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[ Abstract ]

man body and one of the most vulnerable organs. Wounds are

Skin is an important defense barrier of hu-

the result of damage to the integrity of skin. Chronic wounds and
hypertrophic scar formation are the results of abnormal wound
healing, and are also the clinical problems those need to be re-
solved urgently in the field of wound repair. In recent years, re-
searchers have found that mesenchymal stem cells (MSCs) can
promote wound healing, improve wound healing quality, and re-
duce scar formation. The therapeutic effect of MSCs may be de-
rived from the exosomes derived from them. This paper reviews
the research advances of exosomes derived from MSCs in wound

healing and prevention and treatment of hypertrophic scars in re-
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cent years and looks up to the prospect for the clinical applica-
tion.

[ Key words ]

Wound healing; Mesenchymal stem
cells; Exosomes; Hypertrophic scar

Fund program: General Program of National Natural Sci-
ence Foundation of China (81871570)

FEEE AR B R | LA T RS 4 Pk DL R K i R be
15 85 5 | S 0% B TR U A7 A A O 52 ) B 5 Y 2B 3 BT A, B
F B R AE R R O 1A 3 B A A S S0 B R
A 5 ML AR SME (1 S5 RIS [ A2 B 14 ) BE R A5 , 25 JE 3 B 0
ft BREAY SR 5 55 o 3 AT S K B F 9 UE 2 18] S 5T T 41 M (MSC)
B 105 47 25001 28 45 Bl 212 o B A S R R B L, O B
B E A AR 86 By BE L IR ST A R 3K R A O U AR
FMSCIFHIF b ACE TG4 4 R AERFFE I MSC
T LA PY G WA R 55 G WA 0 O 3 W 7 IR TR R HE S R
R AR ok PR A A D, 2010 4F Lai S5 0 B 8 TR /R
) MSC & 2 IR 7, UE S H o MSC AR . AP i & MSC 43
WA )M B I, AT S B T AR AR M L R T
0 5 950 405 0 A5 B s R T R HEOGHEEAE T . 2 HE T
AN, MSC Zh W A S MSC 55 43 W 1 32 B A 30 o0 IF % 45 5
55 L A TR 04 A= 4 2 3500 [R) st A 0% ki 6 MSC 42 B
JIT 1T 000 5 2 R B i 77 38 B 25 ), Sy < AR R 3 97 B A
THHITTRE . A SCHE MSC AN AR 1 A 2 R 1iF S JLAE 3R T
BT G A PR R T R I A R SRR I R

1 SRR
1.1 AR I R U5 K Ty g

20 42 80 4F AN, Pan %51 76 47 2 W 21 41 20 i A i
e, UL 30 21 40 B R K 52 26 AR 38 A — /NS 3 43 U8 B 4
Mok Be, FiR B FUALE Johnstone %57 Y 5246 rf 45 51 31E
oo FeZ RN A 44 AN AR A B A 3 v
JIB A3 J22 8 DA P I 0 6 25 4 3 SR RO IR, AR R
JLAK ZILROK o H AT S 40 S0 2 3 432 34~ 3 A ——
AR B E MR T MAS S AR v B A% 30~100 nm
O AN T R, AT A I T A A O R X ) i
3N AL E T E R B DF T R B WL B 48 i
MWL A R A A R AR R T AR AR A N AR SR T RE b R



+ 496 - a2k 2021 425 H %5 37 &% 5 Chin ] Burns, May 2021, Vol. 37, No. 5

DB E AT SR R Y 4 A1 B 70 2 5 4o 55 430 AR AL
G5 UL KN Ay T S XS S AN 5 S AL ik
A, SIS AA 1 i RL 43T S22 G 2 R AR B 1 T — A T R A ik
WL R N B S 5 AN RE 514 08 R g R A
1E HODRAS SO BIUR AS R, ML 40 AR 34 8 7 A A s, LT
ARTE T MW PRV MBI 37K ST MR, DA RS R i
THE VRV s R N K AR AR R
1.2 MM 53 B A T

SR A7 TE T 25 Tl (R B8 RE 552 W, AR I8 A1 0 A g K
N BB G SR AR AT LR FH RS TR] I R AR A I A AR TR
B IR A 3 B LR UL A T A SR (1) M B0
J2 E A 35 72 B T R R 4 S AN IS AR 1 A T
0 o AT 0 g v O A R Y T 2K RT3 R A 1 Ab
WA AE X R 7 SR FE I AR (2) MR B Ok SR AT
U8 ML AR A BE 3 e L AR /N Y S I AR AT 3 R P 4 B A
WA J7 IR0 (3) AW ULTE L I B4 Py B K Rk
O3 AT A AR TE AR BV R RE R I AR 0 3R A SR
T B TR B T 3 A5 A AR 1) 00 13 AU, o P AT 2R
(4) F 58 S Rk, J2 I 6 0 0 44 182 B 1.0 199 1 2k 5 9 D A
SEE B A U A B I 43 SR (5) SO AR AT AE 1 3 B 4
A AR RN A S — T B SRy e PR 43 B AN AR 1 Ty
L SRR A A0 I A A B AL AR T B R L EAR SR
T3 85 IRy > S 0 A B i R [ R T A

SN AA Sy 25 5 R B AR AT 2 R, A gl Kok 7 BRI 43 AT
E5 % NS F O | 31 C T E s NG 8 U (T 5 NN A AR X &7
B B 5 L AR B R S 4 T T A A A0S I A1 A A A
MR, o, 3% S O R S — R T S W A
B N 24 27 VR N O 2 NG ER R R = =N W R PN R
AR PR o K v
1.3 MSC K HA A i S s R 19 76

