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/N BRI 3R TR R BR S Z AL S R AR R R R YR A
KA 5TE R

LE BB REEY REM RAEY KA
BN FWA AR

(LLAF R BE AR, B 212013; RILTH AN AR IR AR 5 5 (0 S i ORI 78 BT SEIG 2, BT 212013)

HE I~ gmfia gt & Je(small extracellular vesicles, sEVs) 2L UK EFRIFTE, ©H &
PR QT S M FRIBALATR, T VA R A5 BAE AN, TR A R R A R R T2 T 69 A M
FAREN . NS ANTAERAL K IE B IR EA )R, A K SEVSIEZ Fo BE B KA 69 BF 7 AL & i
PRAIGE . RIR T8 AR T 48069 sEVs A Kk AL AT 52 K IE R A= i, 55 BACAR 5 849
YRR, A L3t T b BB R R () e BB A5 . BESRRARE R . A Gtk 4T BEIR IR VA RO R AT I 5
A A RFGER. b, & TsEVsa EaMR, SEVSIEARA —A#Te)hthibit 2. RmiE
T e R MESEVSAE A — P37 84976 97 7 ik B, ARE T e A M Ao A b 9 AL,

XHEIR (ST AN AN oAk R 47 B R

Research Progress on the Roles and Mechanisms of Small Extracellular

Vesicles Involved in Skin Diseases Including Photoaging

KONG Xiang'?*, XU Kaiyan"*, WU Zhijing'*, WU Peipei'?, HOU Xiaomei'?, ZHANG Jiaxin'?,
LI Yu'?, LI Jiali'?, SUN Zixuan"?**

('School of Medicine, Jiangsu University, Zhenjiang 212013, China; *Zhenjiang Key Laboratory of High Technology Research
on Exosomes Foundation and Transformation Application, Zhenjiang 212013, China)

Abstract sEVs (small extracellular vesicles) are new stars in the field of nanomedicine in recent years. They
have unique morphological structures and physicochemical properties, which can act as mediators of intercellular in-
formation transmission and as biomarkers in the process of disease occurrence and development. Nowadays, people
are paying more and more attention to the problem of skin photoaging, and the research on sEVs delaying and improv-
ing skin photoaging has gradually become a hot spot. sEVs derived from mesenchymal stem cells not only relieve in-
flammation and attenuate oxidative damage in skin photoaging, but also have significant effects on other skin diseases,
such as skin trauma, plaque psoriasis, systemic erythema lupus and skin tumors. Furthermore, SEV is becoming a new
drug delivery system due to its vesicular nature. However, when using stem cell-derived sEV as a new treatment meth-
od, it is still necessary to pay attention to its safety and toxicity.

Keywords = mesenchymal stem cells; small extracellular vesicles; skin photoaging; skin trauma; skin tumor
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B R GE AL 2 — E LR AATTHT ST 18 L
CA W FE R B B RO B B TR B B2
7R R SR AT DA S 4R R A ) 98 9 L% B S B 1 (H
T NI /N i #1826 (small extracellular vesicles,
SEVS)IEZZ 1 ik Z IR RIE AR, LARENT
A BRI A A O 3 A s R R R
ARV 4 (reactive oxygen species, ROS). H I
577 RIS e A e B T o2 Aah,
sEVsti 25 1 2l HAth B JRAH GBI 1697, IF B
AN A2 2 RT LURETSOAS [F 1) sSEVs R #5 B 5 £
R R, R B, A B 4 it mT BUIE S H
B 53 WA 1) SEVS KA SR AR I AE K B, AR 2RIk
FEIR | sEVSIE LR IR BEPUR
WG RGP IERIE (systemic lupus erythemato-
sus, SLE) A Bz Jik JofJeq 45 Bz Jikp s Hh i /e F S i L) o

