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[ Abstract] Mesenchymal stem cells are non-hematopoietic stem cells originating from mesoderm, which
can proliferate in vitro and have the potential of self-renewal, multidirectional differentiation and immunomodu-
latory functions. Exosomes derived from mesenchymal stem cells are important molecular mediators for signaling
between cells, and can transport proteins, metabolites and various nucleic acids. They have similar biological
functions as mesenchymal stem cells. Due to their greater stability and lower immunogenicity, they play an im-
portant role in anti-aging, skin wound healing and some skin diseases, but the specific mechanism remains un-
clear. Therefore, this article reviews the mechanism research and clinical application of mesenchymal stem cell
exosomes 1n skin tissue repair and regeneration.

[ Key words] Mesenchymal stem cell ; Exosome; Tissue repair; Regeneration; Skin

Fund program: Tianshan Innovation Team Fund Project of Xinjiang Uygur Autonomous Region
(2023D14005) ; Basic and Clinical Research Project of Stem Cell Biotherapy - Peoples Hospital of Xinjiang
Uygur Autonomous Region ( GXBZX-2023004 )

DOI:10. 3760/ cma. j. 1ssn. 16734394, 2024.02. 015



- 202 -

=] P ey 2

2242024 43 HEE 47 %552 8 Int J Immunol ,Mar. 2024, Vol. 47 ,No. 2

T4 — P RERS B B 1 4 2R A A i

NHRBMHZE R ] e iE. (8] 58 i
( mesenchymal stem cells, MSCs )
TEdcF
BT S5 Z R r
+ (epithelial growth factor, EGF) F
+ ( basic fibroblast growth factor, bFGF ) &5 4

ot N BT A 4E 70 B ( human dermal fi-
blasts , HDF's ) i) i i 5 B, X B2 RRAE 52 F1 4
—5? 55 1 W RN B A h J& MSCs
oF ] e 8 1k o Wb 2

A

LIy
B3
o

brob!

CE 3

BHE, L4
) FZAE

X AN 1o

l_l

L

T B R, A

A

MSCs H

Hon[ 471

(extracellular veswles EVs) ¥ AE R, #b
somes ) HA M FFHIIZIL £

g

A R

{M{Zlifﬁﬂi’ii’ﬂ HER 5

T AR THRE T 25 2 K IE
TE 25 PR S FIA AR T -
ﬁﬁ%ﬁh
FAE P B AL v AS B

RE1EHR

SRR M,

BRI 72538

1 3R,

MSCs

L

7N FE T

R T
HATE

Fas B B B, LA REF

R N ZFh BN 4L v
NEEIRY

HH,

N

%ﬁ e
HANJHLAE

E’J 1 5K A

YItHHAE,

AR B
R84 ; BlE] 35 5 -

1) 1%

I E

=R

LT AR E X 5 KR

:IAE‘

T B
Fr R R R .
Kb Zest 7 B F
5| E R H | HE F
5 (EAET

=HAEE

CHR T 2 ] o R E
Mg | ZAAETERE e BT

A AL

& H AR AT, 2
SINEE I e H Y S AR, AT A MSCs |
FE A5 20 ke T 9 S P AR
it ke Y ) 4

1/E o4
1 8] 78 5 T 4
NI ( MSCs-exosomes , MSCs-exo ) ;

= élﬂﬂﬂ
4

& MBI s 2 21
153 bR AE
18 14

_k I

N

JIET 44 20 i

AT

1 fifd #1579

1 (exo-
4t

i
il

I

> “E

e

A

Co P
1P~ | MSCs-exo PLA |
N HHEAE R RASBES
e T A o
585 1l R W

fi

7 SF e

. 2o [ 4 ]

SERNFEE

oK,

2 . (D

A

Xﬁiéﬂéﬂ i
i o

RES

T, AT AR
T V& 7T

ZI1

-\

Z5 441
. MSCs

B AAE
FEAMRE T RA
1T B e 2 HE
FEATEFE[R] ,

FAl MSCs 7EB 19 & AH
%ﬁ#?’éﬁﬁﬁﬁﬁ%fﬁ%ﬁﬁ:éh
1, MSCs — H &3
—LE;;EIJ

- 2 i i
HI , 1T 2 In f“
4 A

{HZ5 R

- JF'E
,.,{

J7 B2 15 2H 21

%1&.@@ 1o 241 i [R] 2 fih 55 <P 2T 4 Y 1) 2

1, LA K55 1 1
TR RN, 2

A

it

el

‘B M

o ORI Z Ak

-1 2 fif 43 v ) R
LAt 25 75U 4 it 1)
21 i | O J5E 2 Y A 2H
7"%%,%%%’&9%@@% IR A B
ZH AN A gk 20 L 1) 2 RE

