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Abstract Wound healing is a complex and coordinated process affected by multiple endogenous and ex-
ogenous imbalances. Intercellular communication is necessary for wound cell development and maintenance of
wound microenvironment homeostasis. Exosomes are extracellular vesicles that have received special attention
for their regulatory functions in many biological processes in recent years, which can be isolated from almost any
cell, participate in intercellular communication, and participate in normal and pathobiological mechanisms. The
collection or composition of exosomes contributes to cell communication around wound. Exosomes rich in lipids
and proteins mediate the stages of wound healing such as coagulation, inflammation and angiogenesis to regulate
specific immune responses of the body. Therefore, exosomes can help to reconstruct the integrity of tissues. This
paper reviews the structure and function of exosomes and their molecular dynamics involved in various stages of
effective wound healing, in order to evaluate the factors and potential ways that exosomes may accelerate the pro-
cess of wound healing, and to clarify the role of exosomes and their contents in different cells and different signal-
ing pathways.
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Fig.1 The structure of exosome
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Fig.2 The production process of exosome
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Table 1 Physiological or clinical significance of exosomes and components from different sources

/A I FENED s 1 17998
Origin of cell/tissue Main components Physiological or clinical significance
Mesenchymal stem cell miR-132 Enhanced tubular formation

Adipose-derived stem cell

Liver tumor stem cell

Human umbilical vein endothelial
cell

Human kidney cancer stem cell
Trophocyte

Retinal pigment epithelium
Activated T cell

B cell

Enterocyte

Mouse corneal epithelial cell

HIV virus

Amniotic epithelial cell

Monocyte and macrophage

M2 macrophage

Antigen-presenting cell
Dendritic cell

Breast milk

Neutrophil

Vascular smooth muscle cell

Peripheral blood

Melanoma

Urine
Seminal fluid
Tick saliva

Serum

miR-210, miR-126, miR-132, miR-21, miR-
125a

miR-191

miR-6087

miR-223

miR-21, miR-222, miR-let7a, IGF-1

miR-126, miR-30d-5p

Cyclin ki67
miR-423-5p

miR-128-3p

PDGFAA
miR-34a
LncRNA H19

miR-132

CD105

EMMPRIN

VEGF

Fasl, Trail

CD63, CDS81, CD82, CD53, CD37
ISG15, ISG56, Mx2, Anti-HIV miRNA
CD63, LTBP1

CD9, CD81, IL-3, IL-4, IL-8, IL-17
miR-155, miR-223, miR-29a

CD9, HSP 70, Nanog

CCRS, CXCR4

CCL22, CCL24, MFG-E8
IL4, CXCL12, bFGF

Histocompatibilty complex

miR-181a, miR-155
Olfactory protein 4

TGFp1, Fibronectin, HSPG2, Integrina5, oV,
ANXA2, Vesicle protein

miRNA-150-5p
HIF1-a

CD63, TSG101, DMBT1
Anti-virus mRNA
CD63, HSP70
miR-483-3-3p

Increased angiogenesis

Regulated cell cycle and cell proliferation
Promoted endothelial cell differentiation
Regulated macrophage polarization and wound inflammation

Increased neuronal remyelination process, increased hacat cell
migration and proliferation

Inhibited microglial activation and ischemic stroke-induced
inflammation

Stimulated proliferation of Schwann cells

Promoted proliferation and migration of endothelial cells, ac-
celerated angiogenesis

Reduced endothelial cell apoptosis and accelerated wound heal-
ing

Increased collagen and elastin expression

Inhibited fibroblast proliferation

Stimulated angiogenesis by upregulating endothelial VEGFR1
expression

Promoted formation of new blood vessels, maintained normal
function of heart

Promoted angiogenesis and tissue remodeling

Prevented potential autoimmune damage

Marked plasma membrane and ESE

Presenting antigens in response to inflammation
Induced myofibroblast transformation

