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Abstract Chronic refractory wound is a major public health problem in the world. The healing process in-
volves a series of overlapping space and time stages, and its process is complex and diverse. For the use of existing
clinical treatment of chronic refractory wounds that are difficult to heal, there is an urgent need to find a new treat-
ment. The exosomes secreted by stem cells can play a role in multiple stages of wound healing, showing a unique

advantage in the treatment of chronic refractory wounds. Exosomes is a new type of intercellular communication
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carrier that regulates the biological behavior of skin cells. It widely exists in a variety of body fluids and has the

advantages of non-immunoreactivity, tumorigenicity and good biocompatibility. It mainly comes from adipose-

derived stem cells, bone marrow-derived stem cells, human umbilical cord stem cells and other types of stem cells.

Different types of exosomes have different functions and play different roles in wound healing according to their

cell sources and adjacent cell components. Therefore, this paper discusses the specific role and mechanism of dif-

ferent exosomes in different stages of wound healing, and summarizes the current limitations and various view-

points.
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8] 78 Ji 41 ffd (mesenchymal stem cells, MSCs) &
— MR I 2 e A T4, AT DAMCERE T
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ik o SR, MSCsIAH MG ST A7 AE — & 1= FRYE,
BIANAS Gy A7 RASAH G EURPE . 4t M3 AR
TR AR R RAC, LR TR 2= 1 R i
S, BN T MSCsRH T-OI VAT (1) 32 Z RS9, &
I B 5T R I MSCs I 4 23 F A2 g ) = BRI T H 5%
I UARl F —— AMIAE (exosomes, Exos), H % E N
MSCsHMr il If 1 25y, BEA RIEMSCsIIHREE, X
BB 500 A, o o s v s B0 4%, i — 2
A 70 AN [F) 40 M R U5 ) Exos B AR (17697
R, B IRYT AT L TR T R
MSCs-exos i A 1 FHAEE 2 MSCs i —FA BT 1
BT BN

1 ExosBIN48
Exos#& H 12 N 30~150 nm [ £ v fm7 1 2B 4
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YK G IRTE G B = FE i, 2 B A a0 i (R 45
MSCs)$3fe s ik, I 2 AFAE T A M35 7% B g ON
VFZ RN IIE . M. FLt . ORI R
G VS 11, AR A G 2 i i U R AH 18 2 i 2E 43 1)
ANTE], Exos#f iy 0 A= Y03 1 P o1 () 28 2R AN 1 R %
Ko LRI FE R, Exosse — M R A 2 il
BITUEP B RV YT T B, A2 0 ) E )
BT, el iz R IE AL Y AR E BT, 4
it e 8 R 4 R A R R A U0 R S i i
[ R T H, Exos A LA TL# . (1) ExosAl LAE
N SR A BRI, R BUBUZ S5 R AT LRGP
YR, SCIA A )Tz s, SR R AR
AR . (2) ExosZi WA 4 i R -1 450 M4 5 AT DA
BE L e 00 B PR . IS RO S BCIR A
MRk — e it B E M. (3) Exosy
SE AR [, 7] LA SEEL A 1R 1R 5 7] % 5 AT 42 5
BIT RSB , e N 258k, W LUR S 254
TBIT HE RO, (4) #EIR g Exos N 45 Ttk
P MSCsei N\ T &M Exos 3K [ 7313244, 7 LUiE T
Exos &S 38 . Bt LA Exos [R50 A= 4 5 72 9 4%
AT 52 4 248 i 1) 5 S PR 1 1 FH 55 2 R L,
A 1B 2 AU M B B B I AT AR

2 FEExosTEBIERAEFRERGIRZR

B R R 545 Ja i D A B & A —
PUAS SRS B B A s 1, dE b, SORE . 40 B b
AIZHZAE I, Pk PS40 TG AN )
A TR 2 50 B0 T i & RE I OGP IR NP
Rt 3 ) S T B O A AR DA R e it
TER, Qi BE 90 0E . MO B MBS 32 40 . IR 2R
H (collagen)JE U PTAR 54 b B2 P TR B 400
&), KA Exos & BB YT RE L, 8 2 Fa T ML,
QR A s 1 PR 1, B DA S Y i Bk S T
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A G T A A 7] B R 4% 2 3 81 1T 8 5 AR
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2.1 1k

1 i B B 2 2R T A /N A D 5 SRR P AR R
P 5 U138 A% G «  Exosil it 4y wh 58 b g A0 RE
F1, B0 I /b AR AR 338 6 o R - 10 A e, 4 i
I B[] ] A e gt 5 Mo 4 A P A B 2 0 R 15 R LR
FRIEE ], AT IA 2 Exosfig 2 1h il ) 2558 (B 2). 1
AINARR R 41 AT A2 [P A1 44 (platelet-derived exo-
somes, PD-exos)fE 15 ML B B 1 ML 976 26 & 4672
FETbm, ddId B By 3R A7 AE 1B G 9 22 282 (phos-
phatidylserine, PS)#E Ifil i 175 F BOS [1) 5/ RNAN
[miR223(microRNA223, miRNA223)!'"), miR-142-
3p!*. miR-320b") I N 40 KR AE , et A
JufI3%5E . PD-exos5 NADPH4 AL (nicotinamide
adenine dinucleotide phosphate oxidase, NADPH oxi-
dase, NOX)?") F ##4H i (bone marrow cells, BMCs)?"
MEAEH, RiEAgEAMSS, KIESMIEH. H
AEAG 15 U5 40 L 47 A2 (¥ AR 4R (umbsilical cord-
MSCs-derived exosomes, UC-MSCs-exos), 1Hid AIF
¥ Gy il LA 354k SR ADPAZ B 3R A5 1 1 (poly ADP-
ribose polymerase-1, PARP-1)521 % 4 4 (reactive
oxidative species, ROS)%: 4] 8¢ 7 ¥ 175 F 1) 41 M I
T2, B AR AN M & [E 2. BRIt 2 46, Exosib BE %
I I3 %0 % Bk 25 1 E(immunoglobulin E, IgE)f#17K
S, R R AR 4 AR R A DK A A O 1 1 4 R Y
% -4(interleukin-4, 1L-4). 1L-23. IL-31LL A% iR 3R
BEIA ¥ -a(tumor necrosis factor-a, TNF-a) )ik, B
TR Tz, i g L AR, (R A A
22 RIE

