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Abstract: Cutaneous wound repair is a complex biological process which involves the development and changes of multiple
aspects such as inflammatory response, cell proliferation and differentiation, cell migration, angiogenesis, and extracellular matrix
remodeling. In recent years, mesenchymal stem cells (MSCs) have a significant promoting effect on skin wound repair. However,
after being transplanted into the host, stem cells will undergo apoptosis in a short time due to the unfamiliar microenvironments,
producing a large number of endogenous apoptotic extracellular vesicles (apoEVs). ApoEVs contain cellular components including
microRNAs, mRNAs, DNAs, proteins, and lipids, and also inherit the function of MSCs in promoting tissue repair and regeneration.
This article reviews the biogenesis and biological characteristics of apoptotic extracellular vesicles derived from mesenchymal stem
cells (MSC-apoEVs), with emphasis on the current research status of apoEVs contribute to cutaneous wound repair, and summarizes
the problems encountered and proposes future research directions.

Keywords: apoptotic extracellular vesicles; cutaneous wound repair; cell-free therapy; tissue regeneration
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TR — BB 2. IERENT, BEKREA —
ERHRIBERE T, HAB K A RA S AR A 1k i
RAE WIS FEIR AN B kIR Bt ) ST
RS 3l i 2k i s WeAs o i/ Ak RN E 1l 2 9k
A IVRTSY$1 752 2 e S 77 N Ul | o e 257 N 9
IR K N F A R SHE 2 1R HE S, B EEA
RAEMT B, R A R SE R 1, T R
RAIIRIEAH L, b5 B sdii i £, @i
WA FH B o W A [ F-(AN IL-1, TNF-o) FIfE &5
K F- (W VEGF . FGF)PhH41 20 B 5 HAR, ik
ECL 20 A Sy i S 3038 ) F 28 A MR AR L 3 4
(1) 300 TR W 4 i R R e 40, b A TL-4 . TL-
10 FI TGF-B M i R A TR FZHEUE Z Y, F A
BB B IS . AT A 20 R 4 B I o W s S R £
HEEA, BRE AR EHL, NN
PEALIGRT LT[R, Y A TS 2 o R
1, Sem b AR, fee, FEEEB BN AT RS
RO, 38 AT R R A e AL 5 4 J K 11 B (matrix
metalloproteinase, MMPs)J 5 1 R A -5 154 A
AP A 2 I I D RIR AR

B RAE S PR A M . 4 A A0 3k o B AR K
72 DI UME , AR5 55 24 0] S 8008 4
H SR EERR . 7EX 4 BB, MR R AE
31 338 8 30 A0 2 AR SR DR A 11 A R A S R
AU e BE R Y AR AT SN (A PR 15 11 ) 23 3
T R T R AR RV R R I I 2, T AR
AN R ) 5 T B0 A B e S 2L U A 15 R
BRI, gk R A G Y, BRI, R
5 4R VR P R T A R R AR 18 A 1 5 A
BB RAEE TR, 0T LUE G EE O B I
T o R RAE B BE Y g RN | e S AR B B 1Y
A M A . ot 5 B B R R HES 5
Jo A A R U IR B . T H AR IR
WAL Bt 07 . TR BE e 43 A ME A M A T, MSC-
apoEVs $IE S ARG B i M IO SR i i, I 35 ikt
FRACRIR ZEHBUE R, A a YT B i o 2ok
R,

2 AT EEERMEDFRE

A TR A R R RS T, REFNE S
A S0 e R R S ) A 1 R P T 20 o A 1Y 2
o SHMIRIEARR, ER—IARF. Esiid
i, fEA B R O, BR T IE A2
B AR ASLER SN, W R B AT B AL L

57N VI

YA PN 1 200 A7 B 0 AN PR B, T
() &A= AT LAV BRI Se 4 i, B 1k e AT HLAA i %
i, TR — RIVEY RO, ORI,
MRS . AREAZ T 2L . gL BTk A RN gL £
AR DNA W2, e T M, A0MERERE e, JE Ak
4 T 40 9 #b %€ ¥ (apoptotic extracellular vesicles,
apoEVs), H & RIFAMMIALS>, U1 microRNA
mRNA. DNA. 7 [ B A1 fig %, (A2 ix 2
apoEVs AMUAUR AN F s 8 T8I =%y, il
ik “find-me” B “eat-me” {5, WARUTHYATIE
MR I R, 0T LU R B 1k dA & 1 S5 B8 ke
G G E L ) AT

