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Progress of extracellular vesicles in tumor radiotherapy resistance regulation and

sensitization strategies

LIU Xuan? GUAN Chengnong'*
!(The First Dongguan Affiliated Hospital of Guangdong Medical University, Dongguan 523106, China)

*(Guangdong Medical University, Zhanjiang 524023, China)
ABSTRACT  Extracellular vesicles (EVs) exert dual roles in tumor radiation resistance (RR) and
radiosensitization. On one hand, tumor-derived EVs transport miRNAs (e.g., miR-1246, miR-21), long non-coding
RNAs (e.g., NORAD), and proteins (e.g., pATM, Survivin) to regulate DNA damage repair, cell cycle, and apoptosis
pathways, thereby promoting RR development. On the other hand, EVs, leveraging their inherent properties as
nanocarriers (biocompatibility, targeting capabilities, and blood-brain barrier penetration), serve as an ideal delivery
platform for radiosensitizers. Engineering strategies (e.g., surface modification, CRISPR/Cas9 loading) can further
enhance EVs' targeting and functionality. Additionally, EVs influence radiotherapy efficacy by modulating the
immune microenvironment (e.g., PD-L1 transfer, M2 macrophage polarization), exhibiting a double-edged effect of
"immune activation" and "immune suppression". Despite their immense potential in personalized radiotherapy
sensitization, clinical translation faces challenges including large-scale production, standardization, and safety. This
systematic review summarizes the molecular mechanisms and application progress of EVs in regulating tumor
response to radiotherapy and enhancing sensitivity, offering new insights for optimizing radiotherapy strategies.
KEYWORDS Extracellular vesicles, Radioresistance, DNA damage repair, Radiosensitization
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A ERIEAE S8 T B 7 5 2022 4 3 R T RE s 1)
151998 J3 5, BET= 2 974 J5 510, A fir 98 475 2k
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gy 77 3\, 41 50% R R E AR IR T i AR R
Pe sz RT™ . I PR b, RT £ 248 40 6 97
(External beam radiotherapy , EBRT) , B[} i 1ot B 2% Jini
S AR ) e R R AR A MR 4 . RO UK
‘@";“\EEPTL%?A/\?H\/\MS%#&MET??UE Z
Fm, 34y A 2 WO 0T K Bt (Radiation
resistance,RR) B R RGN J T fE A R
DAL, TR N 8 B RR (1) 73 AL SR IR 2 A O 0T
WK, O R 24 1T IR IR T R T T I
ZH it 41 & 9 (Extracellular vesicles, EVs) #2 i 5 %
TR BERIT ST #45, FEELAE A 30~2 000 nm, BE 8 4%
7 2R 1R 1% B2 (miRNA L IncRNA .mRNA) . fIg Jii &
AU A 20 M 5] 388 TR 1) B B2 A 5T, EVs 78
JRE A R A e R TR B R T T 52 TR R HE B
M7 w5 B], EVs W]id i 142 DNA $if5 12 5
I i B TR R TR Sl B E ML 2 5 RR B
B T AR A SR R e M R
U A AR AR EVs B0 A 2 A L N FH A1 5% 1R 7

MBS TG

A B B EV's 26 RR o 0 45 L) B
SCHOR 97, 45 O 06 55 W PR TS 97
S T S0 7 05 (.

1 ERESNEIEMEMIFRIE S 5 FIhEE

EVs /& — 28 4 i 3= 30 73 ik - DA IS U2 S A0,
FEGUR GG, AR T IR PRI M 25
Z PRI, Re AR 5 A R 12 2 P AR )
PEV IR . AR FLAE IR R Bl S, EVs E 8
0N 3 K. A W AR (Exosomes) . Bl HE ¥
(Microvesicles) F1{# T /MA& (Apoptotic bodies) » H:
W AN IR B AR — N 30~150 nm, FEE H 2 ik
(Multivesicular bodies , MVBs) 5 41 i JIE il & 5 B i
AL, Y HT SR NIRA R —KEVs, S 52
A TR EE AR SO Y K AR Y B B (50~
1,000 nm) , = 2 o 41 i 5 EL 42 A1 B 1 s I T2/ R
WU ER R AR R P PR BE T I 4B BT 2R A, BLAR AT 1~
5um™, R = FHAETE L 5 K Dh e EAE
FEZE S, T Sl E R AR EVS™ (B D

TE I8 Bl B0 858, i JR3 R U 1) EVs (Tumor-
derived EVs, TEVs) 1] i id #4312 miRNA . IncRNA . £§
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Fig.1

Structure and biogenesis of extracellular vesicles (EVs mainly include exosomes, microvesicles, and apoptotic bodies, which

differ in biogenesis pathways and characteristics)

EVs in radiation resistance & radiatiosensitization strategies
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B2 4A A FEIEAE IR T HR S5 S B A XCE AR R = B (EVs ATl 4% DNAE 5 S A 9 08 00 8% freie Jse 80 45 444
TR BT HEST: RIS, TREA BVs I8 Al AR s 1A B , SClBOT 84 80, B XU T 8107 F A
Fig.2 Schematic illustration of the dual roles of extracellular vesicles in tumor radioresistance and radiosensitization (EVs
contribute to radioresistance by modulating DNA repair, cell cycle, apoptosis, and immune responses, while engineered EV's can
serve as delivery vehicles to enhance radiosensitivity, highlighting their "double-edged sword" role)

2 RSN EIBAEMERTIRIPIER
AL

RT 3 2585 175 5 DNA #5477 « BH it 20 g J& 391 %
I R B R R U P R AR N (EL L RO 2 IR T
RS R fiRR[mo EVs YN {5 B A% I 1
LA B, AN IEHZ ME 52075 5 RRIE K.

{E /3 7E Z /2, EVs Ff miRNA . IncRNA % £
JoAE S5 R B 0 2 7 =X B AR s 1 7 T S 4
P E ROy FARAE 22 7. R T IE Ak 22 8 M
5 RNA 45 & & 1 (RNA-binding proteins, RBPs) J&
B G AT B T B 0 T 5 18 5 52 AR 40 i T e
P . )4, tRNA ) D-loop & 1fi - hnRNPA2BI H’a
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H (¥4 4 BEAH IR SH-SYSY 41 J BE JsU 1K EVs 1,
P53 pATM CBERR A6 FL 57 2K T B 40 1ML 4 7k R AL R
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Wiy 1) e W, 40 e R R S -DNA-N- K 2 b i
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SR A B A7 TS e 0