21 2 i

il

A

W, MSCs EI’J X7/ M EP

= W)E R IR 80 55 47 T

A
BRSS9 R J2 3 ae H

2 SRR SRR B AT
EVs v] 53 A1

B 5 1T AP A
N 4% J (intraluminal
B 2% 3

VGSIC

/N TRRE I S
VL o 72 7IMAR 5 ok 2 v Jo IR L2 [
A1 it i PN A0
ALV) 4k imEe 2 B
/2 M %5 R 1Y 22 Hd AR ( multivesicular body,

i EVs & IEVEH

T /1N

[ S

WAMA
AN s e s
j‘ i1 ?*ﬁéﬁiﬁf{

)

MVB) , 5 I B &5 )5 , R BURLAR /)N 8 1 B 0 2

Sh, B RSN
BN B0 1 )= 4 M b 2,
B B SN AR A,

FN A S —

M E 4 30 ~ 150 nm

L AZ AN i A
1 HEHE 20 R ), B

Je A E S A ML IR) 4% 1% 15 o B B2 5 F- 1 Jot, Al iz

0 QI R A R
2 i i 2H 20

LK ALK HER ARIRAE
1 AT SE B = HR 9T
M7= AN
hiery ZRErE
T BRI
FpH T@"E%H%

F:rﬂ

=
NP
R jg CD9 CD63 ,CD81

< BH AR R TR B I N IAAR ) 2
A
IR R AE IR S o [
T £ 20 XS
_*E. 16 ]

—L TN

3 [ERES

RUA

I
AW
?:“
< g
—\}
T
a3
h'f‘:n!
BN
44@ A

ipg

pa iR Nz sy

AT 4IRS A G MSCs K I

7l il ( induced pluripotent ste

,/ﬁjz T*I,&XET
o AN UAARAE A 2 e 1a) 38 TR Y O B
DNA F1 miRNAs 2548 £ F Ji

] o 2 58 A A A
sL50 eAh, KB

BEAE I PR3 e, 2H 2R A U Y S0 I A A0 O 25 ol

U A AT H E

B 4L B SR A A MSC *
JLT B A7 2670 0 40 L AL 8150308, i K B AE T8

91 BH T8 T8 55 A AR MR
Hket L A I A
\éﬂﬁiﬂﬁﬁm - N

A N 1Y 1 S A Ok R
1) 2% [ 2R

g

?_‘i:‘

FAEW B 7257,

=4
[SERES

1’-

TARE M R R

AT AT AR A 25 25 W) 1 4% 3

REMRIERE

Wi SEFHEZEE T
m cell, iPSC) 3 J& 7

MSCs(iMSCs) & #E# 5 ) MSCs( bone marrow mes-
enchymal stem cells, BMSCs) 547 2 7 MSCs ( um-

bilical cord
SRR /Y
EPCs) LA S fiig W7 2k 15 8] 3¢ Jox -

mesenchymal stem cel

N R #H 28 M4 ( endothel

s, UC-MSCs) Jfa

ial progenitor cells,

~ 21 Y ( adipose derived

mesenchymal stem cells, ADMSCs) % 22 ff il A& 1 4

Mot o 2010 A4 2 A /D RO JUL SR P 1 461
{ﬁ*%i@ 5% 1 BMSCs SRR IMBA , X B KT &




E PrfiEsr2 2024 43 AP 47 552 8] Int ] Immunol,, Mar. 2024 ,Vol. 47 ,No. 2 - 203 -

MSCs-exo FHIERFSE " . 5 H AR B A b b A —FE S S B IS5 B RN T 9B B O A B B X R B B
MSCs-exo 1, & i/ ot ° P"][V’ i a-HE R o R A L*ﬁﬁlﬂﬁﬁgﬁj}ﬂuﬁ%ﬁﬁiﬂiﬁﬁmw% J5E 3 .
0 R B 5 AN I TE B AR 36 B A 1 R, MSCs-exo 7E 7 ik 2H 20 1& & f 4 1 A 5 o B A