MSC ] M-l IR DT AR B A 2 Al 2 gL oy g B R
BRI ST F W MSC 32 B3 i LR 64> i i 0k R v A
Ao (L) 1879 5 200 i B T 40 B Dy L T IR AR 4% 1k At e T
P F -y IL-6. . 1L-8 55, LT 48 B F 1L-4 . 1L-10 55, HIl 55
T ST F N o (2) Hh A TR P A, 80 4R IR B 2T 4R R TP AL -
)= A Ak 7 4 i A K B 7 (HGE) (IL-10 %5, T
W Fb i TGF-B, & T | I BY i i 2 3k . (4) 77 £ HGF AT 41
[ O S A N i R e W [ W S L A |
Hoim WL FD (443 4k, 4 58 Bz Fhb iy 42 01 i i & D gE . (5) 7= 4=
B FGF R VEGF-A e 7 1M 48 A= 78, 1 o i 387 4% 1 (6) 12
BT S5 #8434k S 2 55 B T A 10 25 2 LR A, IR A1 R E SR
PE R ] 5046 KC Bl A8 P Bz A 2

T ARk, Bk B 22 1 BF 9 E 4 22 B, MSC 7R 6 & & 2ot
T e T TR S SR 0 TR T RO B L SRR N TR M T A i A
HE AV (AL RE 4 FE TR ECM A& 0 1 ) fig = 224K
S A W Y A WA AR SE BT MSC Y 25 43 W AR T B B
Haynesworth % W5 2 . 57 3 B MSC J& 7= 4: SM b 14 g
He R A 40 A, 5 MSC H g AN I AR B DL R AL (D) af

L AR I A A e T R A W O AR R
1o (2) BB TE-70 CF KA E AT, N 19 A ROl oy 32 5
WA LR AP, S B IR, EL (8 Tz i o (3) i T[]
Gy TR TV B R R AR By e o (4) B R AR AN
LS A 14 G B HE TR B AR T AV o (5) 38 T B N
F MSC 3 i A I 5 B 28 45 0F AR . DL, A R BN R
J ROk MSC R T BV 76 AR >, L i H 2 U4 4
16 5 5 P A R A Y BIE T R

2 MSCHMBEESIERE BT EMERIRPIER
2.1 A S AE S

FFE A6 LB Bk 1 TE IR A A AN AU D i )L B2
Jok A5 403 J5 WA 98 E T 8 5 R LA T 5 R B T ECM AL
oy K T RIS RN AR AR 2 A Y R L R
i R 2 AL T B 32 45 4 21 AR S5 4 2 R AT 2 1 97 A
B ) e Al A o R R R S I N A0 6 347 R R R ML [
P4 F& 0 M2 B A MR g 40 M o R i A S
NOS. TNF Fl IL-18 %5 & & P 4l Jfg I 7 1 3 30 4 2 o
AE . AR, M2 B A0 5 B 2% 5K 1L-10 . TGF-B R &
T W 145 e B B R FNAE S T ARV . BE S E W AN A
M1 iy M2 B Ak, G T ¢ 6E 19 2o 5 0 38 Jm 1, ) sh 41 24U
SN R I 4N O T A A R R TP A
HETAMEH . Cosenza Z ¥ HF5¢ K W], MSC A 4 19 40 W8 & 7]
) ML Y A, H AT RE s S 3 ) M2 B I A A A
3 —IWF 5T BN, LPS 14 B () MSC il oAb 3 A4 32F 1 92
FR S N 1 U A4 ) M2 B AR R 2B ALY k4t
MSC A1 35 A BT 31 44 G 328 20 JH 40 T 400 8 B 40 8 SR A i 4l
I 488 57, 4% G 5 0 oA L OB R ask B 4R BN MSC AR
WA AT R S N TR A L LiZEDT SR R, A MSC
AN AR T U A0 i A BT T I Toll B 3Z AR 4 4% H T «B/P6S
R AL P6S A5 8 1 3k, It B IR T R 5E W 740 1L-18
ATNF-o B, BT RAE B F AR | S i A b (7
/INRNA (miR ) 7E 4 5iE F o H o8 7, Alexander 25720 W1 28 3|
miR-155 Fl miR-146a f& 8 7 4 E 1Y 2> B 53, 1E /N U
0 e 38 2k AN A A 25 25 miR-146a 7] T 8 4 0F JE R 22 38 0 98 4%
LPS 75 5 (1 98 5F J i, AT A i B 1] A& o H b w] B, MSC
A0 UM TE B B A0 2 B Uk 48 RE SN Hh LA AR
fEHL
2.2 REGITE Y I R

B 1002 X O T A A R AT A i T TR R 2 18 T
il 5 BN M T SR A MR . A AR LR R T B A
B — 543, VA B2 200 B v 38 T R AR LA I 7 SR S R, BE
WFT IR A, BB 51 UL 52 5] MSC A0 36 1A 72 472 8 4] 1 1 72
A lh B HEE AR LiECYHEST R, AN IR AS (G 5
IR & A I8 RN 9 AE BT 14 43 90 17 L 388 3e S 5 o A DR
AT I Y AR R B, R HE BT A AR T DA T 5 ) T 18 B I
B, B R, AT MSC A WA 4 38 55 300E Wnt-4/8 -4
e SRl N (T NI o W5 7 o s LA T = A ST A