060101-4



R FEEE: SNSRI AE MR T HRAT IR S R e R I T

2.3.2  JEZH AL RNA 6935 42

EVs A1 /) miRNA £ 7 - i 4% o A W EAE .
—J7 I, fEJ8UT 5 » EVs #5717 1) 5224 miRNA (41 miR-
208a) n] I A2 98 T2 8 1 (Wl PARP1.Bax) 3f |
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8 5 N HOT FARPLRE 01 B — T, A
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P DT 2 32 iles H Fr A s g e

zi LTk, EVs i@ it i % DNA #4515 5 41 i
JAAS AR AP T2 7K, 46 RR b A8 % 04 .
B 1 B IR, R S 28 F PR 555 (1) B 28 492 RR (1)
HEIAN, AR N AR AE §3.3 TRk — 2 Ak (
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Fig.3 Molecular mechanisms of extracellular vesicle-mediated tumor radioresistance (EVs promote radioresistance by delivering
specific nucleic acids and proteins that enhance DNA repair, regulate the cell cycle, inhibit apoptosis, and facilitate immune evasion,
collectively reducing the efficacy of radiotherapy)
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244 4

AN 7] i 983 SR U5 ¥ EVs 78 RR ML b & FLARRAE
(#2). NSCLC-EVs: LAJE T 5 G s b i N & 5
CRC-EVs: DL A J& # =5 %8 5 TGF-B/EMT ¥#i& A
F: GBM-EVs: UL DNA 12 52 3 5 fil G 2 4 1) Oy 3=

X 2 AR, o SR A X AN [A] iR 28 7R e 4 Y
A TBOT S R WS o 9 4, #E ) EV-PD-L1 FH I 4
7% 3% % . %) CAF-EVs ff) miR-93-5p-FOXA1-
TGFB3 %, 5{ T- 71l GBM-EV /5 i) DDR-ncRNA K|
2%, 5 AR T UT T RRURS TR

#1 EVsiEirRd Cargo RHAERYTHGTH KIME AN 24

Table 1

Summary of key cargo transported by EVs and their mechanisms in radiotherapy resistance

Cargo KM RFST
Cargo type Representa-

BE R/AE B R

Target/signaling pathway

T A 11

Cancer type exam-

inesi R

Functional outcome

tive molecule ple
miRNA  miR-1246  $E[ DRSGFET- 244 S) MG U@ EE  H0HI 40 IE T, B 3R A2 0 /N e
Targeting DR5 (Death Receptor 5), in-  Suppresses cell apoptosis, enhances ~ Non-small cell lung
hibiting apoptosis pathways radiation survival cancer (NSCLC)
miRNA  miR-21 oKzl M2 B ARAL ] G BRI, I 59 T80T RONE figruiliors
Drives M2 polarization Suppresses immune microenviron- Glioblastoma
ment, weakens radiotherapy eftects (GBM)
miRNA miR-208a $075] p21 A1 AKT/mTOR 3l i P 3t it A M B 5, e/ D AR O il
Targeting p21 and AKT/mTOR path- Promotes lung cancer cell prolifera-  Lung cancer
ways tion, reduces apoptosis
miRNA  miR-199a-5p #'i] EEPD1 % DNA 12 5 & %)% Esopha-
Targeting EEPD1 Activates DNA damage repair geal squamous cell
carcinoma (ESCC)
IncRNA  HI19 N p53 g VAR T /
Inhibition of p53 pathway Reduction of apoptosis
E A5 pATM W% DNA 45473 8% DDR il % Jni% DSB 155 28 BT R
Protein Activation of DNA damage response Acceleration of DSB repair Neuroblastoma
(DDR) pathway
4=l MGMT/ &5 ki f DNA 4540 FRRYTI % JB 5T RE2H S g8
Protein APNG Repair of alkylated DNA damage Induction of radiation resistance Glioblastoma
(GBM)
K2 ANFRFERIEEVs FEBOT RIS T HIZ R
Table 2 Differences in mechanisms of radiotherapy resistance among EVs from different tumor origins
i Rg 251 RN EVs cargo FEHLH R
Cancer type Representative EVs cargo  Main mechanism References
AE/NgnpfufififE  miR-1246, EV-PD-L1 FPHIPE T (R R DRS) e #6 i (PD-L1/PD-1 4D [9, 48-50]
NSCLC Inhibits apoptosis (targeting DRS), immune evasion (PD-L1/PD-1 axis)
4 E i miR-93-5p, miR-590-3p  #3E TGF-B/EMT Ji it , 55 43 401 fifd J& 3 [51, 52]
CRC Activates TGF-B/EMT pathway, reshapes cell cycle
JBE R miR-21, RADS1, Ku70/80 1455 DNA & &8 /7. 38 zh M2 Bk 1k [9, 14, 53]
GBM Enhances DNA repair capacity, drives M2 polarization

3 HRESNEREARUTIEEINMRER 31

BRAE RRIE B AR AL, EVs R e AR A
R EONEOT T BN T Y R RO TR S A O JE %, AT 1Y

Ve A G028 S5 R SR R
iﬁ& E‘J%ﬁ@ﬁ]ﬁ A2 6[5475510

ET EVs BIBR/ 250k SR
VBN RAIRGK B A, BVs ] $E ) 3 38 A% R 2 4y

iR R 40 M T BB . A I FRUE S, AN R SK
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U EVs, JGH 25Kk 3 8] 78 Jit + 41 il (Mesenchymal
stem cells, MSCs) Bl /it 88 AH G4 JL KR 1K EV s, 751
5 MR T R B R AE B EAE A . W1, CAF-EVs
W & miR-93-5p, WS 45 e TGF- 3 #% , (e 3£
I7 R 325 . S5, Wan S5 R F L 2R B, Gl
MSC-EVs i#: 1% miR-34c , B¢ 4 R0 ] S M i 2 iy
(I TE T B X TR0 B 2 e . Ak, B A
e, R BUT BB MSC-EVs 8325 76 T SR I , 1%
FEWE A S 5 3 A R R AR R T, 38 T e i
MSC-EVs T2 R €15 5 0 FAE RS 57,
S8 R ST T R T A B B R

g5 BRI, BT EVs [ 251835 SRS B N
TR BT HLtE R B E T )

3.2 TREHEVsIEEFLEMMTIEEM
Nt — B 52T EVs FETRUT 1 B0 AR R 280

W7 CIF R 2 Fh TR0 SR , 045 R TH A1
B R TAE 08 K& e AR E RS . TRATFB
N EVs [ 50T 34 808 FH SR 4k 7 SR By T Sk . A
FHHE R AR A 22 A8 4 7 325, AT AE EVs R TH g 7w i
R0 L 1) P A4 (0 RGD IR o Fr Be &), W 35 1 5 L
TEMP IR A E 1) & SRR T, T 1 R S 2 DI B
BT BRSO R, @A 5 ke o IR
(41 Lamp2b.CD63) % 73, A UE 5L AT 458 EVs [
PR RIS 5 R
IR, ATV RO 7T 2% CRISPR/Cas9 & 4t
HAEEVs 1, B ThRe M R . il 0, @it
EVs j#i i% CRISPR/Cas9 % 4t i { KRAS 5 48 7Y
NSCLC 4 ffd 7 () FAK 2 [, 7] 5 5 B \2 (1) DNA 4
A5 I 38 550 X TBOTT I BUB A . 1X 28 TR EVs
(1) SR M AN B AL T 2 4 B 10T S BOP L, Ok
HEMMAIBITIRHE TH T RGR3).