A
jung|
Py
Radal
o~ -

1(CD9 .CD63 .CD81 MHC-1 MHC-1I ) %k FEAER . HHLE S R =AFES QP A1
K 22 H ( Hsp8 ., Hsp70, Hsp90 ) 1 MVB & F : B 5%t MSCs-exo ] B 40 W PT R A+ KPR AE
(ALIX ,TSG101) " ; [6] it , 8 B i £ MSCs 4 5H H. A UC-MSCs ( hUC-MSCs) 4} 35 & FH BE 22 ¥ ( li-

PEEH , 40 CD29 .CD44 F11 CD73, BREHEA ML popolysaccharide, LPS) 4b 3§ 48 h J5 RE™ 4 B Z MU E
A2 5 HAYERA SR HEY R, s i 48884 & (interleukin, IL) -10 5% 4L A= 1< K] - ( trans-
Mg B M FF = PEdEm S RNA, XY it 5 forming growth factor, TGF)-B Z¢HT K 4 M K+,
MSCs-exo X #040 M i) E ¥ P14 2" . A JH) MSCs IL-1 IL4 IL-6 F1A4 9 34 %8 [ F o ( tumor necrosis
KRB IMBARFET R J:T?E“'KEZ%E‘— %fF MSCs-  factor-a, TNF-o ) S5 i 4 40 IR BH g i 2> o HL UK
exo {EZ R ME R A A B P o S Hoor 1 R aYEdE 2 B, MSCs-exo ) miR-223 i 12 #E [i]
VEFPLH R AT A EIR A BT PKNOX1 {3 E M 4u g . M1 5] M2 ik, M2 B

Ve 2 B BT 43 s TL-10 A0 TGF-B ZEHi R A+, L HPR
. 40 ,.
4 MSCs-exo AN REFNBEFHER = IL-1RA . CD163 #1 CCL22  { 3 & Bk 4 O

4.1 MSCs-exo & F kI 5% P 694E A o129 o 7AM,LPS kb i) MSCs-exo H' miR-let-7b
FERAEMNERAAHER B RS, Ik @LTED%J TLR4/NF-«B i B, #1515 5 1% B ar A
R FEREMNKRIIE N, ZMAEMIMEN K STAT3/AKT {5514 %, 218 1 R M N e 1 BE
PIa g e B kA, RS0 faoth GMERRIR B REIEBRE S . QBEAI1E ] : MSCs-exo A 3@ i M0
B KRS HWENLR & 2, B A A F (epidermal growth factor, EGF) A4
MAMMIZEA . DNA $5i 475 ’_JJCF”?%'I RIEMAER R i BEF (hepatocyte growth factor, HGF) ) 3 ik
SR E P JE M4 (reactive oxygen species, ROS) 7E L) I 2 R R A0 M Y B g %R0 HGF 4E i MSCs-
Bk AP S A/EH , MSCs-exo I #IE M exo HmiZ O 22—, 1315 S HGE/cMET 8 X
BB S SR AT MM IR E AN SRS FE SR AT I (R . HGF 38 ] LU
Ko, FEAIR ROS JKAF-, sE % le ik &4k, &4  MMP-2 1 MMP-9 &4, 2 5 1 & AF A 4 i 1 7% Al
POEEER . MUY Z M SR 7E Bk AR R (et @ & o Bk, EGF 5
%ki:‘frzmTTmﬁ 11 55 21 4 20 Bl A1 A Joa 12 i 4 EGF 3714 ( epithelial growth factor receptor, EGFR) 1]
M dt ot ey R 97 b . UC-MSCs A4 fiE LEE R MBRADS T LT B, BEfe 2 K 1 Bk
9% IE % HaCaT 41 i i 5 78 FNOE A%, M UVB 58 st (LM Ko s A8 38 9 N AR ST o 4 1 4 e
SN IX LA B 0315 o [RIE), 3b 38 /> | HaCaT 2 §E . iPSC AMA ] LU i % ERK-1/2 {5 518
MR T FNSEE  JE I 1 1 iﬂﬁ(ﬁﬂ’l%‘%lﬂ fEAR 7Ot {2t HaCaT UM A0 N B BZ A0 4T 4E 41 Y ( human der-
ZAk HaCaT # B 40 i v 35 4 8 & 5 B ( matrix mal fibroblasts, HDFs) {4 £ . iMSCs #p WA {4 A]
metalloproteinases, MMP ) 1 ) 3£ 15, #iJ &l &2 Bk & BE1d o 75 EGFR-Ras-Raf #li11E S ERK1/2 #l| 3
b2, FHEMC-B- IR IT A (SA-B-Gal) TG VEME  FRRAIMIA: K o PR il A mUAE - 4 4 A
IR AR ERIARE ™, A iPSCs Sk VEFIFE B IRAE S AT A op 2 X 2L, MSCs-exo 7EIA
(iPSCs- exo) el HDFs (W35 AT RS I 5 0 PAREEAG 0 @ Al 4 A i AL [ 9 B A A%
fik SA-B-Gal Fl MMP-1/3 ) Kk /KF, kR ¥  BCEED Wnd T B-1EHEBGE LI L HEE
HDFs i [ BYJE JFUAE (1 R 3k, IR B hi sk A MAIEN . BMSCs > U 1 S 18 14 7T LA
BT H Al W MSCs-exo fEVRIT AR EZHA R WnBa SHZAMKEE IS E A ZEAHKCEB 6 (low
U R RETE T o density lipoprotein receptor related protein-6 , LRP6 ) 2
4.2 MSCs-exo £ & k4] & 454~ F 84 45 A it LAY Wnt {5 550 B R 0 0 A A . 2 BRI
K BR BT @A e A P A B AR o ki . TARERAY BMSCs SR U5 (1 S0 W 4 38 i miR-126 4 =