A52021 45 HE 37 5% 5 Chin J Burns, May 2021, Vol. 37, No. 5 - 497 -

Pendergrass 5“4t 38 T 2 Ak S0 AL B MSC 5T 14 T
A AR B R  BEO DL AR D o Bai SRV HE— 2B TR B
715 A 7)o 4R Ak AT BE A MSC Ah I 1 58 7% B S 1) 412 1 A
A CRE 7, DA B v SR L P AR 05 1 B B R IR IR
YA S B/ AN T N Ik N A0 R N
34 R AR 56 ) BE A Gong 252 WLEE 21 MSC Ah ik 4
RE A% 76 U S 0 N B 15 Jk P 2 400 M 0t 8 4 R 25 AT . Y
Ah RS R BT BB IE I AT 5 M MSC BRI A i A 7R IR
FAFTT L NNR I MSC AT BB AN I VR 8005 26 1 S A R AR L R
S 0005 A Y o A R TR B R T E N A R MISC A A A 4 B
AT 05 Jagged 1/Noteh 38 [, 42 =5 0 A FE B i ik P9 %2 40
b SR AN A T B RE T SRR, — E Lk
AEVE S MSC AU 45 A= i BE J1 . AR5 R, miR-126 76 — &
A0 U MSC 1 F1 0 4% v 22 35 19 5, DATTT B8 4 3t 42 39F 1 2
AT OB I P R A0 A s AR 5 A T A S 0l A A
KW (FGF . VEGF .\ TGF-B, .HGF . 4% 45 20 21 = K K 1 fl
IL-6) 1 mRNA, Jf 95 5 A JF # Ik N K2 40 M 09 & 40 i 55
T mg e,
2.3 A BEA I A5 R 2 i T

FEHG AN, P | N Rz 400 25 S [R]% p 4 T8 1) PR 2E 220, Bl
J& Fb 2 50 0 e & 0 4E 2R BRI T 1 ECM Bl ) T A
AU B A B ECM B A T I AL 2F MR SRR 1 T
TR A R P ZE AL e T8 i D e 2 e T 8 s D A A
B R 2B ECM M 43 . A RS WA B, MSC Ah ik 14
AT LA P R U 40 (A0 Fb R KC) Y 38 B 0 A, i e 1 1 A
AP, Choi S WL 5% 5 AN I MSC 4 4477 LN 7 Fb
KC B R34 o ik — 20 58 2 W, AR I MSC AM i R 4l
S LA AR 8 A 7 20 Ak B A4 2R BRERVE S Fb 4k MSC
SR JE I R A R AR 1 NS G AR L
BET AN M AZ P IR L T 0 fe R T80 Je A A 05 He A2 R A
MSC Al B 3E W 417G A R A D) &L . 1 4, MeBride 2567 M0 £2 5]
BB MSC 7 A 1Y A WA AR T LAUGR HE Fb 1 38 % FLEG 46, O RE T
S A A . Kim 555458 1 529 TE B, R MSC Ah i 14 BE
L b 384 58 FE B O g 02 3 I S AR PRS2 0 A
PR 45 F AR R TR 19 43 6 R SR EGF LG FGF, DA £2
YEA I AT G o e Ah, Tooi 25155 28 1] JIfs 4+ 40 18 v 43 85 1 Y
SRR 3 T N FD Y AT Sk . Zhang 255 0 HF 5T 26 BB
H MSC A1 4% R % 388 o 0T 26 1 R B 3E K 75 3 N KC A
Fb )45 .
2.4 WRIRIE Y

PR IR Y IR 41 20 8 1 — 8 43, R A0 T A Y
He B B 3 AL VIR 2 UL FD 7 A DS R DR A bk 2
REZE ALY ES A . 7B/ USRS v | JR0E B B it 2 15 105 200 il 25 B
AL WEER, HEFHOG O IEBEY . ML, AhE
I AN T A R AR T B 2 A AN, DL R S ke R
1 A7 A B I 20 o S O T Y R A BT AR
AT DL, P R I 200 B 1 3 6 0 T A A AR
KA HFFT B 2 UE 1AM I8 A EL AT 38 5 JE A 7 L (ELJ A s Ak

Fil A5 R T @ T £ 4 A6 T B E— B R SY . Zhao VR E
T MSC A1 3 A RE 8% 38 38 5 il ECM A9 TR K Uk 2 i IR T
B, 1% AT BN G L ) 2T 2 21 4 b g A WA R i 3 o 2 T 40
I HK o Wang 25700088 S i bk 7 55 NG I MSC AR s & 7]
4 /N R T AL B I Fb 2y 46k UL Fb L $R & TGF- B, 5
TGF-B, M HAH . JEAF R TFoE A, 245 O & 300, A g i
MSC Y A A A 23 175 5 8 T 2R 10 11 32 3 5 {H 78 W 3D, 3k 2 41 i
)25 0 fig i 1 0 R, MU A RR A B A AL
Ut , Pelizzo %51 5% 3¢ W1, SR JIig s 0 B 46 5k U5 A MSC 2h 3 14
e AR P AR 7 10 A O IO T A s e S L,
WFFE 3 46 1, B8 I MSC A1 W44 LE B 8 MSC A1 i 14 e T8
AR UE O A o Kim ZEDUBE5E T B MSC Ah s 4 1
T SRR 11 0 7 2 RS 3 R T AL KK B RE L A AT 5
B 22 A0 R b 3 1 Bz o 240 b EL A T SR Y 1S SRR ) L R Mg
FI) Bz 0 20 M 5 B A e AR IR AR AR R . il s
F5E 2 B, MSC AM AR 7E ECM TE 98 of FLA T 54, 2 kb
TRIRIE B 1] GE ML