#®3 LIELEVs BURIT B SRT Lo

Table 3 Comparison of strategies for radiotherapy sensitization using engineered EVs

TR EENS HORTB Mo JRI PR
Engineering  Technical approach Advantages Limitations
strategy
RIMEM AR R U 2 AR &1 SEm R AL e T ST RS A B RR R, AT RER I EVs R
Surface Chemical conjugation, lipid insertion, & gés
modification ligand modification Enhances tumor targeting; enables ~ Complex process, may affect EV sta-
binding with radiotherapy targets bility
EHNgmi  EAMAIE I R R miIRNA/E  Cargo SRIEFRE , AT MU & H R B R Al R
Geneticen- H Stable cargo source, scalable pro- Potential biosafety concerns
gineering Overexpression of specific miRNA/ duction
protein in donor cells
difptigk WL E R RRL L E A SEIARTT TR 2R A PHMEAMR, 52 J7 54 EVs

Drug loading Electroporation, ultrasound, freeze-

thaw, co-incubation delivery

MERLS  SAORBRL KBRS &

Material hy- Hybridization with nanoparticles/hy-
bridization  drogels

NLEVs  FIFIELH s 07 A4y vk 2%
Artificial Membrane assembly or biomimetic
EVs fabrication

Enables chemo-/radio-sensitizer co-

B3 EVs R 8 T, SEA AR N - 5 1Y
Improves EV stability, prolongs
half-life in vivo

A, UL P TR
High controllability, scalable pro-

duction potential

Limited loading efficiency; some
methods damage EVs

TEEA In R A L =
Complex process, challenging clini-
cal translation

5 RIREVs Z Al i vPAL
Differences from natural EVs re-

quire further evaluation

33 EVsNESRERIMMEE

JRCT AN R B SR A e 3 4 D, 3 e i R T
I 98 A D% 40 iR AT 452 405 A 5% 23 1 20 (DAMPs ) 805
Fa P S B, SR, TEVSs 7658 5 N BT 1) 53 b &
A Cargo 41 K A 2 2 AR 4K, BT A 169 i Bt i R e

P, WAL HE T AR (B 4) o ARIE AR F 40 2K
RN G B S SR B, i R] 7 9 A 1k e %

NI
3.3.1 AR TR

(DM FARGHML (DCs) - 4t 5, TEVs & #4%
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Fi (4 dsDNA cGAMP) Fl DAMPs, 7] il it cGAS-
STING B¢ TLR 15 5 #3 DCs , (i i2E 51 J5 28 ik 52
TR 803 7= A8, DT 3 58 8007 1Y fe 92 3 Ak
L SR, 34 TEVs #5747 Trex1 . caspase 3/9 4
2yf, B i #H 32 MDSCs/Tregs 43 4 IL-10. TGF-B,
AL DC L 8 MHC %32 , Bl 55307 S8 20
e, T S i 52 o (BRI, R SR IR
c¢GAMP 7} 1] 4 EVs #1252 DCs, JBUK STING /55,
X — 18 B AE BT - S W [ U DG e o,

(2) B W 40 il (TAMs) » TEVs & 7 miR-21.
miR-1246 %5 Cargo, 1 JX 3] TAM [A] M2 4 3% #ifl) &
RIW Ak, 4 STAT3/PI3K-AKT %5 3@ i 43 W 1L-10.
TGF-B, M i G P2 40 ) 5 02 158 A B AR 10 h
B R X SR AL 2 B T AR BT A (E R
FITRIT REMS B 04 TEVs B0 W& 54y 7t , 1
TETBUT I 50 TAM AR AL  Hl 55 G 328 A P B e 8 2k
AT BEPEAE AR 07 . H AT, JBUT-TEVs-TAM 2 [H]
(R EENLRESE A IR, A R — 2o

) FF PRI . TEVs A 42 3F N2 %4 452 4101 1
P R 20 i 43 A 3 5 NETs T8 i, 38 1 B il 8
1 PR £ R 70 T 4 M Th e IR i R A5 4R
S5 N AT 33— 25 B CXCL-# 16 5 & M 2% Cargo,
I S

(D AR (NKOGHE . #4> TEVs fER [ £
1% NKG2D B A sl #5717 TGF-B A 4] 14 miRNAs (41l
miR-23a) , Al FHNK 41 i NKG2D "~ J 2 ki )
AESZPH, HI 55 A B #0 1E7 RAE H AT sk =
BRI — 2 5807 555 1 NK US4
FE U, (HiZALHI 278 TEVs 0] RE7E — & FE R IR 1
JRT A P NK A5 Bt e 8 250

(5) YR 4001 21 ffs (MDSCs) . TEVs A 3 i #%
i PD-L1. TGF-p /% miRNAs ( #fl miR-21/miR-155
)23 MDSC )91 5 % 2 4| Th g , JE4 ) DC
B Bt 5 B, AT ) 55 P08 G e TRTT
7531 20 I W 5 CCL2/CCR2 &5tk il b i i —
AP HEGE MDSC 54 515101,

332 #EEHEE

(1)CD8* %M T 415 CD4* T/Trego T 75
S TEVs 1 PD-L1 ¥ i, @ik B 845 4 CDS T 4l
0 2 T 52 A, A1) 200 B B v 1t Cn B UKL B B 40
W NI CD69 k), IR T 75 5 1) F 722 I

PERONT o I R A SR R B 5 S 303 Wi DR 20 o e 5
=B SR AL TBUT JE 0 EVs  PD-L1 /K~
Ttim, 5E R EIEA RAHX, 32/~ 1E# EVs H PD-
L1 AR A S B RR AU (1938 75 AR AR B FEXS
M, DC-EVs I A PR -MHC B &9, 35858 X 2
i35 CD8*T 4l f i , 7k I B0 28 (2 10E vy . bk
&b, TEVs #515 [f] TGF-B.IL-10 /2 miRNAs ( {1 miR-
214/miR-208b) AENE 3 Treg #7143+ #1#1 Th1/Th17 %
A, 33— 20 B 551807 F5 BIPUME G R

(2)B 41 i 5 18 15 % B 41 i (Bregs) . TEVs 1]
7% 3 Bregs 77 Wb IL-10, [B] B2 #1 ] CD8*T 5 DC i
PES R N2 23R TE Vs HIRR U & Cargo , iX
— IR REE— D R B A A T AT G Rz
FEPU IR RS, 5 5 T “ T80T B 4% 51 98 B 4l M oA
W UESEA A R TS RR IR T
333 IEH5R%RT

TEVs 1E 0T J& 3 I X0 7] 61 34 8« — J7 Tl i
ik dSDNA-cGAS-STING A4t iR i 2 it S e s 4k,
F—Ji 1, #3d PD-L1 ¥ .M2/MDSC/Treg #ft.
NK E3E A3l S, NI 3K 30 RR . 8 75 T Pl s
ALFE : (D 2K EVs 4 3% STING #3071  siPD-L1
B AW T miRNA , JEOK I8 G 58 B 1% 5 ek 55
G ™5 (2) WE I 95 3K EVs cargo (41 PD-L1+
miR-21/miR-1246) N 0T Bk & S 29715 I B 5T
2 A (3] I J8E nSMase2/Rab i #& i 2D G J2 101
i 1% TEVs B i 8¢ F| F§ DC-EVs. NK-EVs %5 “F i
EVs” S B G e i B ARk .