8 T 4 i 43 % 78 08 1= 7N (apoptotic bodies,
apoBDs) i FE¥p S 3N E BB A B—
A o RS 76, BV O T A R T K Y [
M, T B SR Y PR caspase 3, IS
Rho A5G 1(ROCK 1), FHUILBKE HFREEEIR
b, Ifl & WL s, DI 9K sl o ke e
SRR T SR IR L, SR — LA
FEFURR S, ssake ™ AR RBHRpE T
o, IxX LB 5 H i B — HE R 21> apoBDs 4
B 5% A R A DG A T R AR o AR A
Pannexin 1(PANX1)i# i . Plexin B2 2 {4&(PlexB2).
N HfE RN A RN R B S R R R,
BV IR T 240 0 P B 2 A % A S B apoBDs . AR
F apoBDs, ] T {3 #E #d (apoptotic microvesicles,
apoMVs) Ml i 1= 4 W 1A (exosome-like apoEVs,
apoExos) L LIS [F] o T3 A2 2 U728 248 o A
R E R B ME, TR T R B, B AR
JBT WU 2548 52 B 1T A (L 4 6 P 8 9k B
[ AR e < N /e IS = it Y SR I A2 2
JE W apoM Vs I B 2 41 i #2117 apoExos M &
3 Ao 8 T A M P 7 AR Y 22 B Y AR (multivesicular
bodies, MVBs)5 i l5Hl & Jm BEHO™ A2 1Y, ELE
Fb 38 3 40 BB T A% G2 A R 1T apoExos 14 5 F I
ik, KM apoExos bR T FIMEGIMBAR HHRIC
¥ CD63. LAMP1, HSP70 L #b, [A] B i 3 ik
SIP, SIPR1, SIPR3 % £ fifric ¥ . X ud #
apoExos Y= A= 1] e AN T 55 iz 1442 FIr 75 1) A AR
4y k& ¥% 32 & 4 K (endosomal sorting complex
required for transport, ESCRT), MM T S1P -
SIPR {55 5 1 S It 4k, caspase-3 W i 1% Xt
apoExos ARt 143 FE 24



R TR A R 2 B AR

Acad J Chin PLA Med Sch  Aug 2025, 46 (8)

https://xuebao.301hospital.com.cn 815

SRS A/ ARAL, apoEVs /E R T-4H
O = S SRR B O s R B 0 e e e
MMM . 4T . RNA. DNA FIZNHE LR,
KT AR R A, s A= viste o+, 54l
Mlelm i, ek, A 85T R apoEVs HA B3
M RRETTAER, TS B B 5P Pk s
PECT | HURCE W G e G AN s 1 o s )
FIVARAE S 0L (PR A0 i, 8 T v s 20 i )
apoM Vs 38 1= #1114 B T 40 0 A0 3% PEARE 2F 98 8E AT
BB SRR, apoEVs /S 1Y % 5 9 1E
FALTE apoEVs 41 5 1 21 21 P A= 412 1 v % 4 O St
YERBA,

3 BERBRTFHERBATCEANERRHGES
HIMER S

fE Ry JLHAE R, o T Al
(mesenchymal stem cells, MSCs) iU HFZF
PR IIGTT, b, FEAE B2 kB TH & 5 4 Bl A
AR TERA SR, i — e 8, K&
B 78 5 T AN AR % 4 B A SR EREE T (U S AE B
YAk, RN T, (BT S X
LSRRI R AT SR AT, X RGBT AL
A5 MSCs 77 A= 1 K 1 3 12 4 3 (MSC-apoE V)
FEE SN