Jr“l N

I.._.l




+ 204 - 8] R G 2 A%

2024 3 A5 47 5 2 ] Int J Immunol ,Mar. 2024 ,Vol. 47 ,No. 2

FINES 10 5 Yo (AR Bk 2 10 Wi 2 Bl Az 9k ) 85 3 [R] U
FA 3 DRI %] 77 i g @Mﬂ»@? 3 J it ( phosphatidyli-
nositol 3 kinase, PI3K)/4& H ¥ B B ( protein kinase
B, Akt) {5518 i ( AP PI3K/Akt {558 B% ) , Rl
LR R O AT . RIE T
Pt H 2 B ) 9 1) BMSCs %wﬁs SEIRYSERUR) §L
AKT/mTORAE = i B& A& ¥ 45 58 1Y 4 I & A& Al
P, Bz, MSCs-exo A] 18 i P 4V 34 FHAE E
&ﬁl I AR RS 22 AP L AR R B2 IR A ZR Pk 55 K

/_.

-

=10

4.3 MSCs-exo f£ BBk & IR T 69 16 AR R A e A AT %

B o A — AR M B R AR AE T B BRI, F
BhtE T 40A (helper T cell, Th)1 Th2 ‘Th17 Kz &5
P T il ( regulatory T cell, Treg) Az H.J3 306 B 2 i &
&Y K. MSCs-exo R] 4E+F Th17/Treg B -1,
EL 8% il RIS Al IRYG TT Th17/Treg 2K 5 AH K
PR o R TE ST hUC-MSCs-exo ] 38 1t 410 il | i
DAE R ZERA M, P8 1915 5 5% 2 EE SR s R
~f 3 ('signal transducer and activator of transcription-3,
STAT3) B RFWEER 1L , LA 47 2 4 e IRl 1~ g f
R F- 2L ol 5 4 /N BRI ARRE AR ™ o R
W MSCs-exo A] LA il 1 5 J2 i iy #MASTS 46, AT
% T PRIl AR A o2 A AR 1 R R
ML 71155 4l ¥ ( neutrophil extracellular traps, NETs)
B IL-17- , MSCs-exo A 5 BA AR 8 9 16 97 A8
2347, MSCs-exo 1) miRNAs i# 117 MAPK 15 58 % .
Ras {551 p% . Rapl {55 18 Bf . cAMP {5 5 18 % | V\]
TAEA BRG] S/ Wt 2 5B E L™ HE
ERH AT LA i B B8 2= 4 el ) 3 B, o 9 XL
I EHEA . Bt K % (atopic dermatitis,
AD) &—Fp18 4 \Eﬁi Ve Rz I , Hogps B AR 3~
(DEE AN ) Hbﬁaﬁaﬂ SRR AE AR R YA, H Al
RS RA R WFoE R Bk PR W kK R R
i ADMSCs SMBMARE B B 42/ MR AD B2t P AE K
20 i A R PR IR 3R B A BfL O FR T, PR ML ¥ A 9
Bk H E (immunoglobulin E | IgE ) 7K - F0 7| J&] ifiL v
i L 20 0 %, 114 1L-23 | 1L-31 , TNF-o %5 £ 4 1
MM F ikt B E T . ADMSCs A A
TES R TR AU R AD 1897 #2458 1 3G
IgsY