34  IEREUEIRSHEA

EVs K H TREAAT W RS RIREV A AENE
I G2 5P R L [ B2 B8 01, R IR ¥ T A
BET B2 R
3401 A HMBEKEY

RAREVs A w20 57 4 Ak 2% 245 ) CUn Bl 25 25 It
B %1% (SIRNA/MiRNA) K R G (£ ),
388 5t 4 S Y M S R ) w4 . i, A
EV's 15328 I 411 AT 306 4 B 39 1 24 141, 17 AR08
i (4 HER2 affibody K [ J& 75 ) 1 — 25 52 7 g A1
. T IR AR B, EVs-Jlg i AR b & Uk i 3
14325 [ 5 25 5 GM-CSF , 75 I8 e A58 vp S B AT -
Go B W R RBE , BBV T S BB s
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Immune // l Immune
resistance / : enhancement
@ @ |

miRNA Neutrop

Cytotoxic

//
@ \_// § T cell

NK cell

El4 JRIT-EVs- 92X RSB 7 2 B OROT T eSCR R 40 EV's ) 236 N2 Cargo 2H B, EV's — 77 T i 1 28 S 2 4 i D g
At G AN 5 53— 77 T P ORE 0 328 52  AE T 20 S SE , 384 58 0 PR S, AR L T 81 4 DD
Fig.4 Schematic illustration of the double-edged immunomodulatory effects of radiotherapy-induced EVs (Radiotherapy alters the
secretion and cargo composition of tumor-derived EVs, which can either suppress antitumor immunity by modulating immune cell
functions or enhance immune responses through antigen presentation and T cell activation)

342 WERELBEE w4 FYDIR 25 3 R EVS[NCT01294072 11 % 3iF

H A, &3k 05 2 0 EVs 325 713t T EARISIE R AT AT . IX SRR 5T N EVs MSEER 5
B (&4 . i, §m KRAS G12D j@zm SIRNA-  EMIGKRBE 7 HEAl.
EVs[NCT03608631 ]7£ i i Ji i o o tH vl 5 1

R4 EVs RTREAATEYITEREERL IR RS s RBT 7L

Table 4 Preclinical and clinical research examples of EVs and engineered derivatives in tumor drug delivery

KA B FLr/ T RE P/ 32 A Wtk B PMID/NCT %i 5
Type Cargo Target/function Model/subjects Research stage ~ PMID/NCT ID
L2254 5 % HEK2903 4RGN 74k :SKBR-3/BT2040H: Ikl 30925190
Chemotherapeutics Doxorubicin 87k $E R :NA Preclinical

HEK293-derived, en- In vitro: SKBR-3/BT20 cells;

hanced tumor selectivity in vivo: NA

2254 YA EWRgn ki k% &5 : MDCKMDRI1 401 ; ity N 26586551
Chemotherapeutics Paclitaxel 2 245 P : Lewis M@ B8 Preclinical

Macrophage-derived, In vitro: MDCKMDRI1 cells;

overcoming multidrug  in vivo: Lewis lung cancer

resistance metastasis model
22y 5% FYIEVs RO fA5h: A2780CP 4111 ; Il R T 35592860
Chemotherapeutics Cisplatin i 24 PPN - P SR S A RS AR AR A Preclinical

Milk-derived EVs, re-  In vitro: A2780CP cells;

versing ovarian cancer iz vivo: ovarian cancer xeno-

resistance graft model
siRNA KRAS G12D  # i) S48 5 K TR Wi G« e % 1 il i g S8 7S NCT03608631
siRNA Targeting mutant gene  Clinical: metastatic pancreatic Clinical
silencing cancer patients
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sk
KA ek FLI/DRg A2 AR LR B PMID/NCT % 5
Type Cargo Target/function Model/subjects Research stage =~ PMID/NCT ID
miRNA miR126 I PTEN/PIBK & R4k : AS49 4L ; i A i 31833519
Inhibition of PTEN/ A A « Jifijiz 57 i A% R ALY Preclinical
PI3K pathway In vitro: A549 cells; in vivo:
lung cancer xenograft model
KRR ED LR TP EVs H iR i% Wi PR = IE%% B 45 e J6 I R NCT01294072
Natural compounds Curcumin Plant-derived EVs, oral ~ Clinical: healthy and colorec- Clinical
delivery tal cancer patients
THHLEV EVs- IR Lk a5 2/GM- R Py B P I e A5 A I PR I 32999828
Engineered EVs Rl kL CSF In vivo: metastatic peritoneal ~ Preclinical

EV-liposome Co-delivery of doxoru-
hybrid parti-  bicin and GM-CSF

cles

carcinoma model

¥ : PMID R] 7E PubMed 1] , NCT 4“5 I 7E Clinical Trials.gov 25 1 AH ¢ I AR IR I6AE 2.«
Note: PMIDs can be searched on PubMed, and NCT numbers can be used to find related clinical trial information on ClinicalTrials.

gov.

343 BUBHKREEHT G

JUE TS, EVs 325 R G0 1 s A5 20 -
(DR A = S AR LA B () 25 3 3 5 0
KA RS QOB HN S K2 2 A
B (O I B 5 R E R R A EEY . EVs &
H TR EZ R AL Im R LA AT 5 (BT 75 5
2 1\ PR AT AF F0 AN LI R 6 56 F 22 A VA AL
PESATHAENE . G5B GUKEIR B A 0 o
TRE%EZ %R TF B EVs A B AEMRA BT 3 8%
BG 2R IE T SEHUIm R S