W R K A B a2 o BRI A Qb i B B, T
MSC-apoEVs % ] 5 3¢ ik 2H 41 [H + (tissue factor,
TF) F1% AR Mk 22 % /2 (phosphatidylserine, PS). TF
SR MR BN 1Y) G 88 A 2 PR, T PS 4t 14t
BEWERRRTA, A EARBOS BE GRS, ML YR
FIE AL, AP 1k i, o i 268 1 FH S
11 A B N Rl Y S R 8 = vl ol 1
TR O . kAN, MSC-apoEVs 7EAE#E 1E 1M1
[ RS, i e 38 2 485 7 1 2R W0 3% M 2 (W miRNA |
EHR) A SRS HAERY, WEE IR E.
BN, TE 59600 M WE 5 5 00 Bz BRI RSB R
iy 18] 78 5t 1 41 Y (umbilical cord mesenchymal stem
cells, UCMSCs) ¥ 5 1) apoEVs i & il 3 455 11 X
A, HAEMBIZE IR . S0E . 458 AN 8 0 00
HAREEEPE SO M A PURFFHATIBEHA],
TR “1kam-FAE” — B R AT,

FE K RRIOME 2 I RAEBTBL, MSC-apoEVs i
I R S0 0 20 R ) R AN SORE A 1 1 R GA SRR,
SN SRy G e RN, PR 18 = i i RECY .
R B AE R Bk D A AR b g 2], RS AR E

AR BY B B8 8] 78 5T 40 Y (bone marrow
mesenchymal stem cells, BMMSCs)7E % i [8] Y K
T [, AT AL A Y BMMSCs 38 i B
Jit apoBDs 7] LIKs B W2 i 4% Ak bt R R, F34
PUA AR A PR F A R -0 W B, R i 2T 4
M. ERZARME . PN R A ARG A AN A Ak, DAfR
HE R R 2UE Z R R AR R o, B
Jfi 8] 72 5t -+ 41l ffd (adipose-derived mesenchymal stem
cells, ADSCs)3 5 Y apoEVs A] LA AR M1 % i i
YA, BN M2 R A AR DGR R Rk, 2
HFE WA AR R M1 ) M2 SRIU AR | DI 22 i 12
PERIEIRAS ARG 1), BB H A ROREE, Jf
$t apoEVs Lt apoBDs HA TN & 1 D AR,
— W5 K B, ADSC-apoEVs il i3 fi miR-20a-5p
IS 9 JAK-STAT 55318 A 280 BRI 4 i 4
SERAIIAYE, B E A M2 Ak, A
HE R A A

HASEFE B, — 71, MSC-apoEVs if i
b A YRR BT, O 5 A A 5 B8 53k 1 A
O, I K R 1A OC 40 Y 3 5l 5 AT R
HiES 5L HAY 55—, MSC-apoEVs A]
DAHEA AR 1148 26 WU F-(10 VEGF,  bFGF)BT N J
SRR, R T AR DA N O A B R, GE
(IR 9111 R 1 B v S i) N T W i s Y
30 3 G 7 1 P U A A A X 48 L A48 P %) 453477
REL ARG A A RO Bilan, RS A
fifd(Embryonic stem cell, ESCs)K 11 apoEVs AJ L)
it i SOX2/Hippo 15 51 s B 4 1l 111 55 /) Bl B Jik
MSCs 1, et HIG G FCE 21k, 0
Ak, HAAR 3 K A A 09 ORI T UCMSC-
apoBE Vs, i 5 —JififF 5% & L ADSC-apoEVs A L
B L ZT A 20 M R PN R A A A I, S o LR A
FEFERE ST o [RIk i m] i 2 ok 2 24 240 i i) 1R
L s e R S B A s A N T 1B Y73
RO @ma, RERFALNEE, WAEIR
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TEH BB, MSC-apoEVs = L3 1o 1 53 i Ji
GRS TURL, A MMP G, SURR R iR
1) B A5 K HEZ L P R A Bt 2 3 T (extracellular
matrix, ECM)H VA7, F & 50 o (9 J Ik A 4
B4, W5 R, ADSC-apoEVs eI i 817 il £F
A 240 L B4 5 N D ek AR LA BUB I L i AT Ak 2
2 ECM & B CEE 2 L, ADSC-apoEVs 1] />
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