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2o AR, U HOE AR B e M P e A B T
A1 IR (1) 3% B S5 1) A 2 e P R B 23R T W T
FEBE SRR R h 7 Sk A

IEEAESfe, Bl AR AR & R, SETAMNB A
IR R MR A M BN e TR, ) 2 B
FHT 2585636 225012 A A i 2 10 AT LUB A6 LA #5H7
FERE R Fhric, HAEREIRRIFLE & RRNAT 4 2, $2
15 245 0 0 A R B R T AR, DT S BORS HE TR
Sy AEIENIGTT T, ANMAGK AR HR R R
FEREA, HTARIGIT IR, WsiRNAFICRISPR/
Cas9 R4, LMBE syt k14 sy F A5
AN G B AR R IS 2 45U R B K g
W, BERRAEMRIGYY . ST RO v BT i,
AR AL BT RS TR T PR AL TR AT RE M. 7E
ARELER T, FRATD SN K SN T 1 2 KA )
FEGE AR . i2W0 . Wi a7 4uek v 2 48
PRGN ST T AR gs, $2h T Hau
SR IHIE 1% 2 RE R A M E RS ). A&
L5 B E MBI T AR SR A T AN AR i KA AL 5 i
TRZIR WA, 3% T REs Ao JEL s, it — 4 sh oh
WLARGK B 2F AR I RIS FH, DA T I A ) B 245
BARE AL . BEE TR AR AR AR B2, Wit
AN AT R A A SR A 1 2SI 3 453 Hp 43 1
HEM .

1 ANBIRESE SRR AR

AP 2 30 LR ) A= AR A AT A 2R
YirEIhge, (R B AR A U R IR Y A M s AR
Fei A, B TBEIRSUZ AR, SMNMATT DLk A
YR A% T W 2 8 () A WV P I 8 3 s AR 1) 7 W,
AT B HE B A ). [l Rs, AN AT A2
AR AR Z AL YR R ST, A0 LA 5 B (blood
brain barrier, BBB)4, NHLLBIR AYIAY T U H 0
L AL, Sk A Shy el i B s A B v TRl JE A A
IRORFE RN, hEG T AMNIMARIFREAR. V38R0 ANk
PRI 2 BRAEBEAR UL W AN AR 5 KA R 25 A 1 A
YA TR 2RO M AT B S, X A,
D NIRRT A AR LD N p SN0 G YT - S 1 S Y e e
WA S K, e AR P A R, R
T LR TR MM I A B AR (K1),

(1) FMMARFREEM. SMMAR R AL
A e A YA R G AL IR PRI,
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BUB MR R R, W] DL R 5 H ARt i
MEsERES. © ARras G 07 UL R R SN IR SR
T )y ik 22—, 20y 1k SR i Sk S 181 4
TEEGORRALFEIBE T, 501 R REER
H AR TESM AR . SMBRSR & 15T 51846
Ir T Z A5 07 AT R, ALEE E A SR g K
Yese s . WO . PURPURSS S . SRR
Wi SZARFCIRES 545, KRR RAE Y B R B 5 VA 3R AR
A B, S A T ORMUEAE 7, (H AT RE S 32 3 BRI I 3R 152
e, BB 2T B DURFTELSMBR . @
AW IE A el A i i S MM A D RE I
WHNINRE, A B hE R R . A= WIIESS f A A
HAEAWIREVINTESS BRI T, RELL AT HLAR 00
TR TEM, RS T 2R, GLARICIR
BRI, AR, AN D RE S n=F S, %
TR A2 45 5 B AN ARERIC 7 it i TR AN AR SR THT
IR E I RE RN, SEIAKAT R AL 2B . 3 i
DB TS AR, RERSA R m AN A
MR E MR RRIERY. O FEYHR W] IR 1 B 1
SR B AL b | A SN T2 S e e AR
B SNIBA R R P, AR LR S SN IMATE SRR
ISP RRCR AN A, I T LIRS BT S AR Y
. RV AT e BOR TR 5 SN UM AL 15 14 75 T e 2R
HEREYHE ), (BT I —Se PR, Ao . AN
RFE MR AE AR A SE. ARk BF R TR B — A
WG TTIE, SEmsNBIRII I REALAICR, RN R BT
I3 FFRC AL 1] SR, LS I SRS o A S I A 1)