HR A LB IS ERE B B ) rh R 2 i R R
A T 46 R I 55 B R T B 4 B AN A R R 1R A
H, FEBEE B VRN % (classically activated macro-
phage, M1)/41i % (alternatively activated macrophage,
M2)I& A% (532, RN 3 B2 4T 4640 i (human der-
mal fibroblasts-adult, HDF)F1_I i 40 A4 i, 2k i
ERITE AL, 148 98 5 B Bk U I AEPY B . AR 2
AR R AR . BRI A2 2% . ROSHIIE
FEAE R, #2s EIE A 2 )40 4% A0 I 4 B ) SE
T= o Exos™] DL 401 ] 2 AF 40 i B8 5~ 1 70 s«
PEM2/M 1A A 2 A1 3 8 RE B B ) 184 B Y B )
AR HIH ROSHI RS A RIS, SGE 61 i & &

0L, FERAEMT B4 . L. T2
RAEHEEAEH (K3).

2.2.1 4K 68 58 1) 78 J5 400 i ok I A0 A A
(placenta MSCs-derived exosomes, PlaMSCs-exo0s).
PlaMSCs-exosifi i 2 M5 538 % 1 I 15 2 AE ST
% UL HA B T B 7 i R R AR R, 4514 PlaMISCs-
exos I 40 M AN 15 25 0 (extracellular regulated
protein kinase, ERK). c-JunZ{ 2 R Ui i (c-Jun N-
terminal kinase, INK). p3822%4 JFy% L 28 [ I (p38
mitogen-activated protein kinase, p38 MAPK). A5
ok LIS 3-3 B (phosphoinositide 3-kinase, PI3K) I
%6 B(protein kinase B, AKT)HIFRIL, LA AZ A
“F -xB(nuclear factor kappa-B, NF-«xB) A% % i 1
TCAHOCER AR, AR R I B, RAEHTRATE P,
FRREHT B AR Ia ST SR 4L 1@t . BRitke
A, 7T 2% B PlaMSCs-exos e RUE #E G T FR24E,
1T VR 5PlaMSCsARUE X AL T-PlaMSCs, il n{ie
LA A A O R 23K, RN B I A8 T 1l A S
TR AN MRS - 38 R I Yes M 5¢ & H (yes-associated
protein, Yap){& ‘5 % T i@ 1% M A7 i) [F] J5AE 158 A
(engrailed homeobox 1, ENT) P&k S EHA% M
HE ST AR PlaMSCs-exosid M I 4 24 F ki iR
P T (mitogen-activated protein kinase kinase,
MAPKK, X HK MEK)/ERK/¥Rfif i 5 R0 6 R 45 A
5 H(cAMP-response element binding protein, CREB)
&S5 MG, & RAREE EMAWE IEH,
PN E T B HE MR A,

222 AL U7 T B N 2 T2 B AR AE DL
TP .

(1) Hi B 14t B KR 1 A bk A4 (ADSCs-derived
exosomes, ADSCs-exos). ADSCs-exos & H AT/ 7T i
Z ) ExosZ—, Be % A T A SR 28 1t 48 fi 1A
) et T e i = S5 A R e T (2
SRR, AT (23 61 T A

1 HAERT B, ADSCs-exos A] LA 40 il )9 ROS
FAE R, i R NOX1. NOX4(ROSIH) T K )
S5 ROREA B AL N R F K, 2 5 RREId .
L1557k sk SRk % K 7 E24H JC K ¥ (nuclear fac-
tor erythroid 2-related factor 2, Nrf2)f#] ADSCs-exos
RE | ROS 28 AE 40 M K 7~ (IL-1B+ IL-6F1 TNF-a)
(3R 23k o 53 4h Nrf2 5314 1) ADSCs-exos 1
PLHE 5 3 Z bR B [ 30(senescence marker protein
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lf ‘-:l BMSCs-exos ’ \

ﬁ EPSCs-exos x USC-exos & iPSCs-exos

PlaMSCs-exos 7 MenSCs-exos i

UC-MSCs-exos: i H U5 T-41 B fi7 4= B 4 s A ; ADSCs-exos: i Il T4 B AR F1) A0 a4 ; UCB-MSCs-exos: fiff iy LT 20 B A 5 # A4 ; AFSCs-
exos: FKTAUMEARIGSMLAA; ESCs-exos: G4l MUK I5 41k 14, BMSCs-exos: “ &l [ 785 T4 fiu Sk Y5 41 #4445 PlaMSCs-exos: fifi 2 71 78 i 1
AR IE AP AA; MenSCs-exos: A 22 ML AR 4 18] 78 53 T4 Bl KI5 1 7 A& ; EPSCs-exos: 2% 57 T4 Bl KR A s 44, USCs-exos: JRIEME T4l K
VR MMM iPSCs-exos: 22 HHEF T 1240 J KI5 A AM A 1k

UC-MSCs-exos: umbilical cord-MSCs-derived exosomes; ADSCs-exos: adipose-derived stem cells-derived exosomes; UCB-MSCs-exos: umbilical
cord blood-MSCs-derived exosomes; AFSCs-exos: amniotic fluid stem cells-derived exosomes; ESCs-exos: embryonic stem cells-derived exosomes;
BMSCs-exos: bone marrow-MSCs-derived exosomes; PlaMSCs-exos: placenta MSCs-derived exosomes; MenSCs-exos: menstrual blood-MSCs-
derived exosomes; EPSCs-exos: epidermal stem cells-derived exosomes; USCs-exos: urine-derived stem cells-derived exosomes; iPSCs-exos: induced
pluripotent stem cells-derived exosomes.