1 NRRRSMEIRE T

W 7L, 30 400 ) 200 R DIRE AN [) 28 8 1) 48 i 4
% (extracellular vesicles, EVs), K4 F R 12 K
AINFITE AL 55, EVs F 2 W R4 N sEVs. il
(microvesicles, MVs)FIVEHT-/MAB, 19834F, PAN
A1 JOHNSTONE!“ ¢ X K3 T sEVs, X & —F ey
SR (1) 4 1 5 2 [ea) JE A7 T 5 AR A VAR v A T i 7 s
INE BN Z 38, AEVsH— A, seig 3T
BEMAEEYE D T, B FRZIR . EE R
AE . BEif 2 5 15 N /N ifd (intraluminal vesicles,
ILVS) T i 8. B BT FE M AN, sSEVSH = ATt
TN ARE NG, TR AR, PARSZ R 2 Fhil
FE AR H P2 A 2 224K (multivesicular body, MVB),
b5 MVB 5 i IRl AR, TERSEVs. 5% sEVs
Wt R VEYE S TR TREER Y. 5 Fh AP RE
(1 SEVSTEH T 24640 LB B A Fir AR, A4EO
H &N B2 AR 40 M 5 B i 58 T, @ sEVs
H 5 AR 5 520 20 o o Rt & S5 PR 485 P o R
TN ; @ sEVsHIIEE_F LA L 52 A4 M 1) 52 48 K
A 28 G I AH ELAL 3 AR AE B A AR D TE A i
YN o WA BRI AE KN TERS . LR AEDY)
PEEETT A T AR, SR E ARG — R 5k
A BRI /& 15 N sSEVs. sEVsHITEASE AR LA
B — MR 2 ERE , K/ 30~150 nm!®, H %
JE 5 50 7R KRR ER R 70 B2 . Western
blot7r FFr HEWET M E 1. sEVsAY A LAE 4 i

5T A BLAE AN R PR A AR R, T B
7 8 B0H miRNAZEY) 5 25 1 P 40 I i) A= 0 2
W, ORI N S M AR E R,
SEVs[1 NI 567 R el 2R 05, B4 0 L 45
3+ B M5 A0 45 £ 4500

2 sEVSERIRCZEHPHMRENA
2.1 RSB UHIRIBT U SIRRRIA

VE N % Fa AE A A 85 vh AR B KR B AR AH 24,
Fe k2 WAEFIAME ZAL IR I REN . NAEZ AL A
AL AR B R, B B R e, TAMEZ AL 2
H S TG 54 SR AN E i S 25 AN A 858 ER 3R 51 R 1Y
P AE R IME AN 35 2 5 B0 TR 225 46 1) 56 2 o A 1
DIReFEAIS, EEERIN A PU B4, 8O3 4
AR DU 4R b, MR 22 408 J -1, L=
FETAEA IR /D, 3k — 0 BRI A P, R R
F >, KT AR IAZ S, B e B s s s bt i
F AR Z AAE T AMEZ AT R I 9 B2 kA
W 5 R R, B R e SRR ARG, NATTHE S
JER S A e £ PR 38 1
2.2 BRI L LN

B IR AR A T2 5 RO 5E A 2 A A
FERREERA Ko AR PH AR HE S S Ho = A2 [ ROS AT
B SEL OGN, BREAEHAES2HUE
RAAE R ZBL, #E— PN DNAFIA AR, H] 42
B F 045 ROS I 1o 075 AH G 3% R -1 A7 3 AH K Bl
145 BCR A 2 B #1225 )5 (extracel lular matrix, ECM).