3 MSCohidh iyl IR Bz A i 5 F0 PR I & H st
3.1 RN R

MSC A i R FE 3R 97 G T A6 B sl T i R T 1l T LA
FORVE Iy o AR, oh T 00 i v b o 2 e, 0 ik a4 4
AT IR SR I PR Rk, Y & RE 08 2 N HLAE
A TAT 5 252 B8 T 20 o A1 WA 1R ) B8 14 A= 0 R 25 1 S R % A
WA BT AR T B E B L A W IR K B BORHE R
— PR RS0 S AL FE A T A R 4 2 1 R R A
AT R A% 3 2 M B AN . Wang 853 AN A 1Y
BITIIARYT  RTNTF R T —Fp AT BOE AT S BB 1k i 55
Z Rl T REAY S0 I PR K BRI 2 38 FEP@exo , AN (AT LA 4 R
9 Q) T 1) A, T EL T LA B TR R 8 R A A A I R R A I
TR A 3% M o Shi %46 T — B o] A= W A HLELA AR
e 25 M ) B AR ——5T TR - 22 K B IV 4 L 38 3N T i
MSC AM A1k, fE W 25 42 3F R FRUBE PR % B T 1 @ & o et
Han 257 A JBF A7 MSC 138 W H 43 B & H miR-675 1 4b
WA, 5 A B 22 R AR AL 8 miR-675 1Y
S IR ET A B K BRI , 2K RS A AR 0 RN R D B AT 4R R
AN A T T AN IR miR-675 BIAE T ] . bR BIF Y
FWR TF RS WA -2E ) bR E T TR T A A TR YT R AR MR
R AT AT AT R
3.2 AN IR BR

LRI S0 8 A 36 7 B 1T B 38 A M R DA TR
(A AE 2 SR B o SR 300, A0 I A A J 3 v o ok 1 5 5
BJUE WA BT ORI ia T T B B
AN IR T Bl B JOIE RS R AR o A AR K O I 4 A
PO RE— S R i e T X — ) B, {EE SRR 5 3R 3 v 3R
TR A WA TR e RIS, R BB IR BRI BT T A R . BRI R
FASE Az 7= A1 W8 A et I DR 1 2 0 00 o B RS WA AR 1Y 43
BRI R S 2 B, B A . el B AR AR R



+ 498 - a2k 2021 425 H %5 37 &% 5 Chin ] Burns, May 2021, Vol. 37, No. 5

5 PRIAIT T M s, Ll 22 B0 8 25 0 4 32 R RO T B i ok
M B, 5340, Hu S R AR v S0 = B JR 45 1, 7T

MR35 97 5 1 TR 4 B MSC Ah I A4 (H S RE 5 58 4 i
JE A2 7 ) v 15 B 5 11 1oy LB A B
3.3 AMIRYT I et

LT B MSC AR PR FE TR YT 1 28 MR T AT U A
F A JR B 0 DA T R R A ) AR T B AN R T IE T
PLSZFF o ABRIEUESE , AT LU o A 4 TR T B S I A Y
PR (R R S LRI TR E RORE L2 R G
T AR AR ATR T AT W LR E Rl L o A A I AR
FRARAE R AN I AR LR O T R S R A T AR A
105, B35 £ LA mg B0 Ay 7= 127, X M4 (9 e k)
HUT 28 (1)IRIT 259 5 S0 R JL [R5 & of e 2
W55 A0 W A I R 1% 3%, 25 0T U B VR BE MG B R A W 1A
P, Haney 5517 2 Hb o 13 421k S0 5 AN RAW264.7 /) il
20 P R B AN AR R (2) AT 25945 46 40 i ) 007 7
LA 2 0 £ 2 W A B L 43 0 A 25 Y A I AR Pascucei
S PG AR H 28RS AL B SR4987 K LAY MSC, 2R J M 4k HR
S B A A v R T BRI SR AZ B S A A, 5 O 22 Ak 4 i
G300 (4 A IR HE L T A IR TR L (3) HL S 5L K
J5 v K L G VR T B TR AR S LR T R A AR P AL
RE XA F 2, A UGB L7 A i B FL B, 245 9 v 28 py L BR ik
NS AAR e SR 5 T 2R 24 5 R 4 AR R A A B A T ) o
PR BRIz N TR/ T RNA 3 miR 20 A S0
M TG e R m T AR R g )y ik () (kg SRk il
LA FIRE 0 5 F 8 B B B AN R T, 2 — A AR Y b
WA S O T (5) e P L v < A A 4T i H 5 i E 3R
B ST B G, 20 G i D ) i DR A B ) 1, X R R P T
%%%ww~ﬁﬁwo%m$“mmM%mmnmmm
A 240 B 43 s A I A O L DS B Y A A
AR A TREXS 2 R A Wb 447 3k 04 vk il — £ ”,m&%
AN F AN AT B B RS R .

