); RGE:
M BEHE A 1 ¥ e B (neuropilin-1-targeted
peptide, RGERPPR); RGD: K& M- H & MR-K&
Z MR (Arginine-Glycine-Aspartic acid) ; RBX1: ¥f
FEFE 11 (Ring-Box 1); PRDX2: i & 1L¥ i 2
(Peroxiredoxin 2) ; SPION: & i 4 14: 48, fb 2k 44 K
Wik (superparamagnetic iron oxide nanoparticles) ;
SIRT6: UL #K {5 & ¥ 5 I 7 2 M K i 2K 6
(Sirtuin 6)

TSN AR EZ R, TEIRNT 2000, 1R

YRR, Wl S TR e Y PR 2 O R e S
A A T S BRE S AR BT, S B2 ) e
% (3R3).

SEDR TG ORI, AR A B o0 T
FRAC I AN IAA . HEK293T 20 A 4% B R 5 %) [
20 B (tumor-associated macrophage, TAM) # [n]
JIKRCRVLRSGSC (CRV) 3 P51y JS0 Rz e %
= RSN A R T 712 CRV, 1 TAM H 40 2
M1, A P

HRE R, a2 B s b 2=



XXXX; XX (XXO

REW,, % TRUIMNDEIEMEEEETT HH R A -5-

K o 525K fl 28 Je AR -1 FE ) Ik (neuropilin-1-
targeted peptide, RGERPPR, RGE) 7Tk T
I = R S GRS R 2] 1 I AR S I e s 5 A
B S = 0 o g i N S R =i RS N2
RGE [N (94.88%/0.53%) ', E3 & Bi{A-SH
5 R gk -PEG-JH [ B (IO LR o — i
F1%) REL T St P A AN B, IR 5 M AR
AT R4S B3 18 BB i S A, 1) 115 4 i 98 40
g B AT B Bk, gt A A R
S G HE A R AN IR R 1 P . Fe O, A 1L Si0,
FeIl LT CD63 HLiA 52 3 T siGPX4 By S M fA 45
G, WIHARSMIE AR AT 2 1 S AR
RTEMG IR b > ABAEMEA AN MR e R rp, &R
388 ) AN L0 28 1 23 X6 SR 1 4 B e ™ A 5
e s AN RS BCARTE R N IR e TR 2, £
TE 5 B VA P A% R Ik A fife vy () gt 27

22 BEENRSRE

FEA A IAA ) FE AT R BRI 4 S A MM R R ZH 21
R, SREIRITRICR . R TANBMA A SRR,
SO HAAEYIAREZS &, IR T — 2 5 M
REAATR, JER NIRRT 8] 9 1%

TG, TEPUAA AN S AR T R A ot
KIHAGIIITE] . CDAT 1 R 3A i AMIAMA ] 1
HMRATEBRIE, RS INIMATENE A Th Y B AR
P21 2%, RS SNMATENT . M RR iR B

SR E BTN R 12 07 R A AR 5 A
YA ERSS G, Frnile SOKEERES G o IKBERE T LA
TEH LU I A 0 M A5 ot i) A S R A2 s Ah
PRI, SER SN AR B AR A ] 0 AR S b
BEAT 23 R K B FIR SR KBS o 3 LK 58 st it
BRI R EYALEEPEG, RO, 1EIRIT
HREM O, R R W e il i 7K B 5 EV
A N 2 5 AR, MO T ph e R T o A=
S RIRIK BRI I IR L R 1 0T 2R
2 IAYEE N (silk fibroin, SF) 2298425 A
(silk sericin, SS) Jt[FH4)K SS-SF /K BEjIe f 5 h s
AT TR 2, HRAMIMA RE 8 5 R TE
TeHUM BRI, R SRR IC A S MUAMATE Jir 1
LRI T BA AR R
2.3 EERNRERE

I G 7 N = N S = < R 7 N~ S
(extracellular matrix, ECM) 542K KRR
H. &R (hyaluronic acid, HA) FlIR = 3L
JoT 4 L S 43 W 40y BEL A 44 oK 245 40) ) e 9 TR Ak 2

7 BT, SRR R R A s 2R
ok ik i 83 ECM Hh Jie Ji A 1 AL 2 1 S s 25 0 )
i g 20 . B T BE T 4 R 2R B (matrix
metalloproteinases, MMPs ) {475 5 fffed AR b .
>k H 20 2 A1 A A9 miRNA 8 36 2% 21| 415301 21 it 5
PG MMPs 0 Bl A1 A AR 1 285K SR 175 B Jo 1 il
PH20, it 70k HA KA S 25z v,
BRUCLAAE, IRRENSIE T ANBMA TR R R
TSR IAZ RN RN E R, (RSN AR E AN
A, ZER AR . A AR g oK A
(Si0,) # % f % b = B (catalase, CAT)
(CAT@Si02) o Bl e 5 AS1411 i Fe (A& 1 Y B
P REAN /A (Ex-A) H (CSI@Ex-A), fiE
i 38 3 40 Y [5) 26 B 43 -1 (intercellular adhesion

molecule-1, ICAM-1) 4 5 19 & 48 2 o 1ML fixi B
B ) DOX@lipHA-hEVs % [ (1Y) HA &% 5 9 40

Jfs_F 1) CD44 $5 L4 4
=245

3 WAIR

SN R X 2 ) 2k R G2 Z R
AR R . TR TRt A A R . AR
RE TR Bk B H RO REYME R
NSRS L Y/b e L I E ST TN TN 2 NN A
%, TRMCBOHERIE, (A ANBA, REYTE
il b A rh ) 5% B A DL R S B . IR
PR J2 H R TBUZ AL BRI #16,  ELAR7E 50~500
nm ZE 47 o B TR UM 02 i 5 245 4 5 440 i o i
FEAL, PROHGE 5 TR R S A N k. (ESERR
PR s 1 259 5 1 2 B W2 1) AR,
5MELMAAEERR BUA T, BB BTAAEARTE R Y Y
B A BT[] D 6 1 A AR 0 TE ML K SOk AL 4
SIEMAE S B G R GIRA R, g R A4k
4, TCHLAK R B B R s, (EXELITE
IR B e, e RN B I BARXS T
HAZRZG R G, ok H ARG SMBAA FA 1Y
B VERES TE PRI E B s B SR, XA
HRE e TRES 2k HA AR 1A R M LA 2k i A=
Vbt HETCA AN DR TER R MBI 25
FKYIRIGIT IR (3R4).

HCC: M 41 M8 BF 4%  (hepatocellular
carcinoma) ; KATS: #fi 2 R £ Wi 5% B 5 (K
(lysine) acetyltransferase 5) ; DC: 2 IR 41 i
(dendritic cell) ; AR: Mt # % % {& (androgen

AT bR B R



"6 EMUFESEYYIRHR

Prog. Biochem. Biophys. XXXX; XX (XXO

Table 4 The therapeutic effect of exosomes for cancer
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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 nanometers. They regulate the
tumor microenvironment, proliferation, and progression by transporting proteins, nucleic acids, and other
biomolecules. 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,
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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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