ROS /& 2R A4 A7 S8 AR W L 1 4% 326 BE 1 &1 7™
Y, bR R RN ER R [
H, ek AW 5 ROSIH A F LM, ROSE:
T EUE T A 4E 4 (human dermal fibroblast, HDF)
R S DR T O, RS R A T R A AR KA
F -B(transforming growth factor-B, TGF-B)ffJKik, ik
— % T2 48 5 (I (matrix metalloproteinases,
MMPs) )74 S B 2 26, ek iR IR a
ISP F R, NSEOCZA M. Ak, 54t
AR T HETROS 2 S BRI EAL NI, BHA A i
gk, TR EARThRE, SR RIERIL, T RIER
JREL A SESE A BT AR U A . AT 4RI,
SR IR 4H AL A B R, SOREA T Tt
ZHACEE P EEAN R AR EEN S5 B
R 1t FR 1 (ornithine decarboxylase, ODC) I , [FIH
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12 5 ODCX 3 Jz Az K DK 7~ BT 35 140 4 ok o 384 A= 1
PEREITRE o JRE I 2 25 ) 28 AE 41 i 7 ROS A
PRI, X LW i 2 R A S BT RGOS S A R 28
fil % DNASR R AT EHE NS, S 328k A H1 (1) DNA. £
AR RES2 4R LI AESA LA ATPI) = AR B b, A
T2 40 I FE 43 2407, 7250 TFOKF L, X sy
e SEVsIB 0E J LA Sk s 12, TEAROS BA AR
M. ANER. ATFIIRERESCIN . R TR
FESEVSX] [ e A AH S 5 il B (18 15
23 sEVs& 5K EBLNHEE

e Ak 2 B FHROS I 7= A2 Rl 98 E [ B2 FT sk i
1, A FOEIRY SRS A FERH W &K AR NG 18

IIDNAME & 15 HDNA. I HL A AL 7 25 BRROS I
U B PG . AN, 4R DAL — P el
B (2 PR 2R B B S8k R 4, (RIS 4 i B B )
PLR RG] LG A B 5l B B SO0 SN ]
RN CHR. B PRMPtE A E - 8T 40
JRIESEVSRIGTT B2 G2 A 0 L s &

2.3.1 ZfFEqedits 8785 T 40 P (mesenchy-
mal stem cell, MSC)K i1 sSEVs B A Hi A b gE

A] DA FEAR AL B0 ) 8-OHDG 17K °F, e/ %4k
SRLF= AR AR . sEVs LIl I 15 STAT3 (5 5 i i
JBoE Nrf2/ AREHUA AL I8 #% b 1 480 R s 5 B
AR YN YINIES S =R ik v M i LB iVl =

R1 SEVs BN UHEXESBERNET
Table 1 Regulation of sEVs on skin photoaging related signal pathways

(ERcRES AL SEVsI{if Ty R AR RCR 27 R
Signal pathway =~ Mechanism Regulation of SEVs Effect of pathway action Reference
MAPK ROS accumulation activates AP-1 and  Inhibit the upregulation of p-ERK, Degradation of extracellular [18]
induces MMPs expression p-p38, p-c-fos and p-c-jun matrix
Promote the up-regulation of apoptosis Apoptosis
protein Bax
NF-xB ROS activates NF-kB and then induces  Reduce NF-kB/TNFa signal con- Inhibit the production of col- [19]

the expression of inflammatory factors

JAK/STAT Regulate corresponding gene expres-
and Nrf2/ARE sion

TGF-B/Smad AP-1 downregulates the expression of

TGF-B type Il receptor, resulting in the ~ TGF-B and p-Smad2/3

decrease of transcription factor Smad

Downregulate Keapl to activate
Nrf2 expression

Activate STAT3 significantly
(phosphorylation of Thr705)

Reduce the downregulation of

duction through IncRNA MALAT1  lagen

Promote cell proliferation

Increase the transcription of

MMP gene

Degradation of matrix

Induce the expression of [20]
genes involved in cell cycle
progression and growth factor
production

Inhibit collagen production [11]
Reduce collagen fibers

Induce inflammatory reaction

AP-1: He3k 1 AP-1.
AP-1: activated protein-1.