5 INGE

H

H

A

MSCs-exo HAT 5 MSCs FHALLHY 4 P A DI HE , 15

b

HERE H BA BRA 5 5, It a] LLAE N

MSCs 4 fiayr AU o ARSI TR S 52 55 20 %

7~ , MSCs-exo 7F [ Bk 20 2246 52 AP A= 4k, Az B2 Bk 9
G B 1 98 K R N BT =, R B R BB
R TR RIIR YT R .

FlmR IrAEEY A HAFER i R

[1]

(5]

[7]

[10]

%%ihﬁ

Al-Awsi GRL, Alsaikhan F, Margiana R, et al. Shining the light
on mesenchymal stem cell-derived exosomes in breast cancer| J .
Stem Cell Res Ther, 2023,14 (1) :21. DOI. 10. 1186/s13287-
02303245-3.

Ha DH, Kim HK, Lee J, et al. Mesenchymalstem/stromal cell-
derived exosomes for immunomodulatory therapeutics and skin re-
generationr | J |. Cells, 2020, 9 (5):1157. DOI. 10. 3390/
cells9051157.

Chen M, Wang Q, Wang Y, et al. Biomaterials-assisted exosomes
therapy in osteoarthritis| J |. Biomed Mater, 2022,17(2). DOI.;
10. 1088/1748-605X/ac4c8c.

Yang Z, i Y, Wang Z. Recentadvances in the application of
mesenchymal stem cell-derived exosomes for cardiovascular and

neurodegenerative disease therapies| J |. Pharmaceutics, 2022, 14

(3):618. DOI;10.3390/pharmaceutics14030618.

Jeyaraman M, Muthu S, Nischith DS, et al. PRISMA-compliant
meta-analysis of randomized controlled trials on osteoarthritis of
knee managed with allogeneic vs autologous MSCs: efficacy and
safety analysis| J |. Indian ] Orthop,2022,56 ( 12) :2042-2059.
DOI. 10.1007/s43465-022-00751 -z.

G, 45, S Ak, () STl T A R TR AN AR X B IR L 2B
SRR T]. eI 4%d8,2019,35(9) :860-864.

DOI:10.3760/cma. j. issn. 1001-8050. 2019. 09.016.

Luo Y, Wang J, Peng YJ. Research progress in mesenchymal stem

cell-derived exosomes repairing skin tissues| J |. Chin J Trauma,

2019,35(9) :860-864. DOI. 10. 3760/cma. j. issn. 1001-8050.
2019.09.016.
Fu Y, Sui B, Xiang L., et al. Emerging understanding of apoptosis
in mediating mesenchymal stem cell therapy| J |. Cell Death Dis,
2021,12(6) :596. DOI:; 10.1038/s41419-021-03883-6.
Bian D, Wu Y, Song G, et al. The application of mesenchymal
stromal cells ( MSCs) and their derivative exosome in skin wound
healing: a comprehensive review| J |. Stem Cell Res Ther, 2022,
13(1):24. DOI: 10. 1186/s13287-021-02697-9.
Marofi I, Alexandrovna Kl, Margiana R, et al. MSCs and their
exosomes: a rapidly evolving approach in the context of cutaneous
wounds therapy| J |. Stem Cell Res Ther, 2021,12 (1) ;597.
DOI: 10. 1186/s13287-021-02662-6.

Dimik M, Abeysinghe P, Logan J, et al. The exosome: a review



b b ls

£2024 %E3 HSE 47 52 M

Int J Immunol , Mar.

o

2024 ,Vol.47 ,No.?2

o 203

[11]

[12]

[13]

[14]

[15]

[17]

[ 18]

[19]

of current therapeutic roles and capabilities in human reproduc-

tion| J |. Drug Deliv Transl Res, 2023,13(2) :473-502. DOI.
10. 1007/s13346-022-01225-3.

