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(extracellular vesicles, EVs) ZEAE A1 GUE S IR Gl )0
FUIEA3 1 A4 7 T R B LR 1 A EVs 7ER N2 5
PR ITRCZ IR . KRB BEAR RS I IE K EVs TE4 1
HRAVE i B BF I 38 3 e 7 pHL L [ 553 1 48 (reactive oxygen
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JRCET 2 240 LA A BT A0 M 4 5 R A 22 TR RE , AT A AL
PRIE AS o (RS EVs ) AN 5 1 il A,
BUEVs MELLTEA 1S A 0T B, BRI T EVs IR RS AL K
BT

SRR IR IF R HE EVs BRI HA RAFA DA
] B R B R AR E TSR EVs IR RS 1R
FRAR K BER AT =4 2 ALG5 R S KRR S i A
YIRS R, 2 ORI EVs (ERARE & o EVs 8
K BERGEHE 5T, ANAN RE A AU A A A T8I 4 77 B I 1), 3 A
U L AE RS EVs 2580 R D) R S¢ 81 , 9 5 AR P 220 e
ST /KBERE B9 EVs 253 2258 0 52 A% MERTPE Y Im i I R G 7
Peftt T S B SR AR T 5

ASCRTELGAR T3 1B 1 EVs RIS 1EFPLH 2
EVs 7K EEME A8 2 J5 12 S R RE R W AL , JF R e &2 A
Py A A T RN o DU T AT A 5 F A 52 D5 s f A
WESH ML
1 BFHOREREVs EERIR

EVs J& th 41 32 Zh sl vl sh B i B 254 )iz A AE T
PP A 2L BRI BER S v o AR AR A LR O R =
Tl AL SR P20 N N R - 2 A AR, 2
P 20 M R R, 22 AR EBROE | 2R 1T 2 CD9
CD63 S5 DU RS AR 1 , AT A% IR 2 H S P, 70
G v o A% 388 20 K IR 45, TR A I A 58 5 JRE S 5
e, oy AN B IS 2 TR T AR, e R AR B S
AT RS S5 SRR M AR B, S e R T 2 5 A
AR AL P ZFEHSUR G S T2/, b T i R AR R
YT B AN A R R AR IO 22 R L RE B a4
JLTE 3k LA sl S A 9, M AL IR i A R A W Fig
VTR EVs A Z2 R0 A BRI, 70 0 1 4 9 280 e 755 4141
FEA IR S5 PR e B 22 S A
1.1 FkE THMAEAARERSZm o Like,
HHETH T 0 @& 05 0 T4l EVs 2RI T MSCs ik
i 141 }fg (embryonic stem cell, ESC) i 472 RE T 41 }Y (in-
duced pluripotent stem cell, iPSC) . MSCs 1] DA M E-4i HE A
it R B AE Z R U R BRI . MSC-EVs il #5717 £ 5 Y
AR BT (U VEGE \bFGF) Fr s 41 e [+ (Un [L-10 . TGF-B)
LoDy aeE miRNA (M miR-21 . miR-126) , % $£ 43 7] 1 494
PEO5 OV b A AR AT N o el B DR 5 R B, R
MSCs SMIBIRTE K Jik 58 4 15 5 e 52 v Ji 30 e 2 I 0, G
AE S R R R B R KRR R, DR TSLP
FIIL-33 02 RN T, Zef e NIk B AR . LAk, MSC-EVs
PR R Kty |, I 7 MSCs T A AR Wl A RS4RI
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Fig1 Sources and structure of extracellular vesicles for wound healing

Extracellular vesicles are structurally based on a lipid bilayer membrane, with antigens and adhesion molecules on the membrane surface, and

carry molecules such as nucleic acids, proteins, and lipids within their interior.