4 REERE

E Vs 1F >y 4H i 18] 45 S5 4% 38 1) 25 B2 o, 7 il 8g
RR ¥ 5 00 i v R ¥ 45 0L ff (. — 7 T,
IR KR EVs T8 1% DNA #5515 52 L 40 o J&) 399 2%
PE T IE RS HLE], R RRIE s 75— J7 1T, EVs tHE
& BT ikE 17, el TR s R 224
ITROT SEBEAR . A RTITE T AR R HOCEE A (]
T2 1 F 5 R o B alih K IR IR AL S . R
K, EVs B BAELLT JLANTT 1A SEBLR B 5 B &
COMUFRNGT T < 8 HE A 2 2 2250005, iR AN A
Jigg 2R EVs A5 RR (1) G843 T I 45 5 (O HiAR
PR L = R AR HEAL I BV 2 B B 5 T
REIRAEF & , B H AL AR = Sl R B 5 (3R
IT RIS AL : A BT IR T BRI T S 2 B
B RE EVsHE NP R B 7 1 s AL 5

s (DFFHEER 2R - S5 SRS EOR, M EVs
PR EV TR BT KL 48 T ANEALIR T 3R, SEIL
225 W -5 R T T

EV's 7 OB 50T i 25 B BT 72 K% 38 1806 T SR
TR P BT R AR . B QKR A R
5 G TRESE U N #5825, EVs A7 B ON BT
— AR BOT AR T R TG, R EIT R
55 e TG S T A8 i

fe# T AW 38 757 & B U R AR O
il ERRATF A BRI FAEHEHA
B[R] 32 5 Bl B 44 UK

SE3H

1 Filho A M, Laversanne M, Ferlay J, et al. The
GLOBOCAN 2022 cancer estimates: Data sources,
methods, and a snapshot of the cancer burden worldwide
[J]. International Journal of Cancer, 2025, 156(7): 1336-
1346. DOLI: 10.1002/ijc.35278.

2 Kaur R, Bhardwaj A, Gupta S. Cancer treatment
therapies: traditional to modern approaches to combat
cancers[J]. Molecular Biology Reports, 2023, 50(11):
9663-9676. DOT: 10.1007/s11033-023-08809-3.

3 Rakotomalala A, Escande A, Furlan A, et al. Hypoxia in
solid tumors: how low oxygenation impacts the “six rs”
of radiotherapy[J]. Frontiers in Endocrinology, 2021, 12:
742215. DOI: 10.3389/fendo.2021.742215.

060101-10



R FEEE: SNSRI AE MR T HRAT IR S R e R I T

10

11

12

13

14

Zhou J Y, Lei N J, Tian W J, et al. Recent progress of the
tumor microenvironmental metabolism in cervical cancer
radioresistance[J].
999643. DOI: 10.3389/fonc.2022.999643.

Jalali-Zefrei F, Mousavi S M, Delpasand K, et al. Role of

Frontiers in Oncology, 2022, 12:

non-coding RNAs on the radiotherapy sensitivity and
resistance in cancer cells[J]. Current Gene Therapy, 2025,
25(2): 113-135. DOLI: 10.2174/
0115665232301727240422092311.

Chen W J, Wu Y L, Deng J J, et al. Phospholipid-
membrane-based nanovesicles acting as vaccines for
tumor immunotherapy: classification, mechanisms and
applications[J]. Pharmaceutics, 2022, 14(11): 2446. DOI:
10.3390/pharmaceutics14112446.

Farzam O R, Eslami S, Jafarizadeh A, et al. The
significance of exosomal non-coding RNAs (ncRNAs) in
the metastasis of colorectal cancer and development of
therapy resistance[J]. Gene, 2025, 937: 149141. DOI:
10.1016/j.gene.2024.149141.

Zemanek T, Danisovic L, Nicodemou A. Exosomes, their
sources, and possible uses in cancer therapy in the era of
personalized medicine[J]. Journal of Cancer Research
and Clinical Oncology, 2024, 151(1): 16. DOI: 10.1007/
s00432-024-06066-w.

Ripoll-Viladomiu I, Prina-Mello A, Movia D, et al.
Extracellular vesicles and the “six rs” in radiotherapy[J].
Cancer Treatment Reviews, 2024, 129: 102799. DOI:
10.1016/j.ctrv.2024.102799.

Mohammadi A H, Ghazvinian Z, Bagheri F, et al.
Modification of extracellular vesicle surfaces: an
approach for targeted drug delivery[J]. BioDrugs, 2023,
37(3): 353-374. DOI: 10.1007/s40259-023-00595-5.
Wang N, Ma F, Song H, et al. Mesenchymal stem cell-
derived  extracellular  vesicles for  regenerative
applications and radiotherapy[J]. Cell Transplant, 2025,
34: 9636897241311019. DOI: 10.1177/
09636897241311019.

Battistelli M, Falcieri E. Apoptotic bodies: particular

intercellular

DOI:

involved in

2020, 9(1): 2I.

extracellular  vesicles
communication[J].

10.3390/biology9010021.

Biology,

Fatima A, Sanyal S, Jha G K, et al. The enigmatic world
of tear extracellular vesicles (EVs) - exploring their role
in ocular health and beyond[J]. FEBS Letters, 2025, 599
(10): 1346-1372. DOI: 10.1002/1873-3468.70004.

Kumar M A, Baba S K, Sadida H Q, et al. Extracellular

15

16

17

18

19

20

21

22

23

060101-11

vesicles as tools and targets in therapy for diseases[J].
Signal Transduction and Targeted Therapy, 2024, 9(1):
27.DOI: 10.1038/541392-024-01735-1.

RAR, WRSCE, XU T . AR DU E iR BT
N[ 4 S E 5L 5 RO T2 F R, 2017, 35(3):
030102. DOI: 10.11889/j.1000-3436.2017.r1j.35.030102.
LI Junjun, TU Wenzhi, LIU Yong. Advances of exosome
research in cancer radiotherapy and chemotherapy[J].
Journal of Radiation Research and Radiation Processing,
2017, 35(3): 030102. DOI: 10.11889/j. 1000-3436.2017.
11.35.030102.

Liu Y J, Wang C. A review of the regulatory mechanisms
of  extracellular vesicles-mediated intercellular
communication[J]. Cell Communication and Signaling,
2023, 21(1): 77. DOI: 10.1186/s12964-023-01103-6.
Zhang N Q, Shu L Z, Liu Z L, et al. The role of
extracellular vesicles in cholangiocarcinoma tumor
microenvironment[J]. Frontiers in Pharmacology, 2024,
14: 1336685. DOI: 10.3389/fphar.2023.1336685.

Dai J, SuY Z, Zhong S'Y, et al. Exosomes: key players in
cancer and potential therapeutic strategy[J]. Signal
Transduction and Targeted Therapy, 2020, 5(1): 145.
DOI: 10.1038/s41392-020-00261-0.

Théry C, Witwer K W, Aikawa E, et al. Minimal
information for studies of extracellular vesicles 2018
(MISEV2018): a position statement of the International
Society for Extracellular Vesicles and update of the
MISEV2014 guidelines[J].
Vesicles, 2018, 7(1): 1535750. DOI: 10.1080/20013078.
2018.1535750.