E1 FESMNHMMEA T EREZ M MBERER

Fig.1 The schematic diagram of different exosomes acting on multiple stages of wound healing

Hemostasis

& PD-exos %UC-MSCs-exo

i i
. miR-223 PARP-1 :
' miR-142-3p AIF -
i miR-320b i
' BMC !
1 NOX \

Hemostasis

PD-exos: IfiL/NI YR T-40 AT A= 1R A UC-MSCs-exos: [ 5 A5 T4 i fi7 42 1 Ah s 44 ; BMCs: B il 4 il
PD-exos: platelet-derived exosomes; UC-MSCs-exos: umbilical cord-MSCs-derived exosomes; BMCs: bone marrow cells.
E2 ARIMNRAESE RS LM R AEER LS

Fig.2 Different mechanisms of various exosomes in the hemostasis stage of wound healing
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ERK, JNK, AKT
p38, NF-kB,TLR4

IL-6, NOX1, NOX4
UCB-MSCs-exos

UCB-MSCs-exos
miR-185-185p/CDK6

NF-kB/MAPK
PI3K/AKT

miR-185-185p/CDK6 DMT1

miR-23a-3p 2172 ESCs-exos NF-«B .
UC-MSCs-exos IL-10, IL-4 Regulatory proteins
CD206, CD31 IL-9, IL-13 mRNA

VEGE, TNF-o " BMSCs-exos ~ BMSCs-exos
AFSCs-exos IncRNA KLF3-AS1 miR-223

TGF-p1/2 miR-383 PKNOX1

HGF VEGFA

Pentraxin

1
1
1
1
1
1
1
1
1
1
1
1
1
:
1
Y MenSCs-exos :
“ 1
1
1
1
1
1
1
1
1
1
1
1
1
1

ADSCs-exos: Jig i 40 MR U5 ) SN UCB-MSCs-exos: it a7 fILF4H B U5 (1 S i 44, UC-MSCs-exos: ity Ui 140 Ml 7 A= ) MIA & AFSCs-
exos: “FKTAHIRAIRIMIAA; ESCs-exos: R4 KU S MK ; BMSCs-exos: - [8] 78 51 121 il KU 71 i 44, PlaMSCs-exos: ik [ 785+
T SR A A4 ; MenSCs-exos: 3 28 ISR P 18] 76 J57 140 B SRV 1) AR b Ak

ADSCs-exos: adipose-derived stem cells-derived exosomes; UCB-MSCs-exos: umbilical cord blood-MSCs-derived exosomes; UC-MSCs-exos: um-

bilical cord-MSCs-derived exosomes; AFSCs-exos: amniotic fluid stem cells-derived exosomes; ESCs-exos: embryonic stem cells-derived exosomes;

BMSCs-exos: bone marrow-MSCs-derived exosomes; PlaMSCs-exos: placenta MSCs-derived exosomes; MenSCs-exos: menstrual blood-MSCs-

derived exosomes.

E3 REFINBAESE RS REN BRI REIERLE

Fig.3 Different mechanisms of various exosomes in the inflammation stage of wound healing

30, SMP30). L4 P 57 4K [K - (vascular endothe-
lial growth factor, VEGF)HIIfIL % Py 57 40 i A= K [+
Ak 2(vascular endothelial growth factor receptor 2,
VEGFR2) IR AL /KT, (2 a3k P s AH 20 ffd 1 58 A
LML . WURE P15 R IR 4 7 4 B ) ADSCs-
exos(hypoxia adipose stem cells-derived exosomes,

HypADSCs-exos) T i B BRI /)N B 2 B 1 1) 3%

A, P B ORE R AR . TilAL HE ) ADSCs-exos
e RAFAE RAEMT BE 2 AN T EAE A, mmu_
circ_00002501&1i [f) ADSCs-exos 1] LA ¥ #% & #f
PRBE R I8 A s A0 AE A, SHIZE PVR I mmu_
circ_0000250/3E %A, A LR i miR-128- 3pfE&
K, S ER RS B AT AT 1(silent information
regulator 1, SIRT1))ZKIERE /), i H WRE0E 0]
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ML T, e R R D . RIEMZ
ADSCs-exos I il = BE PR T A R 40 I ) 42477 . fie
T3E P B AEL A0 B ) A DL B R 4 R £ J5T T B i
(keratinocyte, KC)IJH4FE , f& 1 6 [ x5 B3, [=] it
ADSCs-exos = #1142 il 2 1(angiopoietin 1,
ANG1). 5T -1(fetal liver kinase-1, FILK 1)
VEGF, A¢ bl [R148 532 M6 P9 Bz M P v 48, 32 I
AR RE ) PP B A WUSE IR FE R I, S0
NF-«kBJ# I, ADSCs-exos 1] A 5% s 2 B (lipopoly-
saccharides, LPS)#I¥ 1 N\ 55 ik P9 52 41 g (human
umbilical vein endothelial cells, HUVECs)H Ifil % 4E 1%
AE7J, SIANAKTHIERKAE il i, A7 FHALEI1E .
A &4 G 8, ADSCs-exosif i #If 1 40 4= K
¥ -P2(transforming growth factor-p2, TGF-B2)
FRIE N2 YR M EE K Notch [F] Y8 85 1 1(neuro-
genic locus notch homolog protein 1, Notch-1),
AT DL R I 2 9 4T 44 4 i 4 B o 3 O )
7 B4, ADSCs-exosidt 7] LA HDF A AL, 39052 44
HI#P 2845 % 25 (neural-cadherin, N-cadherin). 4 g
JA W8 F-1(cyclin-1). BGFEAN A% HT R (proliferating
cell nuclear antigen, PCNA). collagen I. collagen
1. 7KiBIE K A 3(aquaporin, AQP3)&E KA, T i
TNF-afJ3IE, Yl IR B0