H MSCs WK [ 12 77 155t 4180, AR B4 00N, HL ATl 2 iAo b
ST SR LR A EVs BRBERTRE . IR RIS
S B, 3k AL B B n] 3 — 2 4k MSC-EVs i {5 B
TIfE . Hit K R T B B MSCs M A4 IR 96 Ok Rz
JPR A ARSI e R B 32 410 % B 5 ) 1 T 4 440 444
B ER AR R A A RE T, s T A AN A SR
22 B ESC K R 19 4 W R & E 1 miR-200a fig % # m)  i
Kelch Ff ECH AHSCER 11 1 Feik , DI fifE B3 6 4% R -7 E2 AH G
T2 BRI, SeTh P S T G o 3 —HLRIAS [
TR P A A AR SR T T ELAR S TN R
R B 3 AR Ay R DG ) T AR TR 1) T R
S DR R R B VR i 4 B4 180 e A IV 52 1) 7 A5 B
il HILZ R ,iPSCHRIFE EVs(iPSC-EVs )i i 1A 20 Jfd 1 2 72
ARAG , DT R RE T I oh 88 1 4 B T R, {HFC I PR 9 40 L 3R
PR ST 55 R FHAT V0048 P2 M A BT o Levy 25 BIF 58 %6
B ,iPSC-EVs il id i 5 M2 B B W A0 Mo b Ak , 8 1T 48 S e i
IR, L PRI I AR TR o A 5 O P 7 A 0 i
JRIE R, BEAh,iPSCAE A A IR AN il HL 4% B AT iy e de v
I A A: 7= B85 T IR
1.2 GREMEMSKRIE gk iing BVs 25 o 0
A RIS 5B E 4R, BEAREGashHE
FRUAT S E - HD R 6 M1 2R R () R 19 4 M2 R
o M2 50 5 200 A IR A 47 A e T 2 R I I A e
VR G B SR, i B0 il 45 101 G P ) J0E RN . Kim
SETIE ST FEEA , M2 I A0 AR YR A1 I A ) s % CCL22
CCL24 F MFG-E8 % K, 5 3 /K P L I 20 Jif 38 8ty M1 [
M2 5 3 | B8 SR A5 403 R 30 G S8 SR B, o o 8 R T 1R N £ 21
A

b I 40 L A1, 89 14 T 41 i (regulatory T cells, Tregs)

55 bR A MR TR Y EVs W0 5 1A G AR MR B AR .
I L Tre g A 54 M WA A — T3 T AT ¢ B2 200 e S P B B,
o YR Efy G ] M2 FRA A AR 1 SRAE 5 55— Ty il B A
BT AEAN A5 N B AR A T o M DR 3 1 A
HATR A IL-6 3235 ST+ M2 E WA i L 491, O 0] S A k005 1
Ao MR A U A Y BT A AN AL
ARV TNF-o 355010 1L-5 1L-8 S5 R 73R 35 S LA
YA T, B AE B Bk A5 10 A58 1 v i) S5CSR 22 A P 1
BIE

1.3 FEAESRIE IR EVs 7E4 DB 245
WP SCHE A . A ORI OR IR EVs BETE i 2 R AL
T U IE e B ST . AFSE R, AR BT AN IR Tl
4 B A1 5 5 P8 7 B (extracellular signal-regulated kinase,
ERK) \c-Jun 20 5A S W45 (5 58, Horh  ERK1/2 38 Y
3% X 0K 3 3L 4 )R 2K H B -1 (matrix metalloproteinase-1,
MMP-1) # f #2350 S SC 8 , m] i E 5 7 o 08 5 20 R i 8
WAL, 57 B B 20 B G5 o6 T R T A A L ) TL-6 33K
T a- 3 WLIL3N 3 EH (a-smooth muscle actin, a-SMA) %
K 4R 7R FCAEAR SR8 S 1 [m] Asf T e 40 i ok B2 9 £ Ak Al 3R 7
PN B AL 40 i R 1 f A0 0 4K miR-182-5p 3 5 #E 1) 45 5
PPARG mRNA (¥ 3" UTR FF il He ik , fiff B PPARG X 44 g
FEFE RG], IF V2D T W MMP-1 ZF 4B R 1 145
55 20 B A% AR SC L D B 3k, I £ 4 8 PR 1 T A
B AR B, JnHOnE R B T ) BT A AR L T A AN R D5
EVs WS 50 DB 45 . E B UEF 2 240 i >k PR 1Y
EVs AL b P42 70 A 1 R 7 10 s 25 BRI, G iR 2T 4k 2
5 R A A e E A, A E 1 g, A B R 4
BT RS LE R T A YA YT R