Regulate inflammatory reaction Reduce ROS level Promote angiogenesis Repair DNA damage

Reconstruct ECM

[l sEVsIEZE B Bk E LB
Fig.1 Mechanism of sEVs delaying skin photoaging
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ROk R AR ORI ER . Sk B NJBF i 18] 78 i+
AL sSEVSHIG YT NI 1 EL RIS T 1 KA
MR F TNF-a g3k, IIAEsE 7 N 2B AL i 5%
F4H Y (human immortalized keratinocytes, HaCaT)
IGEE . BhAt, WA AR AR AL RIR I SEVs
HARERSEMIDIEE, 7T LR Bk b &
2 ROSHH B €5, 35 (1) 7= £ 129,

232 EERERE  AWFEES T S
(R BB, Sd i B R v A JBF e ) 78 Jo 4 R
(1 SEVSHEATIRYT o 45 AR BT 1) 78 Jo3 40 i
HIsEVsIRIT S 1 Sk B4 7 K RS 7Y i 4 G 4
JfIAZ% 35 (proliferating cell nuclear antigen, PCNA)
KK, FEAK T p-p6SHIRIL K, BB G 1 B R R
REFFAEHE T R BRA M A2 P2, sEVsid@id i TLR4,
p-p65. iNOSIHf i p-STAT3. p-AKT. ARGIHK Ik
B RORE T 5 3 M2 ELRE A AR AL P4 N B MSCAT
A1 sEVsTT LU N8 TNF-oi.  IL-1pF 3§ TGF-B.
CTLAAKZE iSRS 62 A LSS RAE

233 it A RAARFEE AKIENTA
Jif 5 1 SEV il i 30 25 B B(protein kinase B,
AKT) UL K A AME 5 1 717 38 (extracellular regulated
protein kinase, ERK )%, {1 i3F 1 £ 2 241 A 158 B 1 e
R o, A BT A B A IS BE AL RS B[R]
INFMSCHR] PURE TR A B2 A2 K [Rl T (vascular endothe-
lial growth factor, VEGF)~ i L& A flg ] 7 A i & A
R - 1SR M AR R 27 sEVsHAT J LR SR 5
T TS ED T (FIATVEGE. miR-145M1miR-
126) 7] LA S LB A2 Y, LIANGZ: PRI T R 0
FEHE T MSCAE [ sEVs & 52 1) miR-125a 7] LLid i
R A A SO ST B Ang TRN Flk] (235 7K VR 2L
N B A R I AR R

234 mRIMETEHN  RIMRERG SRS
IR S5 & B T MMPs I R 0E |, 4 35
Bk Rt . AREREY, WA ARKE ISR

S ) SEV s e 25 B9 TR IR 5L 8 1 10 e s K-
HARA AR, FH P sSEVsAL LI IS (1) HDF A 2
Ji % i T MMP- 1 R MMP-3 (1) R I8 7K 7 B 2.t
W15, Z sEVsYKE | 7E 5 A2 IR T HDFH1 ()
mRNA Rk [FBE, B 502 B iy (8] 78 50 T 40
(umbilical cord mesenchymal stem cell, UCMSC)®]
PAREZZ HaCaT 1) 52 AT, BN i J5 i) 3Rk &,
BEAG 't b HaCaTHF MMP-1 (KA & . AR E T

fli 7 iX 2 sEVsf£ Y HaCaT %152 UVB I 5 45145 (1) e
71, 43 BIH308060 mJ/cm?® UVBIIE S AL (1) 40 o £E24
FA8/INI JE 34 R Vg ) B35 N BE, TS5 ARG
X HRZH AR B, UCMSCRIE Y sEV sAb 38 40 75 1% A
R 5] g0 32 7 20 RS g 0 S 2 1 0 B ST
FAd FH RIJR I 52 7:40F 78 T MSC-sEVsif S HDFiL#%
[IRE 1, ZEMSC-sEVsAbH 5 [ HDF (1)L 7% 26 5. 35 1
b, 7+ HHDFAEMSC-sEVs[P5fI & 410 pg/mLI &R
KT R PO, I8 W50 R BAE AR AME ] — 5
FIEFIRANRE S Z e T4 sEVs AT DLIE 3
N BCET 4 40 B RN I ik A 2 248 B (human umbilical
vein endothelial cell, HUVEC) 13458 5L F£PY,