(2) FFT I 41 BRI (1) A (umbilical cord
blood-MSCs-derived exosomes, UCB-MSCs-exo0s).
UCB-MSCs-exostE 5 Jik 1) 5 & (1) 40 i 77 1 & 4% 5
BERHEAER . UCB-MSCs-exos HR Il 21 K &
miRNA, JX % miRNAIH 2 #4150 mRNA F AR R
AR SC A SRR 9 B 5, 40 miR-185-185p(F: T i
o FEON BB A sz A, B U REEE S HUVECS
S| OF=TE=RAAE i TNl O R A ihei 2t i BN S
2, L miR-185-185p/4H il 4> 24 5 (1 41 6(cyclin-
dependent kinase 6, CDK6)Z Ik [z 57 $ v 41 Jifd 11
PUAAGRE ) P28 WEFEIE R I, #IA miR-23a-3pl)
UCB-MSCs-exos HJ LA BEAIRAN L N ROS/KF-, i i 4
FER A & @ #5125 1 1(divalent metal transporter
1, DMT1)FH I T 40 M 4524755, [R)i UCB-
MSCs-exostE ¥ HDF H [1) ECM 8 [ A K A 43
HIoCEE R 2R, T B AR R, Bt — 2D BoR
T UCB-MSCs-exosfE ATl LG 71 I 7)o
223 WAT IR TUIHCRIE T 4N AR (embry-

onic stem cells-derived exosomes, ESCs-exos).

6141 ifd (embryonic stem cells, ESCs)E A TG IR H
B HTRE S A2 m) AT e, LR R miRNA
mRNAMIE 5, NESCsfeftt 7 FHERIE /1. ESCs-
exos o A BRI AT 4E 240 i A2 K R F- (basic fibroblast
growth factor, Bfg)Z #M¥VF 2 & H i Fl miRNA, 7]
DL B R I A T R, (i it 20 i 39 5 0. ESCs-exos
AJ DA S E AN A T, R 2 0 PR - 1L -
10 IL-4. IL-9ANIL-13fJ3&ik. fE4KSL, ESCs-exos
MR HEAbr RIS, TR A, I Had
it miR-6766-3p & # N TGF-p M H: i SMADs &
[ (drosophila mothers against decapentaplegic protein,
SMADs), JtH 2 #§ 1 . & H p-SMAD2/3(phospho-
SMAD2/3)IFRIE , (e ik M H A4, kS22 N K4
RO R3S 77, BE A 3G T &A1), A, ESCs-exos
A B RONIRTT T B RPN B R IR LA R
X A5 7 BB I AR R S A A AR SR it 1 B
TFHILEFE
2.3 1#54

T T B B ) A 2 A S TR B L AR AR
MK AR HDF 7340 o S o [£F 3% 8 E (fibro-
nectin)Fl collagen I/IIT], {2 3E40 f iyt R FIE5E . 41
i P R = A 1= O =311 = G Sy Pyl
THI )78 7 o Exos A LAy W 22 Bl 4 g 5 -7~ 4l TGF-B AN
I /NAR YR A K K F- (platelet-derived growth factor,
PDGF), 7] Al 2 i &1 J25 J5 A0 37 A= I /8 0 2B B, )
WHDF b e 41 48 v 453 005 5 R 30 7%, 48 9 52 451 350
B bR A, B O T IR L, R ITERT,
S B T A I e ) (B14) -
231 @mfesgsa. &4 AP EEANT RS 7
FELLUN =7 H N2

(1) UC-MSCs-exos. fifH7 8] 78 i T4 it (UC-
MSCs) LA 2 Be T 5] 4, UC-MSCsi it 2Y f1 |5 3%
S HTN 22 9 e BRI, RT AL N AR .
53 WA UC-MSCs-exosH A R U I A2 e Al Ho 5 Ji
P, Reiris 2 MEaAAEKE T, Higyr 7 &
RAE WEIH. HBZAB, R ABZH—E
Exos™*,

UC-MSCs-exos HJ 44 P4 &b SE56 3 B H B A7 75
PR 2 A0 R AR R A 0 ) g D, B TR 2] CD
206 CD31. VEGFAHS (et & GRS i, Lh
J% TNF-aff) T i, [Al UC-MSCs-exosfie #f HUVECs
AN BRIV G BT 4 410 i (NTH 3T3) 958, A Ak
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Proliferation
T T T T T T v T :
1 P . . 0~ % i L . i
i 4= \\{ Angiogenesis ; %= 5 Cell proliferation and migration | Nerve repair 1
I 1
1 — 1 % 1 : 1
I . ADSCs- . :
I s Bs legfr . BMSCs-exos i ™ PlaMSCs-exos : ™\ PlaMSCs-exos 5
! -KB, AKT/ miR-126, miR-383 I Yap | MEK/ERK/CREB .
1
i L fiee OIS IncRNA KLF3-AS1 i Engraviled-1 J !
i miR-128-3p, SIRTI VEGFA | i %UC-MSCs-exos i
: SMP30,VEGF, ANG1 ! N | NGF i
i FILK1 — @ -MSCs-exos : !
: o 1; Ge’;:s i miR-185-185p/CDK6 ! T AMSC !
753 - - 1 1 % $-eX0s 1
: b O PI3K/AKT ! 'f USCs-exos ! SOX2/FN1 :
! miR-6766-3p MAPK/ERK i ) DMBTI i :
1

| TGRSR, SMADs — ! VEGFA ' BB EPSCs-exos :
i p &) hAMSCs-exos ! : : miR-425-5p i
: % UC-MSCs-exos ll'lCRNA, ceRNAs : BMSCS'eXUF : miR-142-3p :
I —— linc-POU3F3, H19 i miR-126, miR-383 ] TGF-B1 -
! OIP5-AS1, NR2FI-AS1 ! IncRNA KLF3-AS1 | :
: SPRYI ! VEGFA C i
iR-21- ! 1 1
i miRs2L3p @EPSCs—exos ! p ] !
! Y MenSCs-exos miR-425-5p i %) hAMSCs-exos : ‘
I " VEGFA miR-142-3p i linc-POU3F3, H19 : !
: TGF-B1 i OIP5-AS1 : !
i . NR2F1-ASI i !
| 1 1 1
: { & iPSCs-exos 1 1
i i ERK-1/2 d !
: 1 1 1