1.4 EAMEHRIE B R =L ES, /R R
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W R 5 AR A0 B 5 AR ZUR TR EVs, RLEA RBUR A
IR BT ) Rl G BN PR, i 45 LA EVs
KIRARUHRZR 7 0], A R L3R T 2Rt
2 EVsEHORE&EHERIERIE

i A e — ALk HA Y (9 A 3 B A X — i 7R
G 4 & B BB 1k ] A I G G e
B, EVs 8 #5070 TEAN TR B BOK HERS e
P (Fig 2) .
2.1 JbMER AER RIS B L iR A FTEE il
RGN I BB 1 HE— 25 L i R N7 B O ) G
IR EVsTES 1A IR0 A 45 G AR T, s /M i
W% 9"%12'§(platelet—rich plasma exosomes, PRP-Exos) , & & il
ANBR R A A PR A P B A A PR S TR BB 1
I3 Ak i, RS  , PRP-Exos filt W & 45 4 % 1435 4358 i
T IR ), 334 568 M0 6 96 RE 7, 70 R BT R A5 s B v
X PRP-Exos (14 480 A0 VR SE IR B - W1 IR /K B P 1 o e ) 445
ZELY30 s, JF 0 H A
2.2 REH SAEBIRHUATE B A K IR ZH S G

Blood
vessel
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Hemostasis phase

Proliferative phase

WrBe, i AR L R AE 2B A A R . EVs TE DA A /Y
S RE 0 T S 90 R A g A MG SR Y A gk R AR SR, DA
K b IR A 52 AR AR 538 %, R A i A E T IR 5 G A
B OCHEA BT, BEIER T, AJBE A MSCs AP 4 3 F 34
TNF-a . IL-1B 2542 48 P I _E 3 TL-10, 411 il TLR4/NF-B 38
B BE O, Wl 3 5 | RS ) ST 5 A i 0 1 ey, T i
HR AR 200 M T T 2 AR A6 B A N2 R TR A, 390 A W DR 15
FIIB M RRERTS o BEAh, B A0 A SR R A SN b A 1 FL A 4
F49 miR-21-3p 45 S P 400 1 W 1% i A5k g 21 () 9 A 6 A
(phosphatase and tensin homolog,PTEN)i’%ﬁ I40G PIBK/AKT
fE i, 1 VEGF Kik e vk g A= 1. R 8 NF-«B
3 5 o 4 D SRR TKKB, Rl /b TNF-a il IL-6 (14 53300 , 22 fiff v
B 04 P9 K A SR A S, S s 10 A phy R 30 1) 1 A 401
L PEITE SR, g LR, EVs il Z2 40 L Z2 38 5 A B
() 425, A 3 aek B AR E et S i S R T e e e A
MR T SR m

2.3 HEZEER  HAE IR0 TR B YOG BT B, A
5 LT AR 20 M 5 5 e S A L B B AR RS S R A
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Fig2 Extracellular vesicles promote wound healing

IL-1B: interleukin-1 beta; IL-6: interleukin-6; TNF-a: tumor necrosis factor-alpha; ROS: reactive oxygen species; IL-10: interleukin-10;

TGF-B1: transforming growth factor-beta 1; Coll: type I collagen; Col3: type Il collagen; VEGF: vascular endothelial growth factor; PDGF:

platelet-derived growth factor.
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PAKOBAE M TG . EVs VE b 20 7] 38 5 19 G R A 5, 3 b
VA RLEE AN | 7 5 AN B B 00 A8 PR B AN Y T B B
FIHESN A ZUR Az o AR 2 200 B 2 ) 1 40 P S0 25 5T (exctracel -
lular matrix, ECM)& A0 5 B 400, Wu S0 UBFSE W, i er
AN Vs 0] B A2 it B AT 4 A i RO 3G S 1R RS, O b
P& MMP1 . MMP3 #1284 it 5 2 11 (type TT Collagen, Col3) 4§
R IR R A S ECM S8, BoBr kg & 30— b
B EV——1T B 4K (migrasome ) , i T 2 40 i /e 1T 72 3d A vp
R & CXCLI2 585 5401, el i 55 431 O =X 32 ]
AN RS 5 10048 A 1, T B A e 1L A
TP A AR R 22— B AL I 5% I Y5 4/ 8 {403 1t 3286 3% miR-
21-3p & JICET 2k 40 A AP B 41, 3 3 70 ) PTEN 5 Sprouty
() 5 1 B PR 2 35, DA A 5% 0 24 X PI3K/Akt Al ERK1/2
WP SR AN Y B S AR, A R Ak
UL BRI IE RO AN R 3R S AR AT .
6P 206 A 05 % R T o U ) P A R R A TR A
HE L A B, IR R D @ . A iPSC R Y MSCs
AN IAA (hiPSC-MSC-Fxos ) [ B T A1 1 i 45 P 1z 41 At 7 348
L5 1M A W 25T 1, 48 FH B IR I A% S U o Z8 | EVs
i 1 2230 % | 22 ¥ A5 DI R R s AR Ak AN L RO B AN it K
LA PN R AR AT A L AR BE 05 1 A B A 2 SR