235 HEAFEARIEA  SA-B-Galft T E L 44
Ji HR 2R A 1 S R AR bR B, BRI K TR AR
RGN, F2EE P 7 sEVs 7 Al PLsgAR
FERFRIE, 18It pH6.0M I A e (0 58 2 A B R AS IS A-
B-Gal RIS O, 45K, SR A HE ) 3 2 40 i AH
bb, FH 2 Dhfe ) 705 40 M T A2 FSEVs A Bt Y 240 i
FHSA-B-GalBH P41 i ) EL B BRI, Ak, TSN
3 FH N5 18] 78 5t 14 ffd (human umbilical mesenchy-
mal stem cell, hueMSC)KIEISEVSIEE 1 K A1
B R G, R ILYmAS A0 A 2% 1 19(cytokeratin
19, CK-19)/ & K 55 35 i, 1% 2 —Fh i SE s i &
R F 7 AR AR A AR, YR IT2E J, AR Y
CK-19FH T X 35T B 1 56 8 11136 R 285440, i B FHSEVs
BEATVRIT AR T B O B4R, R, ZEF N
Stk L BET-40 M K VR HISEVsAL PR HaCa T, 2 515
O@A M EAROEREE e, #00%EE 3 FIMMP-
D IE & T B X R Z4H(P<0.05)*, 4, HHFR
# hucMSCK JEsEVs 1 8 ¥7 7T LAk H0, 17 5 1
YA R PEB S, PIHIDNASRAS, FEAE SRR P 30 il
AT EAALROSRAE T, i e A G ke
M HaCaTZH i FIDNA T 1 L, SPBSALAHEL, Hihuc-
MSCYRESEVsidhi% 1) 14-3-3CFE 1A 77 41 H IIDNA
3 40 3 el b, AR LS fr it — D i
GAOZEPU g YAIE BSEVs 1] DA Jd ik JTE Nrf2:8 2% SR I8
/LUVBIF T [ROSAE i & AIDNAT 73, WF 2 N i i
b R SIS OR T MHSEVsAE 75 RE AR 57 41 fluDNA % %2
UVBHIE 345, DNAS 1 A2 B 5 DL 2 RS
DNAH 7tk Ron . SEia R B, fE 5O REE
AT FUVBIS SEARE R T — MK KIS ER
B2, XK HDNAK A T 345, MsEVsab B BF i o 35
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T Y DNAT A o

3 SEVsEHEMEKERFHARENA
3.1 KEkBIG

LA ) 2 k32 80 93 F 7 2 A U 8 R 45
i, WAL I B e 2 AL U A . P 2R U
FORETE TR FR B %, A5 11 1L 3% B B 425 11 3
Jis S HANLAAR T W R AR L AR . 1 2R B A
V5 3L L 48 7 L % 98 ) FIDIF 430 A 2 J52 2 1 33
FTEIN, SR LI IR, T i
HL A3 WA 2EL R 543 0 R E T4 1R E 4% 11 o 4 A
YL AL | T AS R 5 HLE 353405 B0 43 A B Tk 4
FR I B 790, 7E A% TR A I RORE B, T am ok 8
() SEVSIB I 40 I 5 S 1658 5 53 il 72, %

W) 4 Tt G B 1, AR I 288 SR 4 L DA - A< FEE AT 9 4%
RS, B b PR 4 R 3 B e A T B A 2R
4k R PR B0 R4 VA RGN B, sEVsil T
W5 AKTATERKGHE 2%, (i L5 P 52 40 M )35 58, 1
BN AR kB B VEGF . (I & A i A 1A
M58 A ACER -1, S8R A 1SR P I 3 AR e, ks>
YHARAET, S8 O o i I e BY; 245 0 &
HIEIEH B, sEVsEIE N H TGE-BURANHILET
YL L %) S A RO R B AR AR R DR £ 1 AN S
T A MA R, S0 IR 5 5 DR TR i e g, ()
sEVsi# it _F i MMP-1F1 MMP-9% 1A 25 1847 1 4% i
JiR BRI RIR L B, It i E B, k2
T IR (1) 52 VR T A B T4 B SEVSTE B2 JR 1A% R i)
BEIEH.