(2) YRR R . 25 N K ORI 3 4 44
KA ANG 25 2 5O I TE A K R AR b, sd i
BrImle . B RREE . RN A T
SR, LIS 2 n R E e . AR . e
PEFIYTF R FBeKiE T2 - AR WA AR 25, dnake
RV WA B NBMA T, TR i T A2
Wy A= R T RE RIS 538, SMIMARRE BB
RFVAT LS AT AR A MIMA B B, 3 A (ultra-
sound, US). 4R M4 (magnetic resonance imaging,
MRI), RNIEEREIE RS (in vivo imaging system,
IVIS) A5 W I FE BRSNS AR L 161, DTS B XA [A] 28
GBS HEIRTT .

() AWM E SNBSS, © REEGRBR
(magnetic nanoparticle, MNPs): i 22K MNPs-5 4 i A
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Figure 1 (Color online) Schematic diagram of exosome-based nanomaterials in diseases

YN YN

Zh4r, RERSSCEBLAUKRM B RL I 5 S AR RS, 455
MNPs 15N RERS (L0 A R 05| & 2 H s f
B, T R 250 SR TR B, I/ R S0 52
2. @ AR RSN IAA A S AN AR R
URAY A Y A B s T R Y T | R SR
S5 AAINBA A TR S, 25 B RAT R DI RE |
A WAL RE R4 1) 0 A JE A W S 8 A 1 22 28 b i
G SNSRI DIC AR | KBRS 4S
B R INB RS XA YRR AR E W R | TR
o FCRME . SR E AR IR SRS 5 S PR AR 4
DFFER R, AEWIRPR R AT LR IR YT

PEOMIMA A7 B, AR fI L REICH 2R, P4 = %
PR IR 7R R0,

HMNMRGUOR I EHE B 4B B2 TR, HR
SRYOKRBEAIRFIE | I o8 I 2 15 A ) o e ) fifi L
TENIREILYT . ALUEE 5 A B 2 A5 S R 3 LD
PR LU IR SR W AR A S0 A R ) A I 5 i
JE(FE D).

(1) Z59sik REGAL. SMNAA A U2 L5 F ] A
ERRAIT NS, FER) . IRZY(siR-
NA/mMiRNA) KRG &R o0 1. Sl A e a8 MG 2
B ROR S LB R 2 i R R A S
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HARM 73 F RGP AT T, I3 524 Y 4t 15
J&, AN PR A X L B R S MR HE . S
bR A 4 )2 TP A e i)y O 25 PR 2B 4 7 24 i
W, [FIRERY, AR RS th AT R Y AMIMAR. TRk
KHILWEE . HRERA . L. @A, Bl
GEB R BN, Hh gk g fLH R 7] fff
mRNA%E AT 1074505,

(2) FEPNAITEIAGIH SRR &, SNBMARIE R AE
5 25 4814 T 55505 15 CRISPR-Cas9 2 48 emRNAYE i ,
HFIRBE A P S A TN T A g A0 gk i
SN IR KALEERT LA A SR B ot 72, DTG 5 f
PERN. X APLEIME S SN IMATE R T E B, B —Fh
AWE| AR Ak, AR IR A SN T VN
AMPEAEmRNAMRERE 2R, S KA etz

(3) PET. S MAR I E EMHC- 1 /1125437
K AERFL R F(CD86), RIS 2 b A DI RE, E%
WS TANML G ). SR 0 4 N A G 75 A i
FhUEIE A, BRI 7Rk A5 v 42 S Sh W d T
M, TE R R Mot R N -, R TAHME bR
R 4.