2.4 EEBH 7EONEEE N EBY, EVs il JE R ECM 1Y
PRI, e W TR R ) o B G H R A
Y AT 5 i D IR A DTS R R HES . Zhang
SElSIRE 5T Fe BT, AT 1 MSCs 3 U8 149 41 0 4K 7T 58 1ot 336 2%
miR-21-5p 5 miR-125b-5p, #811] TGF-B 3Z 14, BHLIKT TGF-B 15
5 30 I U WL T 2 A0 43 Ak, B ek TR e e B
A A LT 465 Y3 A, S ECM MR 9, IR T ke
PR B MSCs ZM WA B & miR-192-5p, A] #i) IL-17RA -1 751
T Smad2/3 BEER AL, F I a-SMA |, Coll K Col3 133k , #l
T T 2 240 L 1o JL 4T A 4 B A3 A DR I TR S O . £
L EVs it Z @t E T AT gi b (5 S s, Bk 0
LA AR TR IE B S

3 KEREREVsHERRE S EaEMmA AN

3.1 KEEAEVsEERPERKRE EVsHTOHLEBE
Il PREG Ak P (1918 52 AL AR 52 22 07 I 24 . KAK EVs 5 15 i 5 i
SR, %ot O L o K ERAIK, Jr S P B B A T2 S R R, L
HAs s 5 2, SR EVs e R EARTE . N T il b
W JRIBR AR BE AR SR — OB 4 B R R O EVs K AEA Y
IR B T — A BAROR ST o KRR H RK R AW
B = A A8 S5, S oK R AT 05 3 A M A AT
W5 1B AR 1o AR e T T AR RAR S 4
BRUAE 1, b 20060 18 5% T2 200 A AL 1 0 1) 2 [ RTHIL
WCRE . A TRR TR 90K BURL S5 LAt EVs 1A, K BEIE
TEA DA 25 5 B0 T P L EL A O e« KA B A 43
5 R ECM B AL, Tl A2k 1 B S 40 v %) 80 385 EL T
R 1] T T DR S 3R 7 25, 3k S B Vs BB I 2 H RO .
TR ol A B I A 2 i Vs O T 3 32 A D 2 Ak

3.2 HEVsHIHEREE

3.2.1 BRI Ew . ERAE R LERE EVs 5K
BERC AT RA RGP 2 5 | A ST s i AR Py 3 2% A1
W FEEI AL . EVs 77 It F P il 2 T K BE G 2% L B
WA E AR R . B RS T S EVs 5
RT3, Galbiati Z N EVs ATRA T W BN B
HIRE (GelMA ) B4 T P, Bt 5 38 4o 50 AR B R A8 Ik, S 3
EVs RREEREI, FEA2 e R A= o SR, DRSS AR sk
SRS AT BEXT EVs A~ 0 P AN RIS R, T A A St
W R TSI S AL, BB AR AR B AT S =K,
DL KRR AR EVs (T RBSE Bk

3.2.2 BEEANE%ERIEG I REVs %R I
FRA NP3, SE 7K B i A B 2 3 1 2 1 T (48 4
SR S DR S A A S0 L R e G B
Dot 7K B AL B R 8 7K A3 HE L SR 5K 7K TR 1 7K B = A
A EVs BT . FEKSERE TR K K 1 R L EVs
Bifi v T A BRI PSR AL B NI SEBR EVs 138 107 RO E
AE T BRI AE G 32 e i R EVs 16 A0V 7 R R
Han 255590 & 17— 8 FH T4 0 AL S K BEIR , A 15 1) 4%
AN R AR A K BERE 5T, SR 5 K B A M TR B EVs
VA VA TR 0 A K B R I, S Vs 4 3 o RN 808 R
T, 03 4 R J2 B A R A A o IR A R
I /K B e 1 FLBR 2540 5 R W B4 M B . R AP AL
Wt 32 38 PR B AR E Vs 75 5 S R 201 i 5 38 50 4 A i i
P AL E AR, BB FLARIR K, EVs e LA R0
ATKEERE NS o IR, 2 0o A 1 Ry 53— A% 3R fil
EVs 55 5 i B 48 2 )3 2ok i e AR B, T DLl i 5 5
Vs 2 1T HL A AH 52 A4 /K SRS 0 2%, 184 38R 7 B e K] BV s 1149 W o
B ) XA B HE = EVs 19 £ k4%, 2 B 1k EVs T %8
B S EVs KA BEAAZ AL