Stimulated cell proliferation, migration and invasion

Promoted inflammation

Stimulated cells lacking co-receptors, increasing the number of
susceptible cells

Converted M1 macrophages to M2 macrophages

Promoted angiogenesis and re-epithelialization

Stimulated or weakened immune response

Activated T and B cells, modulated

Immune responses

Immunomodulatory effects on keratinocytes

Maintained vascular homeostasis by mediating VSMC-EC adhe-
sion

Inhibited keratinocyte proliferation and inflammation

Increased VEGF expression, induced angiogenesis and expres-
sion of GM-CSF and TNF-a

Enhanced angiogenic activity of endothelial cells
Promoted HIV transcriptional silencing
Delayed skin inflammation and cell migration

Pro-inflammatory, fibroblast proliferation,
shortened wound healing time
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5 1 i — B PRI BRI R 20T 5 35 (1) M A
15 A B R S VP45 A BN L 44, T4
A& I R o, B fe) 38 R 40 22 5 2 1) 1A
TER 20 B2, gURIAE S5 32 A A 1.
Zfk. PLRHE T AR BAE TR 5
J&E A/ A S, @LIL, TNF-o. TGF-B. VEGF.
MMP. CCL% K8, W] 8 3h &RE4H IR IE . 1L
BN R AR RIEDT
B S E AT R TR B4 AE T A A G
S 8 7= AR 55 22 AN W B, e T g 750 8 24 ffg 1%
RAALR D FEE R AM G HLR R, FEE
ERME, BEME S — BRI W ER, nae S
Bt DA SZBH, G B0 AORE, 4 TR K
/NS 7N 111 B2 e R s L N A AR R 2SR K 4
JE R D e BG4, PRtk A 2 Filds 0 G R R E
SAE A LR

WEFC R IR, AR Z 50 E MG 5 7% T,
AN [ 280 B S R ) A AT 3E B Ak 98 9 S L AT
YL M S T AT R . UL FAE . AR TE L
EWAM B K AERES, FiXfEd, sk
Z 5 Y1) 2 A5 5 105, Wnt/B-E R 5 (Wnt/
B-catenin). PI3K/Akt. NF-xB. HIF/VEGF%%, &
AT B ) R e BT PR N AR RRE . 24 4h
WA 5 B2 i kA B, S A 0 AR s M
UL R R FRIA . AT AS . 2 e BRI o
SR AU A, J2E T VA 5T R kA T 2H 2R 1) e AR
2.1 ERELHREFN MR 4 RERY SSRE R L

EL I 41 g (macrophages) A H VK41l (neutro-
phils)E4 T J8RE 34 AR L A Rt A% o 4y T8 B 2
. EMRAIML 3 = Fh 22 . MOBY R REE IR
A, MIBEGRREPFEKIEN, M2BIATHiR . U
I ARMERANE 5, o, MBI M2 5 g
YHHAEA R O @A B Bl DLE ARG A, X P
A BT 10 DN S S B NGUR e B G BE B . ek
A2 A R ATLAAR 6 R e I N de 3 R 4 g S 23 B,
A PARIR 5 5 2 Q05 BRGS0 I R SE AR
PR o AN MR TT T B AH B AR AT e
PN B IG5, [FIE 19 28 5E KT (inflammatory factor)