ADSCs-exos: JI [l T4 KI5 i A b 4, ESCs-exos: MR T 20 B K I AN fA; UC-MSCs-exos: fiff s K5 T 40 iU fi7 4= (1 44 MenSCs-exos: H
22 I RJ5 R 1) 78 5 T 200 B SR U5 P A ib A4, BMISCs-exos: i i [7] 78 i -4 Bl K IR AN s 44, SMSCs-exos: 1 15 7] 78 i 41 Bl KI5 A ih 44 ; hAMSCs-
exos: A I 8] 78 5T T4 B KI5 1 A A 4R ; EPSCs-exos: 3% B2 T4 B AR AP A 14, PlaMSCs-exos: fifi % 8] 78 i1 T~ 41 Bt K U5 71 s 442, UCB-MSCs-
exos: JF s ML T-41 B IR ) A b ih A, USCs-exos: JRIFE T 41 B KI5 1 7K ; iPSCs-exos: %6 IRE 17 5 T4 UK UE A AN 1

ADSCs-exos: adipose-derived stem cells-derived exosomes; ESCs-exos: embryonic stem cells-derived exosomes; UC-MSCs-exos: umbilical cord-
MSCs-derived exosomes; MenSCs-exos: menstrual blood-MSCs-derived exosomes; BMSCs-exos: bone marrow-MSCs-derived exosomes; SMSCs-
exos: synovial-MSCs-derived exosomes; hAMSCs-exos: human amniotic membrane-MSCs-derived exosomes; EPSCs-exos: epidermal stem cells-
derived exosomes; PlaMSCs-exos: placenta MSCs-derived exosomes; UCB-MSCs-exos: umbilical cord blood-MSCs-derived exosomes; USCs-exos:
urine-derived stem cells-derived exosomes; iPSCs-exos: induced pluripotent stem cells-derived exosomes.

El4  ZFIMLATE R E B S IGTEM BRI EHE R LS

Fig.4 Different mechanisms of various exosomes in the proliferation stage of wound healing

N, i R A D . B4R, UC-MSCs-
exosREJ /D KAEIR I MNP FEIE, (Lt R

molog 1, SPRYD)HIFRIL, A Bh T IiE b 5 f5 7% At~
I8/ D P IR B P AN 3 If A AR R 10, [P PTENGE 1]

YEMIGTHE , FILEZ AP B RN B R . E1S
RN, &% UC-MSCs-exos ' [l miR-21-3pfg
fi §1 | PTEN(phosphatase and tensin homolog deleted
on chromosome ten)F1%K I Bt 4.1 25 1 (sprouty ho-

PLiE i A3 % 78 miR-150-5pf UC-MSCs-exos 7]
WOE PIBK/AK T B2 i3t 5 et i @ &, @it —
fh PTEN/PI3K/AKTAI PTEN/miR-21-3p i 4H H.AE
KRWI, JEMETTTH , DA BEFUEH T R 21
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THIAE A (W B LR 28 22—, Qowil PR 8] T 1140 ) ) ot
2P C A E N RE R O T M A ) 3 R
Kz —, ZHUZE W58 KB, UC-MSCs-exos AJ LA
AR HDF 73 i #4228 42 K K- (nerve growth factor,
NGF), Mt Bz ke Az Rk AR A4 2 iz
Rt A A, AN RIBIT I 7 — N8
BT W), W — DRI T UC-MSCs-exosiEI T
fE.

(2) JRUEAE T4 B SR YR ) 41 i 44 (USCs-derived
exosomes, USCs-exos). JRUFVET4H il (urine-derived
stem cells, USCs)5 HA T4 AH L AESREL. 224,
Br IR AN TE AR A T7 T A A TR S, IEFE R
A ExostE AU KK . USCs-exos 1] LAY 5545 [
A ARG R RE, f45 KC. HDFAHUVECS
S B G TE AT R e T, LA B 2 R A I AR
Be /1. [B USCs-exos® & 255 O @& A
KAWL E AP, W VEGFA. Sushi®E &
X% 49 2(sushi repeat containing protein X-linked 2,
SRPX2). IMILE A= il 3 AH 5% 455 [ (angiopoietin like 4,
ANGPTLA4)%E, X 268 1 {2 #FfE 1% 41 i (nucleus pulp-
osus cell, NPC)Hi 51 ECM& 1, ¥ TGF-B, #&i
SMADAM! AKTHIBERL 7KV, (2 3EHE 5 8 H 3(matri-
lin 3, MATN3)I3RIA, H B TTECMIPFaZSM0 g
e, I A4 i 1 1(DMBT1)7E USCs-exos H ) 5
Fik, WEFEST VEGFAE M ik DL I i & e i
AKTHB R (PBKIEL TR IR), H 4 DMBTI1RIA
WA I I 2> HH I LR, 32— E] T DMBTI
TEUSCs-exosZ 5 G176 Y7 i F2 Hh i) 3 22001,

(3) H & IS5 1 ) 78 Jo3 T4 B S IR 1Y) 21 s A4
(menstrual blood-MSCs-derived exosomes, MenSCs-
exos). MenSCs#& ML | — L Joi X% H BM-MSCs
FE U4 Pt 5| A A8 B 0] JE A B A7 X, MenSCsEIE 1
J\ SR Ak 45 45 56 K T-4(octamer transcription factor 4,
OCT-4), IX/EESCsHIbR &, 5 HAKIE K MSCsHH
Bl A& — PR ) bR 0 BY, (81422 St MenSCs-exos
HAME a7 % . HlandEa) el iEd,
MenSCs-exosif i #i% NF-xB 75 5 F Wi 41 Ao A AL 40161
RAEMIARAE I VISR 5 b AR I8 IR R T
i collagen I/ mRNAEBEFF b 57 AL &0 &
. i VEGFAfR#ERT A & AR i 5 2 AN B gk
BT & A, [Fi MenSCs-exosif i 1 126 K &1 5
FE A mRNA(let-7. miR21)2 3% 52 351 40 L A1 ZH 2L

1B E B, £E MenSCs-exosVa T L F# i FEmt 2 |,
1 I X MenSCs-exosfH R IIFTHA , 1 TAE 71
REA B SR BRI E S T IR A K i
SEMHEAT, MenSCs-exosIiR T 18 1A it — Dk
P
232 wFAR  MEAERITHFEEOFEL =
J7TH N 25 o