Mir R, Baba S K, Elfaki I, et al. Unlocking the secrets of

Journal of Extracellular

extracellular vesicles: orchestrating tumor

microenvironment dynamics in metastasis, drug
resistance, and immune evasion[J]. Journal of Cancer,
2024, 15(19): 6383-6415. DOI: 10.7150/jca.98426.

Hang Y, Huang J Y, Ding M M, et al. Extracellular
vesicles reshape the tumor microenvironment to improve
cancer immunotherapy: Current knowledge and future
prospects[J]. International Immunopharmacology, 2024,
140: 112820. DOI: 10.1016/j.intimp.2024.112820.

Wang L W, Wang D, Ye Z M, et al. Engineering
extracellular vesicles as delivery systems in therapeutic
2023, 10(17):
€2300552. DOI: 10.1002/advs.202300552.

B E, Mognato M. Biological

applications[J]. Advanced Science,

Busato F, Khouzai

mechanisms to reduce radioresistance and increase the



WM A SEMS T2 % 2025,43:060101

24

25

26

27

28

29

30

31

32

33

efficacy of radiotherapy: state of the art[J]. International
Journal of Molecular Sciences, 2022, 23(18): 10211.
DOI: 10.3390/ijms231810211.

Chen T Y, Gonzalez-Kozlova E, Soleymani T, et al.
Extracellular vesicles carry distinct proteo-transcriptomic
signatures that are different from their cancer cell of
origin[J]. iScience, 2022, 25(6): 104414. DOI: 10.1016/j.
isci.2022.104414.

Shurtleff M J, Yao J, Qin Y D, et al. Broad role for YBX1
in defining the small noncoding RNA composition of
exosomes[J]. Proceedings of the National Academy of
Sciences of the United States of America, 2017, 114(43):
E8987-E8995. DOI: 10.1073/pnas.1712108114.
Temoche-Diaz M M, Shurtleff M J, Nottingham R M, et
al. Distinct mechanisms of microRNA sorting into cancer
cell-derived extracellular vesicle subtypes[J]. eLife,
2019, 8: e47544. DOI: 10.7554/eLife.47544.
Villarroya-Beltri C, Gutiérrez-Vazquez C, Sanchez-Cabo
F, et al. Sumoylated hnRNPA2B1 controls the sorting of
miRNAs into exosomes through binding to specific
motifs[J]. Nature Communications, 2013, 4: 2980. DOI:
10.1038/ncomms3980.

Xing J L, Stea B. Molecular mechanisms of sensitivity
radiotherapy[J].  Clinical &
Experimental Metastasis, 2024, 41(4): 517-524. DOL:
10.1007/s10585-023-10260-4.

Mutschelknaus L, Peters C, Winkler K, et al. Exosomes

and resistance to

derived from squamous head and neck cancer promote
cell survival after ionizing radiation[J]. PLoS One, 2016,
11(3): e0152213. DOI: 10.1371/journal.pone.0152213.
Véquaud E, Desplanques G, Jézéquel P, ef al. Survivin
contributes to DNA repair by homologous recombination
in breast cancer cells[J]. Breast Cancer Research and
Treatment, 2016, 155(1): 53-63. DOIL: 10.1007/s10549-
015-3657-z.

Tortolici F, Vumbaca S, Incocciati B, et al. lonizing
radiation-induced extracellular vesicle release promotes
AKT-associated response in  SH-SYSY
neuroblastoma cells[J]. Cells, 2021, 10(1): 107. DOI:
10.3390/cells10010107.

Burko P, D’ Amico G, Miltykh 1, et al. Molecular

survival

pathways implicated in radioresistance of glioblastoma
multiforme: what is the role of extracellular vesicles?[J].
International Journal of Molecular Sciences, 2023, 24(5):
4883. DOI: 10.3390/ijms24054883.

Dutta S, Warshall

C, Bandyopadhyay C, et al.

34

35

36

37

38

39

40

41

42

060101-12

Interactions between exosomes from breast cancer cells
and primary mammary epithelial cells leads to generation
of reactive oxygen species which induce DNA damage
response, stabilization of p53 and autophagy in epithelial
cells[J]. PLoS One, 2014, 9(5): €¢97580. DOI: 10.1371/
journal.pone.0097580.

Sun Y C, Wang J Z, Ma Y, et al. Radiation induces
NORAD expression to promote ESCC radiotherapy
resistance via EEPDI1/ATR/Chkl signalling and by
inhibiting pri-miR-199al processing and the exosomal
transfer of miR-199a-5p[J]. Journal of Experimental &
Cancer Research, 2021, 40(1): 306. DOI:
10.1186/s13046-021-02084-5.

Liu Q S, Xin L, Ma X N, et al. Dual role of targeting

Clinical

NAE!1 in nasopharyngeal carcinoma: Antitumor effects
yet inducing radiotherapy resistance[J]. Heliyon, 2024, 10
(17): €37219. DOI: 10.1016/j.heliyon.2024.e37219.
Pawlik T M, Keyomarsi K. Role of cell cycle in
mediating sensitivity to radiotherapy[J]. International
Journal of Radiation Oncology, Biology, Physics, 2004,
59(4): 928-942. DOI: 10.1016/j.ijrobp.2004.03.005.
Vismara M, Zara M, Negri S, et al. Platelet-derived
extracellular vesicles regulate cell cycle progression and
cell migration in breast cancer cells[J]. Biochimica et
Biophysica Acta (BBA) - Molecular Cell Research, 2021,
1868(1): 118886. DOI: 10.1016/j.bbamcr.2020.118886.
Jiang M J, Chen Y Y, Dai J J, et al. Dying tumor cell-
derived exosomal miR-194-5p potentiates survival and
repopulation of tumor repopulating cells upon
radiotherapy in pancreatic cancer[J]. Molecular Cancer,
2020, 19(1): 68. DOI: 10.1186/s12943-020-01178-6.

Qu P, Shao Z A, Wang B, et al. miR-663a inhibits
radiation-induced epithelium-to-mesenchymal transition
by targeting TGF- B1[J]. Biomedical and Environmental
Sciences, 2022, 35(5): 437-447. DOIL:  10.3967/
bes2022.059.

Zhang J, Li H D, Liu Y, et al. Targeting HSP90 as a novel
therapy for cancer: mechanistic insights and translational
relevance[J]. Cells, 2022, 11(18): 2778. DOI: 10.3390/
cells11182778.

Elmore S. Apoptosis: a review of programmed cell death
[J]. Toxicologic Pathology, 2007, 35(4): 495-516. DOI:
10.1080/01926230701320337.

Li Y L, Huang L Y, Chen Y C, et al. Irradiated cell-

derived exosomes transmit essential molecules inducing

radiation therapy resistance[J]. International Journal of



R FEEE: SNSRI AE MR T HRAT IR S R e R I T

43

44

45

46

47

48

49

50

51

52

Radiation Oncology, Biology, Physics, 2022, 113(1): 192-
202. DOTI: 10.1016/j.ijrobp.2022.01.036.