(4) ALUBE SRS SNMASAYHETER
UFRIRPRIOKBERE . REWSF) A6 T LML 2UE
02 B BB i 4 2L B S ) AN 3 5 4 AL
ik Z R A K T FANIEAS 50, BRAS L U 20 i )
3B TR, (I SEAH IO PR FIIE RS . R A R TR0 S A A
38 o o WA AR S R AR S PR S (A N R AR
[AlF-(vascular endothelial growth factor, VEGF)., &
PP PE S0 AR A B . D RAE . AR R
s, A THS L BER,

2 FET AN AR RHEDR BB

BT

S R ALY Z Y A PR A5 S B, A
SR A T R IR R A 40
G, SRR EATTAT LA A A AR — 22 )50
SV B A S (R AR B B BRI P 1) 2 1 4
WO ITEAE TSR, SR AR bR R s
P B BT LU A (1) BETF % Shi
PRTT LA 1 (B0, FT AR BLIS Y T, M e
RGPV G, AL TAN A 8 1 5
WA T e s P S )y 11 % 9 1),
(2) GREVA T SMIBVCH A S A g i 1 e 2

3892

FEXATAYEH, W TR ST LA 1 6
REATNGROTERE, FIT300T (5 S e e B iR O
)

2.1 iR

FERGE LR, 9OREAR R B K 7,
CINDRC S T p N ag 2y 5] PRl e N & S P é X
SR, ANMARGA KA R S TS ) N R
AT 2505k . S5 ps o Mease iy =l -+, Hh
A 1) Y30 7 R e R B AL T AT .

538 3 L P T AR T B AE AR S 0 e 5 20 A L,
BTt A A bR 2 B DATEAR RS e R A, ok —Fh
A HT S REETRTT RIS, R R MR e 25 AR e
BE, T8 7 AR A #. Ding APSR L
FHYETB, IR S R L TR T
PEFEHL I T 30 G (5 5 BRI, ORI S e 40 Xt
FETERE AT, KA AAERGUK E B M BT LA 55
IR 2 760 3R THT C D47 F P58 6 88 A 11 I ik ok 73 A4 L o
e He A A E P A RELAS, 800G 4 B S, AR il b
Jog R RN R (e A% . Sk A ENEERYBIFST L B BRI G
BT — PN AL B A FL A RGO RL A
3,3'- 5| FH B¢ (diindolylmethane, DIM)FIF%E & (dox-
orubicin, DOX)RYZLiB%, I [a] [y 4 i A1 fses 1200
(cancer stem cells, CSCs), N5 = A NRE R
TERE T —450sA%. S Ab, TEMEHZ A A48 1 )
P 2 53 04 1 R SR8 A R/ INA L Byt A 5 1) S
SRR, 00 i S T 24 A B X B PR R /N A b
HIPAY, DTG S 255 5 A il e 2 AR 4R A s Ak . il
RN A SN AN B R IR e,
JeR il B W TR BT St T AE M S TR . AN IR AR
PORLE T 2L R T . PUR T DL S e
T EIPEH, SRR ) F B I e RS T RE TR AT R
PR, REEACK, WA TR B ) A SN AR G K
PBE, LA AN [F) frfed e S M0 A g R 1 ) A