3.2.3 RAzMERes  FAEEIE EVs SIS AK
U o WA TR VIR B, B R ik 2 A S, I AN & A
NI FEE AL 5578 W BV s BV 320 T = 2R 190 245 i 4
Ao ZhouZEF H Pluronic F-127 IR AR (4 “C R shiik
37 CA BRI P B IL ) L K A 1 MSCs A1 A £71
BT IR BOEE I | AN I B L W 25 2R . X
SR (A0 P 3ATE T, BB /K B i 52 36 0 45 /R R U g 11 22401
T, B EVs ZEJ AL A RO AT P B (Fig 3) o

3.3 HEEMMEFEEVs/KERAREARX  Faemn Rk
B8 B A T 15 11 X R B RO B 15 5 A it i i 4
BRI, I A A sl I o R A S S R AR A RS VR TR E Vs
R, 2K EVs B E 068, N E 22405 TR T HL it
BB L ARE BRI TR, RT3y PN R AR SR M) i 1 A1
Wy ER A 35 P R (Tab 1) 6

3.3.1 A BEm AR pH R AL 45 O Ab
O S R R AT DA A R R O S R R 5 Rk
pH I 7 T8 7K B 8 AR FH sk — AREAIE PR 2 X p H 0 B4 i A s Ak
MR AV BRYESMT e 7 2 K 4 1k
FIF AL, SRR 2 A W2, BOK R A 190 2% 435 44 figf 52 Bk
SR AN A I EVs BB BT, Yang 517 RS HEAY K BE G
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Fig3 Construction methods of extracellular vesicle-loaded

A : Blending and crosslinking strategy : The hydrogel precursor solution is mixed with EVs prior to crosslinking; B: Post crosslinking loading: EVs

are loaded into the pre-formed hydrogel after crosslinking; C:/n situ construction: EVs and the hydrogel form simultaneously at the application site.

Tab 1 Characteristics and comparison of smart responsive EV-loaded hydrogel systems

Response type Trigger signal

Main advantages

Limitations

Internal microenvironment response

Acidic pH

pH response

infected/diabetic wounds

Enzyme response Specific protease

overexpression
ROS response

species levels
Glucose response High glucose in dia-
betic wounds
External physical stimulus response
Light response Near-infrared light

irradiation

Temperature response Temperature change ~ Convenient triggering, enables on-site delivery

Direct response to the acidic microenvironment of
High specificity ; release behavior synchronized
with tissue remodeling activities

High reactive oxygen Scavenges harmful ROS; Synergistic anti-

Specifically targets diabetic wounds ; enables

glucose-concentration-dependent release kinetics

High release precision ;unaffected by changes in

Limited specificity (small pH gradient between
normal tissue and wounds)

High peptide synthesis cost; varying enzyme ex-
pression levels across individuals/wound stages

May cause premature/rapid release of EVs

inflammatory and pro-repair effects

Narrow applicability (only for diabetes-related

wounds)

Limited tissue penetration depth

the internal wound environment

Susceptible to interference from ambient tem-

perature fluctuations

PR AR 68 22 08 P L30T B s 16, M 1 il
VIS Bl T =42 o G RS A T v SRR T AR te e
T AL 105 R T B 5 B, B S D) 2 D 2 SO 8 e I
i, fih e SN . W DR /N U A8 e | 32K 9 e T 5 5K
TR S8 E IR T35, A2 HE M2 TR [ v 400 A 1, 4 R I 4

A B o b A A

it ) o AR - 45 ) A el R O HORAR MR 1
Fifi 5 7 2 11 it G MMIP-2 . MM P-9 K% 2H 2 2 1 25 3st i 3636
Tt 7 1 7K U5 g 3 4 3K L i ) IS ) 22 R B 4 kg 52 1K 7R
H A FNRKEERE L, Y 7K B e TR 5 1 I VA B2 1 0 11 B85
i, 22 0K 58 5 o ke AR S Pk DD D) 4% & A e e 3R a0 S B
EVs B9 8 E BB Meng 251 B A PR 8 1k A1) 1 45