4 NE5RE
D%%MWB%V&M%/EME%%%E&N‘&*
1A T BE A5 5 TR A TR A 1 I R AT 5% L ok 4 a8 1 T
@QE%%%&@%E%&%%@%WUMTwO A
FEUE A MSC Zh s 1 vT 38 b 42 3 1 Bz 20 6 . P9 K2 48 iR R Fb 1Y
H5H R R, AR AR A T A A5 T A A AR R A AT ECM
) T I el /D R IR B o TR 2 e % A S B R ik
FE AL MSC Ab I A i 722 R DL R AT 4500 43 Tin 5 6 47 i 45
8 MSC A1 WM 2 9 4 1 49 80 a0k — 25 B s o i R L A Ak
WA e & PE R T 2805 T 48 LA g 1) o7 P 5t L AELAT o 22
T2 1 I R T 6 2 JHL I PR A Ak I o
FEEIRR A 1EH 75 PR AEAE R 13 vp 28

5% 3k
[1] Jackson WM,Nesti LJ,Tuan RS.Mesenchymal stem cell therapy

[4]

[7]

[10]

[14]

[16]

for attenuation of scar formation during wound healing[J]. Stem
Cell Res Ther,2012,3(3):20.DOI:10.1186/scrt111.

Phinney DG, Prockop DJ. Concise review: mesenchymal stem/
multipotent stromal cells: the state of transdifferentiation and
modes of tissue repair--current views[J].Stem Cells,2007,25(11):
2896-2902.D01:10.1634/stemcells.2007-0637.

Keshtkar S, Azarpira N, Ghahremani MH. Mesenchymal stem
cell-derived extracellular vesicles: novel frontiers in regenera-
tive medicine[J].Stem Cell Res Ther,2018,9(1):63.D01:10.1186/
$13287-018-0791-7.

Lai RC, Arslan F, Lee MM, et al. Exosome secreted by MSC
reduces myocardial ischemia/reperfusion injury[J].Stem Cell Res,
2010,4(3):214-222.D01:10.1016/j.5¢r.2009.12.003.

Yu B,Zhang X,Li X.Exosomes derived from mesenchymal stem
cells[J]. Int J Mol Sci, 2014, 15(3): 4142-4157. DOI: 10.3390/
ijms15034142.

Pan BT, Teng K, Wu C,et al. Electron microscopic evidence for
externalization of the transferrin receptor in vesicular form in
sheep reticulocytes[J]. J Cell Biol, 1985, 101(3): 942-948. DOI:
10.1083/jcb.101.3.942.

Johnstone RM, Adam M, Hammond JR, et al. Vesicle formation
during reticulocyte maturation. Association of plasma membrane
activities with released vesicles (exosomes)[J].J Biol Chem,1987,
262(19):9412-9420.

Yaiiez-Mo6 M, Siljander PR, Andreu Z,et al.Biological properties
of extracellular vesicles and their physiological functions[]]. ]
Extracell Vesicles,2015,4:27066.D01:10.3402/jev.v4.27066.

Li Z,Wang Y,Xiao K,et al. Emerging role of exosomes in the joint
diseases[J]. Cell Physiol Biochem,2018,47(5): 2008-2017. DOI:
10.1159/000491469.

Witwer KW,Buzas EI,Bemis LT, et al.Standardization of sample
collection, isolation and analysis methods in extracellular vesicle
research[J].J Extracell Vesicles,2013,2.D01:10.3402/jev.v2i0.
20360.

Lotvall J, Hill AF, Hochberg F, et al. Minimal experimental
requirements for definition of extracellular vesicles and their
functions: a position statement from the International Society for
Extracellular Vesicles[J].] Extracell Vesicles,2014,3:26913.DOI:
10.3402/jev.v3.26913.

Lo Cicero A,Stahl PD,Raposo G.Extracellular vesicles shuffling
intercellular messages: for good or for bad[J].Curr Opin Cell Biol,
2015,35:69-77.D01:10.1016/j.ceb.2015.04.013.

Eldh M, Ekstrom K, Valadi H, et al. Exosomes communicate
protective messages during oxidative stress; possible role of
exosomal shuttle RNA[J]. PLoS One, 2010, 5(12): e15353. DOI:
10.1371/journal.pone.0015353.

Colombo M, Raposo G, Théry C. Biogenesis, secretion, and
intercellular interactions of exosomes and other extracellular
vesicles[J]. Annu Rev Cell Dev Biol, 2014, 30: 255-289. DOI:
10.1146/annurev-cellbio-101512-122326.

Zhang Y, Liu Y, Liu H, et al. Exosomes: biogenesis, biologic
function and clinical potential[J]. Cell Biosci, 2019, 9:19. DOI:
10.1186/s13578-019-0282-2.

Konala VB,Mamidi MK,Bhonde R,et al.The current landscape of
the mesenchymal stromal cell secretome: a new paradigm for
cell-free regeneration[J]. Cytotherapy, 2016, 18(1): 13-24. DOI:
10.1016/j.jeyt.2015.10.008.

Théry C,Amigorena S,Raposo G,et al.Isolation and characteriza-
tion of exosomes from cell culture supernatants and biological
fluids[J]. Curr Protoc Cell Biol, 2006, Chapter 3: Unit 3.22.DOI:
10.1002/0471143030.¢h0322s30.



e

Btk 2021 455 A5 37 &5 5 Chin J Burns, May 2021, Vol. 37, No.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Cheruvanky A,Zhou H,Pisitkun T,et al.Rapid isolation of urinary
exosomal biomarkers using a nanomembrane ultrafiltration
concentrator[J]. Am J Physiol Renal Physiol, 2007, 292(5):
F1657-1661.D0I1:10.1152/ajprenal.00434.2006.