2.2 HALZRGH

TP RSN FE N K FE U (plants  release exo-
some-like nanovesicles, PENs)#% A miRNA | A5
JET . mRNAFIEE L, AIAREPUAM . PR FALS
A IETE. PENSHURSHCE] 40 i /Al B 5 48 R 40 i A ME
e, S8 40 i ] )3 TR e B G 1 A g 7 4042
5150, PENsPHHAUB A AR de etk . AR AR AT AT
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ARSI E D 25 i ik RGAESFGIT PSR 17T
Z . PENsXT 78 b FE D) SR BCH A 2% B /a1 A
EREpAEA U TRERZI YN i i <o J L Es K N E
SEREFRIIE IS N R LB, 2505 AN AR K
P M= S i = i) 1 S A AN B o = = R N U Sy
YEF, FETUS 5 BUsias i A HEOCHYE . PO R #AEph
(25 e XTI A4V ek o 6 T 7 55 4 A T Py 44 oK
PRI EPIA 25, SEI T AES B AL KD
TE RGNS R, AR T ARG RS I KA.
Fen] P AL TIE S 7 AT k4R 240 B A7 A A AR (Tung
spheroid cells-derived exosomes, LSC-Exo)& ik A
ACE2%ZAK, REHSA A RISARS-CoV-237 i S HAE T,
AR —Fh 10 By B B AR AP AR, AR AP/ INSIY)
BRGS0 (1512). LSC-Exofi BAE N —
o3 O 50 T HRAE A T H B0 1 3 ek A s 7
Y. KourembanasBIFFT A1 BB, 18] 75 1 T4 it
SR A S AT LA 3o A0S 1B A PR R 1 B v PR TP
/N SR S IR

ANIMAR J 0t T ARG A A, G TREfL
AIAURIRL, B fb2: . DB AE P A5 A8 SRR
R, B T T SRR e . SRR . R SRR i
AE(FRY). TEBR TR 71, X AN MR N A YRR

(a) (b)

B ICPITRABTTE, BATTRT LS Gl PR P 14 4
FERAR AL, DATAITT A H BEIIAT 2R Rl SR, Aok
AT 5 2R AR T A A FH AN ) e 1, TF K
HH SRR A SR TR T B, U e ) A
etk

3 FETHNRAT AR RH SR I 5
13Tl IS AR

AU i A B T R AN TS A )
Gy, TZRE A IR, BN IS AT
JERTFE R BARARE ). BFSERI, SNIAHT A A P bs
AR, AR APERAE DTV U MR AN PRI AR AT
PRPPIRAS 15 R, DTS BT o o 1) S A . 3
— B, T AR B A AR AR A2 2L A A S
AT THAFAEBOR BRG], 45 SN 5 AN 5] ) D RE L AT 1)
A R E X BT o0 L 1k AN RE A SEis 3 45
WU RUR R LR ST AR B AR AR T T
AW SR (1) AR ARSI (R ). Shib i
PRSI TG ) T BAT F A R (B Jdad
IR P RSN AR, AT LS SN SRR AE ARG A
ST SR b 4 A AR "SI B S T R TR AE
BWiRER, BRI HRAL T A PO F B AN TUS PE AR

0.6
, > = LSC-Ex0 & z ’ hACE2
T\ — = : < 04 '
1’. ; =) HEE s LSC-Exo
T < »
Lung spheroids id & ) g
cells (LSC) afie o
é 0.2
“ e / ( RBD protein HEK-Ex0
/,\\
W 0.0+ T T T T 1
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Time (s)
¢ :
g d
\‘ . ,?S‘:,g{:‘»ﬁ\. .:‘b\ [ ] ' @ o 5
“ N st N 1 A& &
S it ] ) B 0 NG s
) O N 1 5=
5 SARS-CoV-2 Blood and oral swabs 0S and BAL collection f., ‘2 5
LSC-Exo inhalation challenge (0S) collection sacrifice and necropsy g z
] <
-2h | Day0 Days 2,4 | Day 7 > w-10
2 B l 8= =o- PBS =e= HEK-Exo
g 15 == LSC-Exo

I T T T T T T 1
0 1 2 3 4 5 6 7

Days Post Challenge

B 2 (LR () WA FEEACE2 Kl SN b A H] 87 SARS-Co V-2, (a) flEEAUALSC K LSC-Exof 42 7 4. (b) LSC-Exon]FH |- SARS-