W K R PEST , ZR PO, 55 AR 2 AR 48 AR 1) 40 Jfa &/ 4 3 7E Bt
Ji S AR e e ind r PRIV R SE E RE [) ] I PR AR s 2F
=it ,2020,43(4) :406412. DOI:10. 3760/cma. j. issn. 1673-
4394.2020.04.010.
Yang XT, Zhu ZX,

Qin HY, et al.

Research progress of dendrit-

ic cell-derived extracellular vesicles in antigen presentation and

Int J Immunol, 2020 (4) . 406412.
DOI.10.3760/cma. j. issn. 1673-4394.2020.04. 010.
Xu B, Chen Y, Peng M,

tumor immunotherapy/| J |.

et al. Exploring the potential of exo-
somes 1n diagnosis and drug delivery for pancreatic ductal adeno-
carcinoma/l J|. Int J Cancer, 2023,152(2) :110-122. DOI: 10.
1002/1jc. 34195.

PRAEIL, PR, % 3CIR, 55 BUULA S0 30 1A 375 S B 86 8] 76 JiR
TS SE TR i 5 () ] A/ LAMRE A&, 2022,
43(10) :932-936. DOI. 10. 3760/cma. j. cnd421158-20220521-
00382.

Chen QJ, Chen K, Luo W], et al. Study of myoblast-derived ex-

osomes in inducing myogenic differentiation of bone marrow mes-
enchymal stem cells[ J]. Chin J Pediatr Surg , 2012,43(10)
932-936. DOI:10.3760/cma. j. cn421158-20220521-00382.
Liang Y, Duan L, Lu J,et al. Engineering exosomes for targeted
drug delivery[ J|. Theranostics, 2021,11(7) :3183-3195. DOI.
10. 7150/thno. 52570.

Wk, WA, FK %, (8] ST 40 MR PR S IR TE B R 1B B
SHEATRMRHREL]]. PEERIMRE,2020,37(7)
1362-1365. DOI.10.3760/cma. j. cn421213-20190731-00571 .

Yang Q, Zeng YN, Xu YA. Advances in researches on mesen-
chymal stem cell-derived exosomes involved in skin repairing and
Chin J Exp Surg , 2019, 37(7) :1362-1365.
DOI:10.3760/cma. j. cn421213-20190731-00571.

regeneration| J |.

Joladarashi D, Kishore R. Mesenchymalstromal cell exosomes in
cardiac repair| J |. Curr Cardiol Rep, 2022,24(4) :405417.
doi: 10.1007/s11886-022-01660-1.

B EL, Hs , W8k SMIMAR A iCE AL py it st e[ ]
HhAE G N 2 R4 ,2022,34 (04 ) .429433. DOI:10. 3760/
cma. j. ¢cnl121430-20210818-01209.

Duan HZ, Gan L, Cao Y. Research progress on the molecular

regulatory mechanism of exosome biogenesis | J |. Chinese Jour-

nal of Critical Care Medicine,2022 ,34(04 ) .429433. DOI. 10.
3760/ cma. j. en121430-20210818-01209.

Gangadaran P, Gunassekaran GR, Rajendran RL et al. Interleu-
kin<4receptor targeting peptide decorated extracellular vesicles as

a platform for in vivo drug delivery to thyroid cancer| ] |. Bio-

medicines, 2022, 10 ( 8 ). 1978. DOI. 10. 3390/biomedi-
cines10081978.
Zhang S, Chuah SJ, Lai RC, et al. MSC exosomes mediate carti-

lage repair by enhancing proliferation, attenuating apoptosis and

[20]

[21]

[22]

[23 ]

[24]

[25]

126 ]

[27]

[28 ]

[29 ]

[30]

modulating immune reactivity [ J |. Biomaterials, 2018 | 156 16-
27. DOI: 10. 1016/j. biomaterials. 2017. 11. 028.
R, XEE R, T 4L SM A AE DT B AR 1k 1

B SE R[], s 4h Rl 44 4 ,2020,36 (8) . 928-
932. DOI.10. 3760/ cma. j. cn114453-20190127-00029.