Fitzgerald J,Leonard P,Darcy E.et al. Immunoaffinity chromatog-
raphy: concepts and cpplications[J].Methods Mol Biol,2017,1485:
27-51.D01:10.1007/978-1-4939-6412-3_3.

Yang F.,Liao X,Tian Y,et al. Exosome separation using microfluid-
ic systems: size-based, immunoaffinity-based and dynamic meth-
odologies[J].Biotechnol J,2017,12(4).D01:10.1002/biot.201600699.
Rikkert LG, Nieuwland R, Terstappen L, et al. Quality of
extracellular vesicle images by transmission electron microscopy
is operator and protocol dependent[J].] Extracell Vesicles,2019,
8(1):1555419.D01:10.1080/20013078.2018.1555419.

Pers YM,Ruiz M, Noél D, et al. Mesenchymal stem cells for the
management of inflammation in osteoarthritis: state of the art and
perspectives[]J]. Osteoarthritis Cartilage,2015,23(11):2027-2035.
DOI:10.1016/j.joca.2015.07.004.

Haynesworth SE, Baber MA, Caplan Al Cytokine expression by
human marrow-derived mesenchymal progenitor cells in vitro:
effects of dexamethasone and IL-1 alpha[J].J Cell Physiol, 1996,
166(3): 585-592. DOI: 10.1002/(SICI)1097-4652(199603)166:
3&11;585::AID-JCP13&gt;3.0.C0;2-6.

Yeo RW, Lai RC, Zhang B, et al. Mesenchymal stem cell: an
efficient mass producer of exosomes for drug delivery[J]. Adv
Drug Deliv Rev,2013,65(3):336-341.D01:10.1016/j.addr.2012.
07.001.

Kishi K, Okabe K, Shimizu R, et al. Fetal skin possesses the
ability to regenerate completely: complete regeneration of skin
[J]. Keio J Med, 2012, 61(4): 101-108. DOI: 10.2302/
kjm.2011-0002-ir.

Lu K,Li HY,Yang K,et al. Exosomes as potential alternatives to
stem cell therapy for intervertebral disc degeneration: in-vitro
study on exosomes in interaction of nucleus pulposus cells and
bone marrow mesenchymal stem cells[J]. Stem Cell Res Ther,
2017,8(1):108.D01:10.1186/s13287-017-0563-9.

Oishi Y, Manabe 1. Macrophages in inflammation, repair and
regeneration[J].Int Immunol,2018,30(11):511-528.D01:10.1093/
intimm/dxy054.

Krzyszezyk P,Schloss R,Palmer A, et al.The role of macrophages
in acute and chronic wound healing and interventions to promote
pro-wound healing phenotypes[J].Front Physiol,2018,9:419.DOI:
10.3389/fphys.2018.00419.

Mills CD.M1 and M2 macrophages: oracles of health and disease
[J]. Crit Rev Immunol, 2012, 32(6): 463-488. DOI: 10.1615/
critrevimmunol.v32.i6.10.

Mills CD. Anatomy of a discovery: M1 and M2 macrophages[J].
Front Immunol,2015,6:212.D01:10.3389/fimmu.2015.00212.
Krenkel O,Tacke F.Liver macrophages in tissue homeostasis and
disease[J]. Nat Rev Immunol,2017,17(5):306-321.D0I1:10.1038/
nri.2017.11.

Lucas T, Waisman A, Ranjan R, et al. Differential roles of
macrophages in diverse phases of skin repair[J].J Immunol,2010,
184(7):3964-3977.D01:10.4049/jimmunol.0903356.

Cosenza S, Ruiz M, Maumus M, et al. Pathogenic or therapeutic
extracellular vesicles in rheumatic diseases: role of mesenchymal
stem cell-derived vesicles[J].Int J Mol Sci,2017,18(4):889.DOI:
10.3390/ijms18040889.

Ti D, Hao H, Tong C, et al. LPS-preconditioned mesenchymal
stromal cells modify macrophage polarization for resolution of

chronic inflammation via exosome-shuttled let-7b[J]. J Transl

[35]

[43]

[46]

[47]

[49]

+ 499 -

Med,2015,13:308.D01:10.1186/s12967-015-0642-6.

Li X,Liu L,Yang J,et al. Exosome derived from human umbilical
cord mesenchymal stem cell mediates MiR-181c attenuating
burn-induced excessive inflammation[J]. EBioMedicine, 2016, 8:
72-82.D01:10.1016/j.ebiom.2016.04.030.

Alexander M, Hu R, Runtsch MC, et al. Exosome-delivered
microRNAs modulate the inflammatory response to endotoxin[J].
Nat Commun,2015,6:7321.D01:10.1038/ncomms8321.

Ribeiro MF,Zhu H,Millard RW,et al. Exosomes function in pro-
and anti-angiogenesis[J]. Curr Angiogenes,2013,2(1):54-59.DOI:
10.2174/22115528113020020001.

Li M, Wang T, Tian H, et al. Macrophage-derived exosomes
accelerate wound healing through their anti-inflammation effects
in a diabetic rat model[J]. Artif Cells Nanomed Biotechnol,2019,
47(1):3793-3803.D01:10.1080/21691401.2019.1669617.

Zhang B,Wu X,Zhang X,et al. Human umbilical cord mesenchy-
mal stem cell exosomes enhance angiogenesis through the Wnt4/
B-catenin pathway[J].Stem Cells Transl Med,2015,4(5):513-522.
DOI:10.5966/s¢tm.2014-0267.