&2 SRIETAETHARAISEVSTER KIEE haERR S

Table 2 Effects and mechanisms of SEVs derived from different stem cells in skin regeneration

sEVsRJH 1 FRCR ML Y SR
Source of SEVs Effect Mechanism Model References
BMMSC Promote collagen synthesis and angiogenesis Activation of key signal pathways Internal [40-41]
including AKT, ERK1/2 and STAT3
ADSC Promote proliferation in fibroblasts Activation of AKT and ERK signal Internal and [12,14,26]
Optimize collagen deposition pathways external
UCBMSC Promote fibroblasts migration and collagen Permeation of an effective factor with ~ External [42]
synthesis of HDFs UCBMSC-sEVs in whole skin
UCMSC Prevent collagen deposition and increase cel- Activate Wnt/B-catenin signal External [43]
lular expansion Result in YAP-associated protein
phosphorylation
iPSC Promote cell migration and collagen synthesis Restore the mRNA expression levels  Internal [7,29]
of HDFs in UVB
Reverse the expression of genes as-
sociated with aging in HDF
Attenuate the UVB-induced overex-
pression of MMPs
MenSC Promote macrophage polarization Upregulation of endothelial growth External [44]
Enhance the number of newly formed blood factor A
vessels Activation of the NF-kB signal path-
Increase collagen deposition and decrease scar ~ way
formation
GMSC Promote the production and remodeling of re- IL-1Ra regulates a variety of External [40]
epithelialized ECM immune and inflammatory responses
associated with IL-1
SMSC Enhance the migration and tube formation of SMSC overexpress miRNA-126-3p External [45]

fibroblasts and endothelial cells

and stimulate the proliferation of
HDF and vascular endothelial cells

BMMSC: #7852 T-40l; ADSC: Jig /5 T4 fil; UCBMSC: Jit i ifi [6) 78 5T T- 40 Jid; UCMSC: Jif i 18] 78 B T4l e iPSC: %55 Mk 2 RE T4 e
MenSC: ZE 1T 481, GMSC: AP i IR 76 5t T 48 fd; SMSC: T e [A] 76 15 T 48 [ o
BMMSC: bone marrow mesenchymal stem cells; ADSC: adipose stem cell; UCBMSC: umbilical cord blood mesenchymal stem cell; UCMSC: umbili-

cal cord mesenchymal stem cell; iPSC: induced pluripotent stem cell; MenSC: menstrual blood stem cell; GMSC: human gingival mesenchymal stem

cell; SMSC: synovial mesenchymal stem cells.
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3.2 PESRIKIRIBR

BB RAB PR Rt . B 9T R IAE K SRR AR S
95 /I B Y v JRy 38 N FIMSC oK 5 (K SE Vs i 25 P A
T /N BB JBR H BT - 170 2R B A MR 0SB & HIC5b-9
KPR e ANE K IAE AR SN A e Sk R
) F1 3R FE 2 s (R SE Vs T DL S v b 40 P 3%
1k, BI85 SR RV HE R, GW4869(—Fi A
W AMSEV sl il 771 £ 44 N 4 SEV s 73 36 AT BABH 1E B2
JRI A5 1) R, 3B Ui WHSEVS AT B8 5 28 B 1) K
T B A ST,
3.3 SLE