KL, WA 11 A RRE B

AN IAARTT 5 45 1 XS B g A Ak AL, SR H
MSCsHMBAA ) miR-223 38 i #E 7] pknox 1 PAME 55 M2 F
WA AR R AR AL, T TC /MM () MSCs 51 2% 1R M2
5 Wk A4 i B 2/ A 1 9% 0 A4 i T A R i for
ZOHERAL, SFE MEE IR, ok, AR
B, M1 4 i ] DA ) M2 B g 4 i 54k, A oh e
S AL 7] [ W 4 Y ) RS 22 PR I8 (arginase, M2FRic ) Al
INOS(MIARIE ) , £E45 A7 AT SEEL M1 B
M2BL DU 45 A i 5 b AL AN SR AR . R,
A LIE A 7] A 200 A DR S AN [R) e B 1 g A
S AT 405 VR YT o M2 I 4 i 05 2 A1 s A
i 32 miR-23a-3p/PTEN/PI3K/AktH i M2 E W 4 i 7
S b, BEAR MR 73 b B, & M R 4y
AN R A 9 R R A A T AT REPE . BRI
TEIRIT itz 1 45 W 98 (ulcerative colitis, UC) AT &
I, BMSCUR HI /MR e 52 8EM 1 A B gt i 47 11 4b
BEAE 2 [ F TNF-a.. TL-6F1TL-12, Ffi 5 , M2 %
YR S CD163 381k i, M2 [0 40 A 3 5 43k
IL-10. IL-4. IL-IRASEHURANM 1, B FEE 1
B TR, i1CCL17. CCL22AICCL244E3A P, [7]
i, FRAR 2RE(S 5 IR A MR I miR-590-3p ] M ELE
R FERL R AN, 0% YAP/B-cateninifi] 15 Fr) % 55
IR, G DR, B, LK
IL-84% JEIR A UAMA A 5 1) B2 Jik 98 S A4l fiT %, &
AL RER I, W, 559 FAEENE
HAUE T AP F e, A5 RIEFH 04
SR AT P R R B R MG 5 A A R

K B A A 35 R B A i AA LA 1 )T 2K,
BE 5 B TR N, TZIT R B R I R VR T H A5 BIE
SEo [V M M g 1 4R ) 3 (generalized pustular pso-
riasis, GPP)/& — i 2% L H. ™ 51 [ %8 0E P B ke,
GPP &5 35 1 Hh 1R 40 i EL I 5 N R 431 B8 22 1) b il
A, A0 UAA I S 0 4 AR TR TR A B P A, T8
HNF-kB/MAPK/Z 5 i % LA3E inIL-1B. 1L-18. IL-
36G. CXCEERIE /T HIFRIA, i 7 Bk Rea i T 3 3=
&5, Ak 44 @ THMGB1/TLR4/NE-kB{Z 5 4% B
75 R PR A0 P 1, K R A0 PR A7 B )
I b Pk 4 A IL-1p. TNF-oMIOSMZS 4 i
DRl I BB b Ak, Wt 9 B K B o 1 kL 4 e )
G AR B SRR R EEE L, A A mT DL A
FLAH BRI T2 3 s LA R RE ), XA B T 1 45
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S TT) 2 B, A< ST ] PR 980 S M0 AT &, A b A4
A C50 35 4 1 4 B P T i DA = SR 0% 77, 3d FE ) AR
SN BT 95 00 B0 A 4 e e, T o FE ) 980
LA o 401 T 2405 11 B A R 2 24, K BT 90E
R IEIR G @A Rk, MM TEAS [F] 1) 2% A4
NREE T DA R 2, s O A ke, (|
R, PR DA MR ) S PR D e e A W 221,
FE A BN PR AR WX % HEAT VR A o
2.2 FRRETHEBEIETE

2 2R 98 SE B B I I B B B B B, A5
G2 L 23 SRR A A TR A TH S Bl . R AT 4E4H
it s 1) 0 £ 4 A 3 S SR A g A RS A, B
B IR 47 4 (collagenous fiber). #4444k (elatic
fiber). WPIRZF4E (reticular fiber). WLANER [ A M 4h
B EEHLAE o