(1) & 8] 78 51 1 40 SR U5 Ah W 4K (bone
marrow-MSCs-derived exosomes, BMSCs-exo0s).
BMSCs-exosse 1 MM A 78 1 T4 il Exos, 21t
T FORE B B B [ 40 e 2 2R 2 3 % B THT VR T 4R
Ho i8I %E % A ExosIBMSCs, R A I/KF1IM2
T E RN i 0k I IR 5 FHAE L, AR R 7EmiR-223
] Exosif i # 7] PKNOX1(pbx/knotted 1 homeobox
DT B gm St Al , (28E 1 HLR 5T 5 5E ) #RAIE
LY BB Y, B TR B G0 Y R Y AR
4b, 5 #4ESR A% RNA S5 BMSCs-exos IR F , i T
A USSR TV 2 W Iia T S . R I A R
J7 T, miR-12672 —F 4 B R5 A L miRNA, 5 ML
FadS A SAE A 0%, 1 34 miR-126) BMSCs-exos
AT LAME R HUVECs RS 5E . 3T #8 AL A2 BB, i
Tk KAEIEHMISRNA KLF3-AS1(kIf3 antisense RNA
1, IncRNA KLF3-AS1)# BMSCs-exos A2 T ki
M HUVECSHURSGA 3T A 15T B, BMSCs-
exos I 1 E LB AL B T7 TS 7. AL an itk
2215 IncRNA KLF3-AS 1) BMSCs-exosid Gg #1 il 4H
PRI, M miR-383 (2t H A FUVEGFAR KX, i
R TH & A, BIFFT R A E 0 AT LA AR 1 6]
THI 185 I AR F B, o i s e 4 =1 m] DLdE— 20 o
B B &A1 . BMSCs-exosl® T 25 RIEM B
() LR 2 P e B A AR () AR AN, 5 RS S RNA
PRI N2 FH AR T 0 1k B A5 R O 1R 3R o 1)
ARR, #RILH T BMSCs-exosE 1 [ 1597 4735,
A 5 2 R iR T s 1T T

(2) T8 JEE1a) 78 5 T 41 i Sk Y8 AR WA A (synovial-
MSCs-derived exosomes, SMSCs-exos). KJfT15
JEL[¥] MSCs(synovial MSCs), B A HZUR 70, BEfE
S 2 24 O HDF 395 7, B mamie 5
. {H SMSCs-exos AN A& MUE A B I RE 1, W 5T
AN I 3 PR o ek BB M SMSCs, il i ik
miR-126-3p(micro-RNA-126-3p), T L A Bz #H 20 g
) I %8 AF R E 1% 7% 21 SMSCs-exos 2 HH , At i 2 L
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75 PIBK/AK THUE 73 24 2 5L 36 A6 25 (I (mitogen-
activated protein kinases, MAPK)/ERKG# %, MIfiN
WO R AR WO ILE AR AR T, TR AR IR
FSCA Sk IR s DA K B T PR A I A AN

HAUBF R UEA EERRIT 8 P, XA
H Al RIE B35 Exos | bH’U‘iﬁ, i, 7 SMSCs-
exos 5 2 HIRIT REI A SR IT L, NS 5 X
(B T #7278 R 4% SMSCs-exosifA i 7 L4 (1 A
I, Bt BRI TR .

(3) N5 1R) 78 J5i 4 N R U R M i 44 (human
amniotic membrane-MSCs-derived exosomes, hAM-
SCs-exos). A 5[] 78 51 40 il (human amniotic
membrane-MSCs, hAMCs) & K T _F I Z 1) %2 fEfH
S, FAT IR 20 B A B 78 5T T A R KRR A, B
DFTH ZANEZ B8 0, HHadEth. s
ZEME . hAMSCs-exos & 5 Z FAEWEED T, 78
AEPRAF A A T A IR T HLer 4R, iR
VR I A BSORE 56 1R 22 Fh 4l R R -, 5 L6 A Rl
FH 2 ) IncRNA 55 PANTR 1 (#5754 line-POU3F3).
H19(long noncoding RNA H19). OIP5-AS1(long
noncoding RNA OIP5-AS1)#INR2F1-AS1(long non-
coding RNA NR2F1-AS1) & #/EhAMSCs-exosH, 1]
DL A B 40 i e A% o BB A A TR . 5
UC-MSCs-exosZE 1L, =F 5 8] 78 53 48 i R U5 11 T
T3 A B A4 O BT DL I Exos i 5 ) SRY-box 3% 3% [A]
¥ 2[SRY(sex determining region Y)-box transcription
factor 2, SOX2]/FN Lith i fie 2 AL i A 4 B 1O, Xof i
S0 FFERABITER, NARKEK A UC-MSCs-
exosHThAMSCs-exosia 7 14 J7 TH AR 5 52 it 1 5
Z AT Rert.

24 E=Z

R B B N BRR A 40 ) DL K 4 B
HIEI T E Y, collagen TTIHYE BE iN5& )1 collagen THY
AR, A0 AN S5 7 AR 53 A B8~ A8 0 T RR T UK
FEEZERMEN . Exosilid /F F T 15 52 Bk BL A i
i (R IE 3 A B R A IR collagen 1.
collagen TITLA X fibronectin T4 g 714 J5i 24 43 (1) 7~
A BRE L ER ALR fibronectin PR IA , MM 3 B
TH IR T (K 5) -

2.4.1 KRBT mhe kRN bR (epidermal stem cells-
R BT-4 M (EP-
Moy, FER B

derived exosomes, EPSCs-exos)