Wu JY, Liu JL, Zhu M,

Role of stem cell-derived exo-
Chin J Plast Surg, 2020, 36
cnl 14453-20190127 -

et al.
somes in reversing skin aging [ J].
(8):928932. DOI. 10. 3760/cma. ).
00029.

Qian H, Shan Y, Gong R, et al. Mechanism of action and thera-
peutic effects of oxidative stress and stem cell-based materials in

skin aging: Current evidence and future perspectives| J |. Front

Bioeng Biotechnol, 2023, 10 1082403. DOI. 10. 3389/fbioe.
2022. 1082403.

REBAIR, oK Ay XS0, <. AR A T 40 /M R A D R 5 1Y
R[] PREFEFFRFERAIRE,2022,28(3) :252-
255. DOI:10.3760/cma. j. issn. 1671-0290. 2022. 03. 026 .
Xiong MC, Zhang QC, Zhao CR, et al. Research progress ofadi-
pose stem cell derived exosomes in plastic surgery [ J|. Chin ]
Med Aesthetic Cosmet, 2022,28 (3 ) :252-255. DOI. 10. 3760/
cma. j. issn. 1671-0290. 2022. 03. 026.

Liu SJ, Meng MY, Han S, et al.

Umbilicalcord mesenchymal
stem cell-derived exosomes ameliorate HaCaT cell photo-aging
[J]. Rejuvenation Res, 2021,24 (4):283-293. DOI: 10.
1089/ rej. 2020. 2313.

Pan X, Wu B,Fan X,et al. YAP accelerates vascular senescence
via blocking autophagic flux and activating mTOR[ J |. J Cell Mol
Med,2021,25(1) .170-183. DOI. 10.1111/jemm. 15902.

Han J, Wu T, Jin J, et al. Exosome-like nanovesicles derived
from Phellinus linteus inhibit Mical2 expression through cross-
kingdom regulation and inhibit ultraviolet-induced skin aging
| J]. ] Nanobiotechnology, 2022 ,20(1) :455. DOI. 10. 1186/
s12951-022-01657-6.

van Dongen JA, van Boxtel J, Uguten M, et al. Tissuestromal

vascular fraction improves early scar healing: a prospective ran-
domized multicenter clinical trial| J|. Aesthet Surg J, 2022 ,42
(7) :NP477-NP488. DOI. 10. 1093/asj/sjab431.

Arabpour M, Saghazadeh A, Rezaei N. Anti-inflammatory and
M2 macrophage polarization-promoting effect of mesenchymal

2021,

stem cell-derived exosomes | J |. Int Immunopharmacol,

107823. DOI: 10.1016/j. intimp. 2021. 107823.
He X, Dong Z, Cao Y,et al. MSC-derived exosome promotes M2

polarization and enhances cutaneous wound healing[ J |. Stem

Cells Int,2019,2019.7132708. DOI; 10.1155/2019/7132708.
Tamama K, Kerpedjieva SS. Acceleration of wound healing by
multiple growth factors and cytokines secreted from multipotential
stromal cells/mesenchymal stem cells| J |. Adv Wound Care,
2012,1(4) .177-182.

Li B, Leung JCK, Chan LYY ,et al. Amelioration ofendoplasmic

reticulum stress by mesenchymal stem cells via hepatocyte growth



- 206 -

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[ bR S 2

2024 =3 A5 47 £5 2

Int J Immunol, Mar. 2024 ,Vol. 47 ,No. 2

factor/c-Met signaling in obesity-associated kidney injury | J ].
Stem Cells Transl Med, 2019,8(9) .898-910. DOI. 10. 1002/
sctm. 18-0265.

Yang Y, Zhao Y, Zhang L,et al. The application of mesenchy-
mal stem cells in the treatment of liver diseases: mechanism, ef-
cacy, and safety issues|[ J|. Front Med ( Lausanne), 2021,8:
655268. DOI; 10.3389/fmed. 2021. 655268.

Kim S, Lee SK, Kim H,et al. Exosomessecreted from induced
pluripotent stem cell-derived mesenchymal stem cells accelerate
skin cell proliferation| J |. Int J Mol Sei, 2018,19(10) :3119.
DOI. 10.3390/ijms19103119.

Kerpedjieva SS, Kim DS, Barbeau DJ,et al. EGFR ligands drive
multipotential stromal cells to produce multiple growth factors and

cytokines via early growth response-1 [ J]. Stem Cells Dev,
2012,21(13) :2541-2551. DOI: 10. 1089/scd. 2011.0711.