Pendergrass KD,Boopathy AV,Seshadri G,et al. Acute precondi-
tioning of cardiac progenitor cells with hydrogen peroxide en-
hances angiogenic pathways following ischemia-reperfusion inju-
ry[J]. Stem Cells Dev, 2013, 22(17): 2414-2424. DOI: 10.1089/
s¢d.2012.0673.

Bai Y,Han YD,Yan XL,et al. Adipose mesenchymal stem cell-de-
rived exosomes stimulated by hydrogen peroxide enhanced skin
flap recovery in ischemia-reperfusion injury[J]. Biochem Biophys
Res Commun,2018,500(2):310-317.D01:10.1016/j.bbrc.2018.
04.065.

Gong M, Yu B, Wang J, et al. Mesenchymal stem cells release
exosomes that transfer miRNAs to endothelial cells and promote
angiogenesis[J]. Oncotarget, 2017, 8(28): 45200-45212. DOI:
10.18632/oncotarget.16778.

Gonzalez-King H, Garcia NA, Ontoria-Oviedo I, et al. Hypoxia
inducible factor-la potentiates jagged 1-mediated angiogenesis
by mesenchymal stem cell-derived exosomes[J].Stem Cells,2017,
35(7):1747-1759.D01:10.1002/stem.2618.

Xue C,Shen Y,Li X, et al.Exosomes derived from hypoxia-treated
human adipose mesenchymal stem cells enhance angiogenesis
through the PKA signaling pathway[J]. Stem Cells Dev, 2018,
27(7):456-465.D01:10.1089/5¢d.2017.0296.

Du W,Zhang K,Zhang S,et al. Enhanced proangiogenic potential
of mesenchymal stem cell-derived exosomes stimulated by a
nitric oxide releasing polymer[J]. Biomaterials,2017,133:70-81.
DOI:10.1016/j.biomaterials.2017.04.030.

Dostert G,Willemin AS,Jouan-Hureaux V,et al.Evaluation of the
pro-angiogenic effect of nanoscale extracellular vesicles derived
from human umbilical cord mesenchymal stem cells[J]. Biomed
Mater Eng,2017,28(Suppl 1):375-79.D01:10.3233/BME-171626.
Montemurro T, Vigand M,Ragni E, et al. Angiogenic and anti-in-
flammatory properties of mesenchymal stem cells from cord
blood: soluble factors and extracellular vesicles for cell regenera-
tion[J]. Eur J Cell Biol, 2016, 95(6/7): 228-238. DOI: 10.1016/].
ejch.2016.04.003.

Van De Water L, Varney S, Tomasek JJ. Mechanoregulation of
themyofibroblast in wound contraction, scarring, and fibrosis:
opportunities for new therapeutic intervention[J]. Adv. Wound
(New Rochelle), 2013, 2(4): 122-141. DOI: 10.1089/
wound.2012.0393.

Volk SW, Igbal SA, Bayat A. Interactions of the extracellular

Care

matrix and progenitor cells in cutaneous wound healing[J]. Adv



+ 500 -

[50]

[51]

[53]

[55]

[56]

[57]

[58]

[60]

[62]

[63]

AR 2

52021 45 A% 37 5% 5 Chin ] Burns, May 2021, Vol. 37, No. 5

Wound Care (New Rochelle),2013,2(6):261-272.D0I:10.1089/
wound.2012.0417.

Ferreira A,Cunha P,Carregal VM, et al.Extracellularvesicles from
adipose-derived mesenchymal stem/stromal cells accelerate
migration and activate AKT pathway in human keratinocytes and
fibroblasts independently of miR-205 activity[J].Stem Cells Int,
2017,2017:9841035.D01:10.1155/2017/9841035.

Choi
adipose-derived stem cells promote proliferation and migration
of skin fibroblasts[J].Exp Dermatol,2018,27(10):1170-1172.DOI:
10.1111/exd.13451.

Hu L, Wang J, Zhou X, et al. Exosomes derived from human

EW, Seo MK, Woo EY, et al. Exosomes from human

adipose mensenchymal stem cells accelerates cutaneous wound
healing via optimizing the characteristics of fibroblasts[J]. Sci
Rep,2016,6:32993.D01:10.1038/srep32993.

McBride JD,Rodriguez-Menocal L,Guzman W,et al. Bonemarrow
mesenchymal stem cell-derived CD63(+) exosomes transport Wnt3a
exteriorly and enhance dermal fibroblast proliferation, migration,
and angiogenesis in vitro[J].Stem Cells Dev,2017,26(19):1384-
1398.D0I1:10.1089/s¢d.2017.0087.

Kim YJ, Yoo SM,Park HH,et al. Exosomes derived from human
umbilical cord blood mesenchymal stem cells stimulates
rejuvenation of human skin[J]. Biochem Biophys Res Commun,
2017,493(2):1102-1108.D01:10.1016/j.bbrc.2017.09.056.

Tooi M,Komaki M, Morioka C,et al.Placenta mesenchymal stem
cell derived exosomes confer plasticity on fibroblasts[J]. ] Cell
Biochem,2016,117(7):1658-1670.D01:10.1002/jch.25459.
Zhang B, Wang M, Gong A, et al. HueMSC-exosome mediat-
ed-Wnt4 signaling is required for cutaneous wound healing[J].
Stem Cells,2015,33(7):2158-2168.D01:10.1002/stem.1771.
MacLeod AS,Mansbridge JN.The innate immune system in acute
and chronic wounds[J]. Adv Wound Care (New Rochelle), 2016,
5(2):65-78.D01:10.1089/wound.2014.0608.