CoV-2{ESs it A. 454 LSC-Exost HEK-ExomirhACE2 5|32 {445 &

SRR

BRBD)HAEYZTHINE. () LSC-ExoXt AT £ i ELSISARS-CoV-2

Figure 2 (Color online) Inhalation of ACE2-expressing lung exosomes provides prophylactic protection against SARS-CoV-2*°l. (a) Extraction
scheme of LSC and LSC-Exo from healthy donors. (b) LSC-Exo prevents the entry of SARS-CoV-2 pseudovirus. A biolayer interferometry assay of the
binding of LSC-Exo or HEK-Exo or thACE2 to receptor binding domain (RBD). (c) Protective effect of LSC-Exo against authentic SARS-CoV-2

infection in Syrian hamsters
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F 1 SMBAF TRASMB AT B BN A

Table 1 Application of exosomes and engineered exosomes in disease prevention

EERAN ) BTSN IR SCHk

VI SE RN A 7S jlas sty e AN [37]

AL ARG AR T HFE . FERS = BITEFLIRE [38]
FBRN YIRS A B AR BRI [39]
INZGANB AR ZER BT HRBAAE [43]
PLerdifezity . A2k BriEm & ARG R [44]
IR A0 A A= SN A VIt DE A B AR EE RS [45]
I 78 B T AR R M s FZERE O AR JeJk T [46]

Q) TEERRGEA. HL A L2 4 (computed  to-
mography, CT)BUL, W LAIRISIMMATEA PR N ) =
Y%, WS WIS AR AR, SRR RS B A
AN 25 ] B E AR A E T HARZ AL . 2 T4
VR B R DY, (3) LEMIME IR, kbt
P T IR R A AR IR as I b, — R T Ak
RGN A W 51 ML 1Y) Pl A2 A W A% SRR 2 R 6% ST BN A
e R R A A A By PR 7T 2 A ARG T, X e AR Ay LA
BWIFEST IR AL TR FBE N (E3@a). @) 7ok
G3AT. DO P NSk O IOGE IRV IR E AL T
JT R DL R 53 DA AR B A D S A, P i AR S A L
2. ENFRBEFREGE N, WEREEBNNEV
G ER 5 2 1 R 5 R Sl P Rl 5 O A A P X A Ak A=
RICAIMIHAT AR D). LR RANB A SRk
HOR 5 BRI 6] 2 G950 19 e i 5512 W v 48 BF 52
HEE.

3.0 iR

PEMRVRTE R UK, % 40 0375 b 5 1 L 240 3 240
fifd(circulating tumor cells, CTCs)FIliFZDNA (cell-free
DNA, cfDNA)FEEESR [ R T s RS, oA
S FH S 4B SR B 400, RE ST VA S e S A 24 i R
F PRSI, ST LAYE A A bR
T E YR I A W Sy T AN A RS i e H Sk
TEARRE AR, SR AT LA3E A 43 B SN 1) 28 Wi A
B RN A e FE g . —Fh G i A g ok
Wik (immune lipoplex nanoparticle, ILN))AE#):05 4
ARAARIC AN, SEBL T XHRRE A S 2 > (&1 3
(b)). SNARLLAT LU T B SR A2, AR % H
FRHRE v AR ) SRR R AT . O TR S W A
0 Ak At R LA R ) — BRI [ A
B FehR, s i ) /N /b (small - extra-
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cellular vesicles, sEV)H, B X miRNAFATICHEIAE
JEA . TCREERG . TCE LA A R, LS X
RIF AR . FLAVE . BRSO i T
TRACOT A BERRRE, JF45 G MRl A R me AL J L T 24 b 45
BRI Y Bk 22 & i (electrochemiluminescence,
ECLY&BMARZR, SCBL T X 5 9 B B K T 4 i o3
) R ARG, (R B e A A R AT 1RGP
FEET, —Fh T4 N ¢ 3 4 (total internal reflec-
tion fluorescence, TIRF)Y ST AR 0T s, T HE
F2 L5 T S 000 37 6 A 5 vl 0 6 A PR 3w S G
miRNAZ 3 (c)). A YIRS Sh e 4 e s
AT E 1 BE ST AH BRI RETE P AE SR, 45 BRI
TEAREE, T T —FBr RGO 09 B 1) 22 50 iE =R
NARZR, T ZUBRIE R IR A SN AR 1 5 R A 2 T Al
(059