Khan S, Jutzy J M S, Aspe J R, ef al. Survivin is released
from cancer cells via exosomes[J]. Apoptosis, 2011, 16
(1): 1-12. DOIL: 10.1007/s10495-010-0534-4.

Reichert S, Rodel C, Mirsch J, et al. Survivin inhibition
and DNA double-strand break repair: a molecular
mechanism to overcome radioresistance in glioblastoma
[J]. Radiotherapy and Oncology, 2011, 101(1): 51-58.
DOI: 10.1016/j.radonc.2011.06.037.

Tang Y T, Cui Y Y, Li Z P, et al. Radiation-induced miR-
208a increases the proliferation and radioresistance by
targeting p21 in human lung cancer cells[J]. Journal of
Experimental & Clinical Cancer Research, 2016, 35: 7.
DOI: 10.1186/s13046-016-0285-3.

Konishi H, Hayashi M, Taniguchi K, et al. The
therapeutic potential of exosomal miR-22 for cervical
cancer radiotherapy[J]. Cancer Biology & Therapy, 2020,
21(12):  1128-1135. DOI:  10.1080/15384047.2020.
1838031.

Yuan D X, Xu J P, Wang J, et al. Extracellular miR-1246
promotes lung cancer cell proliferation and enhances
radioresistance by directly targeting DR5[J]. Oncotarget,
2016, 7(22): 32707-32722. DOI: 10.18632/oncotarget.
9017.

Fang J C, Rao X R, Wang C J, et al. Role of exosomes in
modulating non-small cell lung cancer radiosensitivity[J].
Frontiers in Pharmacology, 2024, 15: 1471476. DOI:
10.3389/fphar.2024.1471476.

WuY J,FuH C, Hao J W, et al. Tumor-derived exosomal
PD-L1: a new perspective in PD-1/PD-L1 therapy for
lung cancer[J]. Frontiers in Immunology, 2024, 15:
1342728. DOI: 10.3389/fimmu.2024.1342728.

Wu B, Huang X, Shi X, et al. LAMTORI decreased
exosomal PD-L1 to enhance immunotherapy efficacy in
non-small cell lung cancer[J]. Molecular Cancer, 2024, 23
(1): 184. DOI: 10.1186/312943-024-02099-4.

Zhang Y L, Lyu N, Li M S, et al. Cancer-associated
fibroblasts: tumor defenders in radiation therapy[J]. Cell
Death & Disease, 2023, 14(8): 541. DOI: 10.1038/
s41419-023-06060-z.

Lin Z J, Li G Q, Jiang K, et al. Cancer therapy resistance
mediated by  cancer-associated  fibroblast-derived
extracellular vesicles: biological mechanisms to clinical
significance and implications[J]. Molecular Cancer, 2024,
23(1): 191. DOI: 10.1186/s12943-024-02106-8.

53

54

55

56

57

58

59

60

61

62

060101-13

Pasqualetti F, Miniati M, Gonnelli A, et al. Cancer stem
cells and glioblastoma: time for innovative biomarkers of
radio-resistance? [J]. Biology, 2023, 12(10): 1295. DOI:
10.3390/biology12101295.

Silva R O, Haddad M, Counil H, et al. Exploring the
potential of plasma and adipose mesenchymal stem cell-
derived extracellular vesicles as novel platforms for
neuroinflammation therapy[J]. Journal of Controlled
Release, 2025, 377: 880-898. DOI: 10.1016/]. jconrel.
2024.11.060.

Guo C H, You Y Q, Chen J B, et al. Exosomes and non-
coding RNAs: in  Alzheimer’ s
pathogenesis  and Metabolic
Disease, 2025, 40(1): 84. DOI: 10.1007/s11011-024-
01520-7.

Chen X J, Liu J Q, Zhang Q L, et al. Exosome-mediated

bridging the gap

therapeutics[J]. Brain

transfer of miR-93-5p from cancer-associated fibroblasts
confer radioresistance in colorectal cancer cells by
downregulating FOXA1 and upregulating TGFB3[J].
Journal of Experimental & Clinical Cancer Research,
2020, 39(1): 65. DOI: 10.1186/s13046-019-1507-2.

Wan F Z, Chen K H, Sun Y C, et al. Exosomes
overexpressing miR-34c inhibit malignant behavior and
reverse the radioresistance of nasopharyngeal carcinoma
[J]. Journal of Translational Medicine, 2020, 18(1): 12.
DOI: 10.1186/512967-019-02203-z.

Shan C, Liang Y, Wang K, et al. Mesenchymal stem cell-
derived extracellular vesicles in

cancer therapy

resistance: from biology to clinical opportunity[J].
International Journal of Biological Sciences, 2024, 20(1):
347-366. DOI: 10.7150/ijbs.88500.

Zhao X Y, Wu D L, Ma X D, et al. Exosomes as drug
carriers for cancer therapy and challenges regarding
exosome uptake[J]. Biomedicine & Pharmacotherapy,
2020, 128: 110237. DOI: 10.1016/j.biopha.2020.110237.
Zhao S, Di Y F, Fan H L, et al. Targeted delivery of
extracellular vesicles: the mechanisms, techniques and
therapeutic Molecular Biomedicine,
2024, 5(1): 60. DOI: 10.1186/s43556-024-00230-x.

Al 'Y W, Guo C X, Garcia-Contreras M,

applications[J].

et al.
Endocytosis blocks the vesicular secretion of exosome
marker proteins[J]. Science Advances, 2024, 10(19):
eadi9156. DOI: 10.1126/sciadv.adi9156.

Zhang H, Qin C, An C, et al. Application of the CRISPR/
Cas9-based gene editing technique in basic research,

diagnosis, and therapy of cancer[J]. Molecular Cancer,



WM A SEMS T2 % 2025,43:060101

63

64

65

66

67

68

69

70

71

2021,20(1): 126. DOIL: 10.1186/512943-021-01431-6.
Zhang Z F, Liu X, Chen D W, et al. Radiotherapy
combined with immunotherapy: the dawn of cancer
treatment[J]. Signal Transduction and Targeted Therapy,
2022, 7(1): 258. DOI: 10.1038/s41392-022-01102-y.

Guo S Y, Yao Y H, Tang Y, er al. Radiation-induced
tumor immune microenvironments and potential targets
for combination therapy[J].
Targeted Therapy, 2023, 8(1): 205. DOI: 10.1038/s41392-
023-01462-z.

Signal Transduction and

Manoochehri H, La'ah A S, Babacizad A, ef al.

Extracellular  vesicles in cancer immunotherapy:
therapeutic, challenges and clinical progress[J]. Asian
Journal of Pharmaceutical Sciences, 2025: 101065. DOI:
10.1016/j.ajps.2025.101065.