FSCAT S 4 i 38 3 7 A R S L o R 1 DAGE R
HIRZHMMPIAS . BEFERY], RUR T I (8] 78 5 T
ZM i (umbilical cord mesenchymal stem cell, UMSC)
() AR miRNA R 1 B ET 4E 40 ) 734k, JF i
4% TGFB2/SMAD215 5 i ¥4/ miR-21-5p. miR-
125-5p. miR-23-3pAImiR-145-5p 2 I [ 11 b 4 i
PR AE AR B IE R S5 B B RE 7T, X PR3 AR 2
W R HZA 0 2 M B R Y, I3 Z s A (2 gk 42 1
ZH SR B AT 4 21 B 386 5 AT HaCaT A\ 287K A4k 3 B 4
FRIE RS, AR i 1 DS AN AR b
NPT AR AN IAARTEAR Ab 5 A 5 140 Y (keratino-
cytes, KCs)fl & 7175 3 LR LT 4 41 g (1 % 40 12, b
WA N b B B R T A 2R S i N R R 2 5 AR )
A, Z RS RE SH B THLER, 4 MA
R AR I, /S BRABE AL 45 405 2 2R AN I R A A IR T A
F1 A R R 28 P AR ORH [R) SRR R M I 7E AN
[ AL T 0T Be A A R E R ®1. 4, 4ii
[ 7% 70 T (18 ) B A TS S @ e 4 B, R R
41 i (adipose derived stem cell, ADSC) 433 i #h
AR PIBK/AKE I8 5, T4 i b TR
J& (Coll) ALK JE (Col3). #tEE . TIMP-1§)
mRNAME [RGB KTy, LT 4840 i 8 58 ik
Fe ik, E AL T a0 R R ¥ R LR
RS A A () 4l B2 AN R B K AT 42 T, R R R g
i AT LA 2 |2 205 S I i ai A

T AR 2 200 Ja S DL I RORE , A
PAAE G T G B A [ ) 34 52 300 R AN [ %) I D A2 55 DA

PRI IG A= o 7RG T A G L, S A BRI T
TS R DR 1) 43, IR G T A 5 5 R & /5
1, A e SRR BT AR A Y 3G 5, et
T WEFCN BRI, ADSC-Exos#i B 2T 24 24 i 5%
HUIF Ak, gk 5 3 12 5 RS D 0 B 10 ) i 30 3 A=
PERRIR BT 4 20 PR B, SX P8 B 7] i 0% miR-
34afl T~ i TGF-B/SMADTF LABUK ™, th4h, ADSC-
Exos I B #1155 22 /N R RO T X3, ZH 43500 i 36
By, RUAT. ISR AR 1 ) 7 AR AT WA B 3G %
T PE B A W 3, A h A 36 3 40 ) 2 i B 1 R A
CAVS D IR T ORI L B AR 4 fb 9, g2 BTk, B
B 1) 1 P A AR S — (IR a3 RS T A 4 33 B R 40 o
PRI AE (AT SE A
2.3 MIMEERK

AN A A A I A R AR RN I A b R AR
o IS I BRI 3E G145 kb 5 i R 2 2R N I &R,
T IR B R BEE A SRS R SR

AN BEIN 92 LA T AR P TEIR T TR 4
RIB , AMBAARTE RS () miR-125a 0] #i CD34 4 5 2
Jfd (endothelial tip cell)fJ LA, [, miR-125af1]
DLL-4/Notch LA™ A Jz 9 g 20 i A1 =25 240 i ik 2
R PRI 267 DT 86 00 Py 2 &4 o A T A ) S 25 T
DR il | = e S/ N I SR E R (S R b
INGY AR AR U T AR A T R g DA R R
A AR . N R IR IS P K2 418 (human um-
bilical vein vessel endothelial cell, HUVEC)HJ#Mis A
TEFOE PKAMS 5 5, WIRTE VEGFIERIE B, [FRS
AR I A L R Angpt 1 R0 Flk 1 s 5 36145 kb 99,
DU 9 R 4R AT R AR 28 . 25Ut , SRty )
785 T 4i Y (human umbilical cord mesenchymal stem
cell, HUCMSC) A4 B P Bz 200 i 1 4 Pt &) 40 2
H (Cyclin) D3# B-catenin, /5 Wnt4FRik Eif{H15
A 10 4k ot 77 Ry B R A e Y A B b B A AT AR Y
AR ET 5 5 P 7 24 L E R PR 2 2H 2 AR O B
WG] UL, AR WA A TR I I PN R 4 A T R 4
I AR BT R A