Zhu Z,Ding J,Ma Z,et al.Systemic depletion of macrophages in
the subacute phase of wound healing reduces hypertrophic scar
formation[J]. Wound Repair Regen, 2016, 24(4): 644-656. DOI:
10.1111/wrr.12442.

Zhao B,Zhang Y, Han S, et al. Exosomes derived from human
amniotic epithelial cells accelerate wound healing and inhibit
scar formation[J].J Mol Histol,2017,48(2):121-132.D01:10.1007/
s10735-017-9711-x.

Wang L,Hu L,Zhou X,et al.Exosomes secreted by human adipose
mesenchymal stem cells promote scarless cutaneous repair by
regulating extracellular matrix remodelling[J].Sei Rep,2017,7(1):
13321.DOI:10.1038/s41598-017-12919-x.

Pelizzo G, Avanzini MA, Icaro Cornaglia A, et al. Extracellular
vesicles derived from mesenchymal cells: perspective treatment
for cutaneous wound healing in pediatrics[J]. Regen Med, 2018,
13(4):385-394.D01:10.2217/rme-2018-0001.

Riau AK,Ong HS,Yam G,et al.Sustained delivery system for stem
cell-derived exosomes[J]. Front Pharmacol, 2019, 10: 1368. DOI:
10.3389/fphar.2019.01368.

Ma H,Zhou Q,Chang J,et al.Grape seed-inspired smart hydrogel

[64]

[65]

[67]

[70]

[71]

[72]

scaffolds for melanoma therapy and wound healing[J].ACS Nano,
2019,13(4):4302-4311.D0O1:10.1021/acsnano.8b09496.

Mao C.Xiang Y,Liu X,et al.Photo-Inspired antibacterial activity
and wound healing acceleration by hydrogel embedded with Ag/
Ag@AgCl/ZnO ACS Nano, 2017, 11(9):
9010-9021.DOI1:10.1021/acsnano.7b03513.

Wang M, Wang C, Chen M, et al. Efficientangiogenesis-based

nanostructures|]J].

diabetic wound healing/skin reconstruction through bioactive
antibacterial adhesive ultraviolet shielding nanodressing with
exosome release[J]. ACS Nano, 2019, 13(9): 10279-10293. DOI:
10.1021/acsnano.9b03656.

Shi Q, Qian Z, Liu D, et al. GMSC-derived exosomes combined
with a chitosan/silk hydrogel sponge accelerates wound healing
in a diabetic rat skin defect model[J]. Front Physiol,2017,8:904.
DOI:10.3389/fphys.2017.00904.

Han C, Zhou J, Liu B, et al. Delivery of miR-675 by stem
cell-derived exosomes encapsulated in silk fibroin hydrogel
prevents aging-induced vascular dysfunction in mouse hindlimb
[J]. Mater Sci Eng C Mater Biol Appl,2019,99:322-332. DOI:
10.1016/j.msec.2019.01.122.

Hu P, Yang Q, Wang Q, et al. Mesenchymal stromal cells-exo-
somes: a promising cell-free therapeutic tool for wound healing
and cutaneous regeneration[J/OL].Burns Trauma,2019,7:38[2020-
04-10]. https://pubmed. ncbi. nlm. nih. gov/25091427.DOT: 10.1186/
s41038-019-0178-8.

Akyurekli C, Le Y, Richardson RB, et al. A systematic review of
preclinical studies on the therapeutic potential of mesenchymal
stromal cell-derived microvesicles[J]. Stem Cell Rev Rep, 2015,
11(1):150-160. DOI: 10.1007/s12015-014-9545-9.

Gimona M,Pachler K,Laner-Plamberger S,et al.Manufacturing of
human extracellular vesicle-based therapeutics for clinical use
[J].Int J Mol S¢i,2017,18(6):1190.D01:10.3390/ijms18061190.
Haney MJ,Klyachko NL,Zhao Y,et al. Exosomes as drug delivery
vehicles for Parkinson’s disease therapy[J].J Control Release,
2015,207:18-30.D01:10.1016/j.jconrel.2015.03.033.

Pascucci L,Cocce V,Bonomi A,et al.Paclitaxel is incorporated by
mesenchymal stromal cells and released in exosomes that inhibit
in vitro tumor growth: a new approach for drug delivery[J]. J
Control Release,2014,192:262-270.D01:10.1016/j.jconrel.2014.
07.042.

Wahlgren J,De L Karlson T,Brisslert M, et al.Plasma exosomes
can deliver exogenous short interfering RNA to monocytes and
lymphocytes[J]. Nucleic Acids Res, 2012, 40(17): e130. DOI:
10.1093/nar/gks463.

Hood JL.Post isolation modification of exosomes for nanomedicine
applications[J].Nanomedicine (Lond),2016,11(13):1745-1756.DOI:
10.2217/nnm-2016-0102.

Ohno S, Takanashi M, Sudo K, et al. Systemically injected exo-
somes targeted to EGFR deliver antitumor microRNA to breast
cancer cells[J]. Mol Ther, 2013, 21(1): 185-191. DOI: 10.1038/
mt.2012.180.

(Wi fe H 47 :2020-04-10)