Storozynsky Q, Hitt M M. The impact of radiation-
induced DNA damage on cGAS-STING-mediated
immune responses to cancer[J]. International Journal of
Molecular Sciences, 2020, 21(22): 8877. DOI: 10.3390/
1jms21228877.

Wang Q Y, Yu Y, Zhuang J, et al. Demystifying the
c¢GAS-STING pathway: precision regulation in the tumor
immune microenvironment[J]. Molecular Cancer, 2025,
24(1): 178. DOTI: 10.1186/s12943-025-02380-0.

Liang J Q, Yin H. STAM transports STING oligomers
into extracellular vesicles, down-regulating the innate
immune response[J]. Journal of Extracellular Vesicles,
2023, 12(3): e12316. DOI: 10.1002/jev2.12316.

S, X, SKECT, & FLASH BUR & 9% HL &
AT IR RIWE A R (] R WAL S AR 2R,
2023, 41(2): 020101. DOI: 10.11889/j. 1000-3436.2022-
0074.

WU Xun, LIU Ruifeng, ZHANG Qiuning, et al.
Radiobiology and treatment plan progress of FLASH
Journal of Radiation Research and
Radiation Processing, 2023, 41(2): 020101. DOI:
10.11889/5.1000-3436.2022-0074.

Lin F, Yin H B, Li X Y, et al. Bladder cancer cell-secreted

exosomal miR-21 activates the PI3K/AKT pathway in

radiotherapy[J].

macrophages to promote cancer progression[J].
International Journal of Oncology, 2020, 56(1): 151-164.
DOI: 10.3892/ij0.2019.4933.

Qian M Y, Wang S B, Guo X F, et al. Hypoxic glioma-
derived exosomes deliver microRNA-1246 to induce M2
macrophage polarization by targeting TERF,IP via the

STAT3 and NF-«B pathways[J]. Oncogene, 2020, 39(2):

72

73

74

75

76

77

78

79

80

81

82

060101-14

428-442. DOTI: 10.1038/541388-019-0996-y.

Zhang X, Shi H, Yuan X, et al. Tumor-derived exosomes
induce N, polarization of neutrophils to promote gastric
cancer cell migration[J]. Molecular Cancer, 2018, 17(1):
146. DOI: 10.1186/s12943-018-0898-6.

Shinde-Jadhav S, Mansure J J, Rayes R F, ef al. Role of
neutrophil extracellular traps in radiation resistance of
invasive bladder cancer[J]. Nature Communications,
2021, 12(1): 2776. DOIL: 10.1038/s41467-021-23086-z.
Zhang F Y, Mulvaney O, Salcedo E, et al. Radiation-
induced innate neutrophil response in tumor is mediated
by the CXCLs/CXCR2 axis[J]. Cancers, 2023, 15(23):
5686. DOI: 10.3390/cancers15235686.

Hosseini R, Sarvnaz H, Arabpour M, et al. Cancer
exosomes and natural killer cells dysfunction: biological
roles, clinical significance and
immunotherapy[J]. Molecular Cancer, 2022, 21(1): 15.
DOI: 10.1186/s12943-021-01492-7.

Zhang Y, Hu R M, Xi B X, et al. Mechanisms of

implications  for

senescence-related NKG2D ligands release and immune
escape induced by chemotherapy in neuroblastoma cells
[J]. Frontiers in Cell and Developmental Biology, 2022,
10: 829404. DOI: 10.3389/fcell.2022.829404.

Li H Z, Chen X, Zheng S S, et al. The expansion of
MDSCs induced by exosomal PD-L1 promotes the
progression of gastric cancer[J]. Journal of Translational
Medicine, 2024, 22(1): 821. DOI: 10.1186/512967-024-
05611-y.

Yu S L, Jiang S S, Zhou Y, et al. Impact of radiation on
exosomes in regulating tumor immune microenvironment
[J]. Advances in Radiation Oncology, 2024, 9(8): 101549.
DOI: 10.1016/j.adr0.2024.101549.

Zhang J, Wu J M. The potential roles of exosomal miR-
214 in bone metastasis of lung adenocarcinomalJ].
Frontiers in Oncology, 2021, 10: 611054. DOI: 10.3389/
fonc.2020.611054.

Lyu C, Sun H F, Sun Z Q, ef al. Roles of exosomes in
immunotherapy for solid cancers[J]. Cell Death &
Disease, 2024, 15(2): 106. DOI: 10.1038/s41419-024-
06494-z.

Hu Q, Chen S, Deng R L, et al. Exosomal PDLI
suppresses the anticancer activity of CD8 T cells in
carcinoma[J]. Cellular
Pathology, 2024, 2024: 1608582. DOI: 10.1155/2024/
1608582.

Ahn M, Mun J G, Han Y, et al. Cancer cell-derived

hepatocellular Analytical



R FEEE: SNSRI AE MR T HRAT IR S R e R I T

83

84

85

extracellular vesicles: a potential target for overcoming
tumor immunotherapy resistance and immune evasion
strategies[J]. Frontiers in Immunology, 2025, 16:
1601266. DOI: 10.3389/fimmu.2025.1601266.

Mortezaee K, Majidpoor J. Extracellular vesicle-based
checkpoint regulation and immune state in cancer[J].
Medical Oncology, 2022, 39(12): 225. DOI: 10.1007/
$12032-022-01837-2.

Zhou G, Gu Y, Zhu Z, et al. Exosome mediated cytosolic
cisplatin ~ delivery  through clathrin-independent
endocytosis and enhanced anti-cancer effect via avoiding
endosome trapping in cisplatin-resistant ovarian cancer
[J]. Front Med (Lausanne), 2022, 9: 810761.

Lv Q J, Cheng L L, Lu Y, et al. Thermosensitive
hybrid

chemoimmunotherapy  for

exosome-liposome nanoparticle-mediated

improved treatment of

86

87

88

060101-15

metastatic peritoneal cancer[J]. Advanced Science, 2020,
7(18): 2000515. DOI: 10.1002/advs.202000515.
Shami-Shah A, Travis B G, Walt D R. Advances in
extracellular vesicle isolation methods: a path towards
cell-type specific EV isolation[J]. Extracellular Vesicles
and Circulating Nucleic Acids, 2023, 4(3): 447-460. DOI:
10.20517/evena.2023.14.

Huang C, Li H, Zhang Z Y, et al. From mechanism to
therapy: the role of MSC-EVs in alleviating radiation-
induced injuries[J]. Pharmaceutics, 2025, 17(5): 652.
DOI: 10.3390/pharmaceutics17050652.

Liu M W, Li H, Xiong G F, et al. Mesenchymal stem cell
exosomes therapy for the treatment of traumatic brain
injury: mechanism, progress, challenges and prospects[J].
Journal of Translational Medicine, 2025, 23(1): 427.
DOI: 10.1186/s12967-025-06445-y.