2 5 378 MMP-9 W RF 85, B3 T —Fiml v 55 19 MMP-9 i Ji
IKEEME o 24 MMP-9 Y& J3 T =5 s, K BE 5 Hh AURR 1) PV GLIG ik
2g IR s*cﬂ?%l@%%é% Tt A MY M2 I I 240 R 4
37 ST AR M2 B AT AL
ROS M Ji AL 42 - 447 11 5409 25 i 242 i ROS, JE U HE S
PRSP 7 T TR 58, By BEL - 1 i T % ) S B L IR 2%
> — WHEE T L T HAT ROS I [E 1 B BRI, Herp g | A
T Bk G B 5% 5 A0 R 15K 45 M 55 7K - ROS S Ak 1 T Mk S AT
5 | S 5 5 e T S8 O M I 45 2 LK PR AR Ak S BRI ER A
FLEVs MY Bk . FLC o 3o R A B AT R T RE B 1k SR
I ) ROS, A3 202 fift S AL I SOK O, o AR 40 AR ) s o
AT . Wang 5K T —Fh 20158 ROS M 1 7K
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VRIS , 380 2o B4 WA R ROS SIUBGE BERR , 76 S B0 4il g 4
WA 35 R A TR, RS0 B A T ROS , A1 a2 Je e 11 #
PRIE AL o

P 2 M g R RT3 7R K U I R FE R DR 1)
T ) P2 AR Bl AR 35 30 Ao 757 7 A 5 A 00 2 T2 i, T 0 i e, S
AN R T B, Y uan 2520 R 1 o7 B SRR FH R TN
T | 7 SR A Y L A7 I 5 3- FF 35 TR 046 IO i 56 45 T 1% (MPBA)
FAE R K BE IR , Horb MPBA (1) 2 AR 356 141 7T 5 48 2 W R 5 1
it TERBEIREE T A G MR K BRI N IR S, R AL
TR IE I o s A B A1 E M2 75 s 20 A A I A AR R
W TR, IO PR /N BRI A 65
3.3.2 shRM R Eon m A AR e R E R B EVs
A G 7 U4 B B IR SEAE G5 5 RS HE 4%, SEI EVs 78
1 DR G TS P ) T R A ME R S T RE O . L ST
BB KEERE R G0, QB R A M2 F 20 i S b 4 55
IR, TR 1 A AR o 12K BERS ARG T AT 52
IR e R PR At < — 5 TR o S RSB R 0 1 R AR B
T A 3 AR S5 L LAY B i 5 5 — T flh & K MR
o 245 25 Ky AR Ak, S B0 M2 T I 40 e 7 A T s AR e, 4 1 i
AL .

5L W 7 TR R - AR AR BV s B R I 7 TR 7K R 3 e
MRS AME Al & ST EVs TR, IR B E HERE . Yu
ZEBER A —FR SRS, EIR T R RAA 37 CF P
BERE , RSB ICN IBT Dk P9 1 200 MR U S s A, 12 3 i 27
A 41 38 5 TR RS L 380405 10 a0 A A AR5 R B AR, e b R
WK R RS .

B HEN W R K BRI 57 4R EVs , 5 Bl H 6 P Ah PR ) )
RS S, S EA0 TS EVs B4% 55 B ik, B Kk T EVs
B A= R B 5538 7 800 i A 3 5 A0 T R BT, AT S
A A R 2 URE R RRAL AT HA BRI IR
R
4 BEHEVsHSIHEEKRRAES MG ORE FRMN A
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Fabrication strategies and application prospects of hydrogels carrying

extracellular vesicles in wound healing

YANG Yan-wei', WANG Shang’, HUO Li-yue', ZHANG Xiao-lin', ZHANG Yu-bei', WANG Xue-feng'
(1. Dept of Central Laboratory, the Affiliated Hospital of Jiangsu University , Zhenjiang Jiangsu 212001, China;
2. Tzu Chi International College of Traditional Chinese Medicine , Vancouver V6H1G7, Canada)

Abstract: Effective treatment of complex wounds is a major
clinical challenge. Extracellular vesicles (EVs) have shown
great potential in promoting tissue repair, modulating immune
responses, and accelerating wound healing, but they are easily
cleared rapidly in vivo, limiting their efficacy. Hydrogels can ef-
fectively protect EVs and prolong their retention time at wound
sites, achieving intelligent and controlled release of EVs in re-

sponse to microenvironmental signals such as pH, enzymes, or

reactive oxygen species (ROS), providing an ideal solution for
targeted and sustained delivery of EVs. This article reviews the
mechanisms by which EVs from different sources promote
wound healing, strategies for constructing their smart respon-
sive carrier systems, and their applications in complex wounds.

Key words: extracellular vesicles; hydrogel; intelligent re-
sponse; wound healing; complex wounds; regenerative medi-
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