AU AR AT B I A R R R [R5 1R 4T DA
2 ZHLEE . BMSCRIE A &M 8 i 0%
BMP-2/SMAD1/RUNX2#1HIF-10/VEGF/5 5 i i 52
WEANEFHEE, XMRE B RBAERALF
Ft A KB, HUCMSC-Exos 73 i i) 145 1f 5
J KR T (VEGF) RV 5 5 8 7 - 1a(HIF-10) 3
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15, BOEPI3K/AKtFIMAPK/ERK 1/215 Sl %, #27+ A
J 20 B PR HG B e D AT R TR 1, AR O R AT
RS P b B AR i B i FE A Ui 5152 R
HUCMSC-Exosifs 344 Py IfiL /MR — P9 7 240 i 286 B 231
(CD3 1)1 M 4b Ang2 8 R IE FR B M #2 =1 ke
Bl A2, Bk, MR e B T E A4
R LA A i R AT o (A1 R A,
AU R N B A AE 23 52 B4k 27 B0AE P DR 3R 1) R
Wi, YUPHIERH 7 BMSCAHTA [ AR S BT FE A AT
(atorvastatin, ATV) FiAb 3 f5 nl il it Akt/eNOSiEZ I
W miR-221-3pFIA7K-, LM HUVECH I3 A= B
REJT, & A2 P B mT Be 3 R AMIA ARG YT 15 1 1)
R BRI, AN AT BE 2 HUVECH L AR %
ROR, UER miRNA A a5 4 b R St B i 1 SR AT 20 21
FAERPIHEIER B, g8 b, A A s R 5
AN IAARRE TEORT 2 2 LA N R 40 P ) 3G B A 7%, 3
B AMEEAS 5 R R A Sz 4 20 24k i AR T
FEIIRAE, IRNRZRE 5 BAENLEI 7] 58 & —Fhig 7E
BRI A% T A5 PR SRS
24 AREERK

£ 50T A M A D2 ) B A R A, A
JoT T BG4 B3R 3t 0 A T Tt AT R KK BRI, AN TR
R I A A & VI REE N AN E (S S, 7
A RVEDR -, BRI AR Y AR B R S S A RS . 7
R R ZH VR A 1 R b, miR-2 148 3 £ 5% % 4t i 3
FE IR b R A0 W e R, TEANHR A5
ADSC-Exositli# il miR-21 /)R iE/KF-, izt
i@ it PI3K/AktE 5 18 #% 5 1 MMP-2 41 TIMP-1%5
R, DU A 2 Ik & AR A B, ADSC-
Eoxsfie i /1 Ji /2 T2 B AH A 5 5 R AE SRR Fi
WERIL, Cil 5RNAL G & HPUM2 BAE, BG
PUM2/\ 5] AuroraA/NF-kBiffi i , 75 5 #1 5t I 4t
B4 98 90 S 87, S HL 38 i %44 Py MMP-1 /1 MMP-3
(1) 2 328 R A 2 £ JoT 240 i P 3G BB R A% B8 A s A
XA TUE TR A M E RS TR E 2
BIT AL, H AT AL T R SE BB B AR B R 5
B A R LA WA AR AT A2 a3k N AR 5T R 4 B R 3 A
(K16). 7346 (K10+ IVL). #4%E (TSLP. IL-25. IL-
33, CXCL2)H-F& 13k, $i £ 5178 B2 i
T, (EA R, 2R N B2 4% S8 A A I ok
& miRNA-150-5p IR IA N RE, HA 31 HMGA2/
STAT315 5 168 % B [ £ o2 T2 Wt B ) 3 A S AN
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