SCs) A& it 5 75 38 7 25 i 2 11 5 2

AL YERE. TGRSR T R A A, EPSCs-
exos 1] LAE 2 4= 2= 61 1 A I8 A e AN 2% B 2 )
E WEFCR I, 2 e 20 Fi ) e PR 2 FH v DAL 2 412
BEEVEDT DS, DRI EL, KIVEPSCs-exos !
B RZ R mIRNA, i, FiAmiR-425-5p Al
miR-142-3pf] EPSCs-exos, i#il N iff TGF-B1#)RIA
FOV LT ¢ AR IR YT AR , 203 collagenlf) H 2R 9347,
AN BT B JER B A < I A8 A Ao 22 40 5% B0 PR A2 KF
P AETURIR 7 TH] R Wi RS 71643
2.4.2 AR R IR R I bR (keratinocyte-
derived exosomes, Ker-exos) KCAE M Je ik e 3=
%Eﬁfﬁﬂﬂ’@*i AR SR, AR LA R P
s BAA EE DR, B iR ER .
G440 1 T & 358 8% H 2278 miR-16-5p ] Ker-exos AJ
DAY/ JR SR TR 19, it 2 4b, 3 323K miR-16-5pH
Ker-exos il L & 2 41| TGF-B 1%} HDF 14 5L #% Al
1745 il (collagen type I alpha 1, COL1A1)Z A1)
fEHFEEH, RIMH T miR-16-5pid KA ) Ker-exos
8 B2 IR 38 AR IR DL S 21 4 A5 T T VR T 7
PR
243 O EEFEIEATAR 40 iRk IR 69 41 354K (oral mucosa
lamina propria-progenitor cell line-derived exosomes,
OMLP-PCL-exo0s) M s 6 5[5 5 )2 (oral mucosa
lamina propria, OMLP) 140 Sl A T IR i 22 08, &5
i v 45 45 2 2R A VR T 78 5 RS AR AL . OMLP-
PCL-exos LA Z At AIEMBIABUREE , £
A3 R, OMLP-PCL-exos 1] LAYE A [F] 85 o R A%
HERMEEAE T, 645 (L 1 40 i 19 FE A 47 R AR A
LR VRS ET 4ERMI I T B AE /N BRI B B
OMLP-PCL-exosit &7 Hi 411 aSMA FH UL EF 4 B
I I RE S0, B35 B4 Ja BB SR TR, B
36 Q) [ AR RR 3G AR5 0l . 4% B FTiR, OMLP-PCL-
exos ¥ R AT AE Ny — T B AT B AR ST 7 0, fe
A T AT YA MDE R (Y R AR R, I R
R TR A R AR IR T IS 1 .
2.4.4 3 I5eEF T @ik R4 4h s 4K (induced
pluripotent stem cells-derived exosomes, iPSCs-exos)
iPSCs-exos CLAEUF BAFE QI E B (3G 5E . Sy FlAE
Wi A BRL 3 ) 23 WA 45 77 T R B A AN T B AR A 3
1R LTI&&EH%F}W%J%%E’W&%”‘” iP-
SCs-exos & H Z # N2RiPSCsHiTAEEH , b HBER
0] 248 A B 2% 1) 4% Ff mRNA . miRNAF! IncRNA,



KRR A AN RIS S ML AAE 1 T A i R 2% B BURR T AR 1689

Scar remodeling

o-SMA

A . N e
/ @b y S \\ JA
/ NN \
/ v, \
;“ “‘ S \l\) :"vv: ” ‘\\
- W )
P \\\\ a v
\ \\‘i\ S //
Remodeling
ST T T T TS T T T T TSI T T T T T T T T T T T T T T T T T T T T T T T T T T 1
i " ADSCs-exos MenSCs-exos &3 iPSCs-exos ;
: TGEF-B2, Notch-1 * Regulatory proteins SA-B-Gal :
1 N-cadherin, cyclin-1 mRNA MMP-1/3 |
1 — 1
; ];%%/;: %ﬁlﬁien v ﬁ EPSCs-exos FD-MSCs-exos i
: i 2 Notch, BCL-2 ;
. UC-MSCs-exos miR-142-3p BAX i
1 PTEN TGF-B1 1
1 . 1
: SP}I?;I1 X R AlTSCs-exos :
: «n — miR-16-5p g(RcI\}Izi-ls“S;-lsp i
d /\ USCs-exos %O;IAII ’ :
i ® VEGFA, SRPX2 GEp i
1 1
| ANGPTLA, TGF-p @ OMLP-PCL-exos i
: SMADs, AKT, MATN3 :
1 1

ADSCs-exos: JIg I T2 JiL S Y5 1F) A Wb 44, UC-MSCs-exos: JBt 7 S VR T 20 i A7 45 (K AM A 44 USCs-exos: JR I 4 - 2 fitd S Y 1) &1 WA 4K ; MenSCs-
exos: H 2 MR 0 18] 78 53 T 40 Mo SR Y5 ) AN A4, EPSCs-exos: % S T-4H SR IR AN AMA; Ker-exos: £ Jii & 41 i K IR 4 s 4, OMLP-PCL-exos:
A N HEE A 4 SR Y ) S 4% iPSCs-exos: 2 ThRE 55 T4 ISR YR K /M 14, FD-MSCs-exos: fift ) LEL B ) 78 Ji 41 A SR U 1) Sl 44 AFSCs-
exos: “F/KT-4H RIS MAA o

ADSCs-exos: adipose-derived stem cells-derived exosomes; UC-MSCs-exos: umbilical cord-MSCs-derived exosomes; USCs-exos: urine-derived stem
cells-derived exosomes; MenSCs-exos: menstrual blood-MSCs-derived exosomes; EPSCs-exos: epidermal stem cells-derived exosomes; Ker-exos:
keratinocyte-derived exosomes; OMLP-PCL-exos: oral mucosa lamina propria-progenitor cell line-derived exosomes; iPSCs-exos: induced pluripotent
stem cells-derived exosomes; FD-MSCs-exos: fetal dermal-MSCs-derived exosomes; AFSCs-exos: amniotic fluid stem cells-derived exosomes.