Zhang B, Wang M, Gong A, et al. HucMSC-exosome mediated-
Wnt4 signaling is required for cutaneous wound healing [ J |.
Stem Cells, 2015.2158-2168. DOI; 10. 1002/stem. 1771.

Liu Z,Zhou S, Zhang Y, et al. Rat bone marrow mesenchymal
stem cells ( BMSCs ) inhibit liver fibrosis by activating GSK3f3
and inhibiting the Wnt3a/B-catenin pathway [ J |. Infect Agent
Cancer,2022,17(1) :17. DOI;10. 1186/s13027-022-004324.
Yan Y, Qin D, Hu B, et al. Deletion of miR-126apromotes he-
patic aging and inflammation in a mouse model of cholestasis| J |.
Mol Ther Nucleic Acids, 2019,16:494-504. DOI. 10. 1016/].
omtn. 2019. 04. 002.

Liang B, Liang JM, Ding JN, et al. Dimethyloxaloylglycine-stim-
ulated human bone marrow mesenchymal stem cell-derived exo-

somes enhance bone regeneration through angiogenesis by targe-

ting the AKT/mTOR pathway| J |. Stem Cell Res Ther, 2019,10
(1):335. DOI; 10.1186/s13287-019-1410-y.

Xu F, Fei Z, Dai H,et al. Mesenchymalstem cell-derived extra-

[39]

[40]

[41]

(42 ]

(43 ]

[44 ]

cellular vesicles with high PD-L1 expression for autoimmune dis-
eases treatment| J |. Adv Mater, 2022,34(1) .e2106265. DOI;
10. 1002/adma. 202106265.

Zhang Y, Yan J, Li Z,et al. Exosomesderived from human um-

bilical cord mesenchymal stem cells alleviate psoriasis-like skin

inflammation| J |. J Interferon Cytokine Res, 2022,42 (1) : 8-
18. DOI.; 10.1089/jir. 2021.0146.

Zhang B, Lai RC, Sim WK, et al. Topicalapplication of mesen-
chymal stem cell exosomes alleviates the imiquimod induced pso-
riasis-like inflammation| J|. Int J Mol Sei, 2021,22(2) .720.
DOI; 10.3390/ijms22020720.

Zhu L, Lin X, Zhi L et al. Mesenchymal stem cells promote hu-
man melanocytes proliferation and resistance to apoptosis through
PTEN pathway in vitiligo[ J ]. Stem Cell Res Ther, 2020, 11
(1):26. DOI; 10.1186/s13287-019-1543-z.

Esquivel D, Mishra R, Srivastava A. Stemcell therapy offers a
possible safe and promising alternative approach for treating vitili-
go: a review| J|. Curr Pharm Des, 2020,26 (37 ) :48154821.
DOI. 10.2174/1381612826666200730221446.

e e RIRTER P 2 v . R R 2RSS
AR T]. e R kR 22 & ,2023,56 (1) :5-15. DOI: 10.
35541/ ¢jd. 20220618.

[mmunology Group, Chinese Society of Dermatology. Consensus on

the whole-process management of atopic dermatitis | J |. Chin ]

Dermatol ,2023 ,56(1) :5-15. DOI:10. 35541/ ¢jd. 20220618.
Shin KO, Ha DH, Kim JO,et al. Exosomes fromhuman adipose
tissue-derived mesenchymal stem cells promote epidermal barrier
repair by inducing de Novo synthesis of ceramides in atopic
dermatitis [ J |. Cells, 2020, 9 (3 ). 680. DOI. 10. 3390/
cells9030680.

( stks H #H .2023-05-07 )

11l

EE N R

KT R 1A B BR 5 |

A ERXALTEAFN3~8AXER, wREATREFHFREFELALAMN(TLEFT LA

13 &) (CmeSH) P 5] 6918, 4w R EF RB|AR R 69 X 4838) , L kA : (1) T2 A A 448 % 69 LA A8 347

ZHEL, (2) TARIBATIR 45 #) 3E ) Sk AL 4
RX KB F—ANAFHRE,ZSWEILZE" ;" 5T,

A

A EAE, (3) B8, TTRA I A B wEFHI TRE