AMMERGUR AR G2 R R G, (A5
PRie s LASCERRT 04k, JGHAE e (412 W A i
T (F22).  AMMAIEE BN WL 2 18 2R S fif AR
FE WA I op & ¥ 5 AR D RE, 8 SN A AR
53 BB (s L IE T Sy 45 Fb IRg B AR 4, O
RIVE A A ) IR i 25 ) AR 5. Rk, PR
FE0 IS MR A L ) 256 6 AR A A 5P T T ) kR
P, DU A Ji A Ak i PR R FH A BAT W 7 Y
WA I B

32 R REHN

W LE Y s S n] ATE A 22 R Ge i I i B
e HE LI, 300 T R AN 0] 30 22 eI RESE K
JEAE . WA bR SR e — 28 R Y
B R SR BUE SR IERE. SN R AT R4
FI% 2 B 358 122 0 S R 1 TS5 T RS DI A2 W A= )
RS, — ISR W AR A e (Y tau I TDP-
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lipoplex nanoparticle, ILN)A=H5ik H 47 £ B, (c) F1 FH 2 DN ARHEE XIS AmiRN AT 5 1 4347 (7% 2 ¥

Figure 3 (Color online) (a) Schematic diagram of the principle of highly sensitive detection of exosomes by electrochemical biosensors based on
titanjum dioxide nanotube array films®". (b) Schematic of the immune lipoplex nanoparticle (ILN) biochip assay™*. (c) Illustration of the in sifu
analysis of exosomal miRNAs by using the split DNAzyme probel*!

431 R JRi R (frontotemporal dementia, FTD)AINL - BNVs)H FIEAERE S . FRiRZ AR5 UL K T & APk i
FEAH M ZRAF AL AE (amyotrophic lateral sclerosis, ALS) A LR 5 RS A S, PRI A A 1) K I 2% 25
LW ARG 5L 9K B8 (bionic nanovesicles,  WIFIRIRZRIK. ITLBAESR, BNVs S5 S BE9NKAG I A
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2 SMBACE B AT R TFE B S A2 W b B SR

Table 2 Application of exosome capture and analysis techniques in disease surveillance and diagnosis

SMBIAIHER TR Rl AR P SCHiR

kol kSRS T AR TRg ] RUYEN CT i [49]

R Z BRI S AR BN SR I T RSO JHF [50]

AR A S AR SRS s A AL 2 (RS i RN 78 [51]

G BT PR GOR TR A= s b G v SNSRI R TAT ¢ B iR [54]
SIRDNARERETHEA FARSNBA S BT DN A S T

O RALTE P, YRR L S B ENSPE I DS AT ¢ MR ZR . U E B [58]

I S 1) A S SN A, GBI E 5T S LI [59]

REFRIZOLIRIC, XTFMBAEST &5 R i 0

(L5, IR LRI . Fea b . Akt
FERRAS AT . RGPS U . AR RS .
B IRAE,  IIRERER AL T — R T & 00
ST G AR 8 SN IMAA R C I — b B 4 R
BEUR 2 B 4 9N K U SN IMAR EA TR iC RS R T 5.
X FRIC 7 ik B A R aE R AN TE #0282 R G Y
BE AR BEE RO E AR YK ARt R,
A R SAE IR PRI N XIBNV ARSI, eI AR TE 46
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Figure 4 (Color online) (a) Illustration of construction and targeted delivery of aptamer-functionalized drug-loaded Exos (termed Apt-Exos-D)I7®).
(b) Diagram of the preparation process of T4-MmEVs!''”). (¢) Quercetin (Que)-loaded mAb GAP43 conjugated exosome (Que/mAb GAP43-EXO)

inhibits ROS production by activating the Nrf2/HO-1 pathway, alleviating ischemia-reperfusion injury in rat models