E5 ZMIMLAEENEREELNENTEERNS

Fig.5 The different mechanisms of various exosomes in the remodeling stage of wound healing

40 ERK-1/2 B ERAY. , {2 32F B2 Tk 48 it 1y 184 5
U, KIMZ Ui it iPSCs-exos i % N 1 3% % HDF
R 2 A S 1) B-2- FLBE T I (senescence-associated
B-galactosidase activity, SA-B-Gal)FlHE i 4 J& 55 (1
(matrix metalloproteinase-1/3, MMP-1/3) 131k 7K
F, AT A 5 A4 i (human immortalized
keratinocytes, HaCaT)F1 HDF 3% /7, fnkam i f& #A
HEFE B collagen 73 W« AT 2 A 52 Bk A 258 o 1)

PP AR, (R R R B A, WoR i TiPSCs-
exos I THRI7 k2 AL IGTT I 1. BRitb 2 b, F
$ % y(interferon y, IFN-y) i 4t # ] iPSCs-exost 1]
T IL-25F1 IL-33 (¥4 58 mRNAZR L R, ek
£ 1 1/10(keratin 1/10)« MRt & 1 1(desmoglein
1, DSG1)H B B 1 I, 3 1 0 ] B JBk: 8 R Pk 52 i
1 B kB R Th e, H0 T M/ T 00 S0 % B {2
HEA A E T BRI, 58T iPSCs-exosia IT 119847
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TEAN E I ZR, 9 a0 e 23 A0 7 77 52 21 A A4 248 i Sk 5
IR, 3B iPSCs-exosE B I B A4 41 U R AL A
e, Joik e oy K% iPSCs-exos IR IT#E 11, AT LA
iPSCs-exos AL T 1A 7 KR -
2.4.5  FEIURA B IR T m ek R 49 1 kAR (fetal
dermal-MSCs-derived exosomes, FD-MSCs-exos)
G JL B 7 (8 78 5 40 ffd (fetal dermal-MSCs, FD-
MSCs)K U5 T =A™ I J LI E B, BAT g% i
il RSN GRS . SFERE IR AR JT 5. TG
TIRARBEEIE . "o RENBIKREHEF R
AN 55 B4, FD-MSCs-exosifi i Notchfs 5 1 4 ¥4
I HDFIz g fll 3 Wb e 77 U4, Ja ik 73 Wb vl I 40 o 4100
F IR IZ T AT 4E 40 D (keloid fibroblast, KFs) ()4
Wi, NPT T A A B A R -2(b-cell lym-
phoma-2, BCL-2)f 31k BL K b2 I 12 5 3 BCL2
AH 2R X 1 (bel2-Associated X Protein, BAX) )ik,
MR 3E KFs PRI T2, 3 11 400 1) =2 28 [ B R ) 3
A2, 45 3 5 4 1) N TH A R
2.4.6 FKTF ok RN EAR (amniotic fluid stem
cells-derived exosomes, AFSCs-exos) FE SN
BB AR ) LP™ B0 I RATHI FCUESE T AFSCs-exos
HIFFAAE H « AFSCs-exos 1T LS M A1) TH] 1) 41 g A K
BT T BuR. uEf. mAEAER, PR
TIRTE o R AAESTRIR T 1, 1 %X miRNA-146a-
5plt] AFSCs-exosif i #2 7] N i 4k K] 732 #4 4(c-x-¢
motif chemokine receptor 4, CXCR4) LA J2 32 Ji 41 iU {7
£ [K-F--1(stromal cell-derived factor-1, SDF 1)1,
fle it ECMEE 2 LUK e D & & 7 1 AFSCs-
exos i 17 G N I AH S ZH 43 TGF-B1/2 44
K [K-F-(hepatocyte growth factor, HGF). TR EH
(pentraxin), [ 1 AT LAHI$I AF 4E 46 0 R AR GE IR 2
AR R RE TR T JOREMT B i ER A A Ak, RAEPTR
YER, UEBH T AFSCs-exosfE A 8 iG 7 77 NI4T
L

3 BEEFRE

G e A s ) T R R R T W 1) 7 0
2=, AT 7 RO ARG L 4T (03A
7V, BT LL, TEAMIATT I ExosiBHT &5 th K
VAT )T Exos?r & REIEEE A B
miRNA, e 5 Wbk P V6 77 B2 H AT
BRI . B T A ExosiFI T-OUTT AT 4b, R

ExosAeET W% H 8 A 1 — NI R AE SRR YT
R, HZ A Exos Al LATE G TH A A R B BOR 5
REVRITVE R o X3RN BATTIE R KB i, mT B
I G T 175 0 R FH 2 Fh Exos BB B2 F SR il 52 B
AN B AEIRTT TR

B T BT 21 Exos IR IT R34 2 41, Exoshiff
FAAFAEVE 2 75 BRI )/, {540 (1) Exos
JEgAG RNA A 6B S50 0 2 5 DL I
L 26 A #0 M ARTHE 5 (2) Exos MY 5 225 B
VR AT B LA SRR, I A 1), R
A AR )8, Exos i IHASGEHRUR I 17697 F
Bt (3) fEExosfE R FE A, fnfay ik G S0 R 25 5 1)
ExoslI45 M4 The JoiayT 208 ; itk 4k, ik H
SEBEIR AL . WiAe . PERIRIAERY SN R, BT hE
SRCM Exos YR TT RUR, B2 SUB IR a7 Thak;
(4) T& B ERT Exos SEUS I A SREmE , 451 4 J=3 355
A By VESTAES O H PIMRSELS , B Exossg 1
FIRARHME , 38 75 25 2 AR SRIE ¥ Exos [ 5 R
KA 22 A VEPEAS, SRORUE AR I PR AT 1 22 42
(5) Exos H BTMKSARAL T2 2 B B, M PR 5Bt 72 21
I R AIT FE 1G4 AR 1 — B B, 51 oK A
Exosffil # . FREL. 4 25 DA A I it A7 1 1) 3%
BY—bnite, 1 B AR Exos A Fm i, HLHRHEK
DA K 4 5t 75 B G 1 1 SR B A v

Rk, PR AESEATH % 4. B8 &
R Gy = 1) Exos KAH R = il T R R R
R, LT 2 BT TR A s AN R T BT P ) e
Exos28 MY | f 2 3 578 M Exos K8 121 it 24 1 PR
WGIT HIFRHEAL RS , S Exos7E I R AE HE 6 T i &
() R N FH AT 5% o
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