[138]
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Table 3 Application of engineering exosomes in the treatment of diseases
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As a predominant type of extracellular vesicles (EVs), exosomes are nanoscale membrane-bound vesicles with a diameter
ranging from 30 to 150 nm, characterized by a phospholipid bilayer structure. Almost all cell types are capable of secreting
exosomes, which are ubiquitously present in a variety of biological fluids. By carrying specific molecular cargoes,
including proteins, nucleic acids, lipids, and metabolites, exosomes play a crucial role in facilitating intercellular
communication. They are implicated in a wide range of physiological and pathological processes, such as immune
responses, viral infections, metabolic regulation, cardiovascular diseases, neurodegenerative disorders, and cancer
progression. The biogenesis of exosomes primarily takes place during the transformation of endosomes into mature
multivesicular endosomes (MVE), wherein the inward budding of endosomal membranes gives rise to intraluminal vesicles
(ILV). Subsequently, MVE fuses with the cell membrane, releasing ILV into the extracellular environment, thereby forming
exosomes.

Owing to their nanoscale size, exceptional biocompatibility, high biological safety, capacity to transport multiple
bioactive molecules, and ability to traverse various biological membrane barriers, exosomes have emerged as key players in
the biomedical field. Specifically, when functioning as endogenous nanocarriers and therapeutic agents, exosomes
demonstrate distinct advantages in the field of precision medicine. The core features of exosomes can be categorized into
three dimensions. (1) Biological intelligent adaptation system: The inherent characteristics derived from host cells confer
exosomes with natural immune evasion capabilities (biocompatibility) and precise targeting functions mediated by ligand-
receptor interactions. (2) Versatile drug-loading platform: Their phospholipid bilayer structure enables the simultaneous
encapsulation of chemotherapeutic agents (e.g., doxorubicin), nucleic acids (siRNA/miRNA), and protein formulations,
facilitating combination therapies and enhancing disease treatment efficacy. (3) Dynamic regulatory network: The
membrane structure of exosomes permits modulation of drug release through alterations in environmental conditions (e.g.,
pH, temperature), thereby achieving precise therapeutic outcomes. These exceptional biological properties and medical
potentials have positioned exosomes as prominent candidates within the medical research domain.

In recent years, the rapid advancement of nanotechnology has facilitated extensive research into exosome-based
nanomaterials for drug delivery systems, attributed to their distinctive physical and chemical characteristics. The surface of
exosomes can be engineered to incorporate specific molecular markers, thereby enabling targeted recognition and binding
to diseased tissues. This enhances the bioavailability and efficacy of drugs, facilitating precise treatment strategies. In the
context of gene therapy, exosome nanomaterials have been investigated as efficient carriers for therapeutic nucleic acids,
aiming to repair or modulate gene expression. These applications underscore the significant potential of exosome-mediated
nanomaterials in the medical domain, particularly in tumor therapy, tissue engineering, and precision medicine, paving the
way for advancements in personalized medicine and precise treatment paradigms. In this review, we systematically
summarize the advantages and disease-related application examples of exosomes and exosome-mediated nanomaterials in
the areas of medical disease prevention, diagnosis, monitoring, and treatment. By comprehensively analyzing the
development and application of exosome-mediated nanomaterials, we highlight the significant contributions made by
scientists to address the numerous challenges currently encountered in this field. This review aims to provide researchers
with a more profound understanding of exosome-based nanomaterials, stimulate potential new research directions, further
facilitate the clinical translation of exosome nanomedicine materials, and thereby accelerate innovation and advancement in
the biomedical domain. As research deepens and technology progresses, it is anticipated that these materials will play an
increasingly critical role in future medical practice.

exosomes, nanomaterials, engineering, disease diagnosis, disease prevention, disease therapy
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