SLEZ —# 3 5 Mg 4120 . sEVsE
B CIERRGR IR, 1288 0] DLR SRAL v LI sE Vs K
o AN ZPBEAH BRI A B 5 (e FERT HRZEAR LE,
SLE & 3% sSEVs/K R _Ff, 1X— AU
T SEVSHUNIEESIR 2 Wi AT A= 0hs S e
1M H SLEYG YT HEAE TR sE s . bk, SRt i
AR, SLEZ 3 IM17% sEVsH miR-146al1) 3Rk & i 3%
NP&. miR-146an] LUEITSEVs AL EIMSCHY, Hiiit
#[7] TRAF6/NF-Bf5 5B S 5 MSCHE ¥, IX st
LA B T SLEZEMSCHEZ B LA,
34 FRMERE

e 514 F2 %% (atopic dermatitis, AD) & B A 4%
AGE ) 14— ot RS R 2 I . CHOSE MM 2 A IR
sEVsH] LAHCGE AR /N R R ) AD. B ED
i S5 AL FE NC/NgaN B, 0 I kA j2 T 451
/NERKH ASCHISEVSs, &I sEVsA] B MLiE IgE7K
S Y/ 0L R R 0 i ) 5 A R R R A
FRAR K40, CD86™ A1 CD206 4 i (1)1 . sEVsik
B FEFRAK T Ne/Ngass B AD Bz JHs 28 v & b 28 4
Wi Rl U1 IL-4 IL-23. IL-31F1 TNF-aff] mRNA %%k
Ko CREIDR, IXELLE BRI SEVSH] LA —Fh
B AT M ADT A AT 7 2.
35 AGMELR

R PERE LI (systemic sclerosis, SSC)J&—Ff
JRRBLEA A S A AR . HRR
ML AT B -5 AR B A o0, AR = 1 pu it
Scl-70. SSCEH:H i ik HsEVshric#(CD63. CDIF
CDSI)FImRNAZKF-34 1, T 5 Ge PR AR AAE £ 2 1ML35
SEVs/K PR IE H MK . SSC KR sEVsH] LA
fHEIEH N HDFRIAMR 4 4E4b SE . 1R i 2
GIESR SUR T JE LN

3.6 BEN

I XU AE — Pl EH B R 3 R B 2R A i 328 I B A
71 L PR I € 1 B IR , 0 T AR RUOA B ER B
RSB TE A B B . sEVsIE B X T CD8*.
Treg 1 Th17 4 i 75 955 2F0 A= B 2640 (1) 1 42 208 2
VB ATAER sSEVSTER ER ML T ol F 8 CDS8”
TregM Th1 740 IR - K 5L, — @R E BRA
FI XU E B e 52 1 e Ak, 7E PR 2R AR g AR
HSEVs 78 24 £ J53 T G B A B 25 441 i 2 (] ()38 TH A
Ji, AlReS 5 B EREE . AR B AR
(A7 A () AN B 2 TR I . I 2 TR AH S EE 1 1
P BRI A O B 1 2001/ HIR W T2 A S B % IR 7 2[R
bR RIS, X R B AR E S5 sEVsH
Ko SRR, G iR AR A B sEVsH]
e BT 1 B AR R LR, RIS R T R T AE
WS SR TT I B HER Y.
3.7 KBRAHIE

figh TR 41 Ffu 5 (squamous cell carcinoma, SCC)H 1l
IREILZ P2, v RAET R, O, &M
SEAAT . WETTIRIA, FR ST R DL b Sk 2 R 2 i
Jai HSEVSIRE I, FHAR3ESZ AR 40 BT SEV R £8P
TN, SIS R 20 B AT A 1K SEVs R AR P 1 K
57, WimicroRNA . 3% K1 F1 80 & A, 727 F e
KA MRS E YRR . Ay 52 UL e gt 3 7
AEIT AT K E AR . B, 40 N B
1 1IR3 B AR A TR S AR IR TE 4, U 19 Sk B
IR Mg o5 2 R A K DR 32 AR ) M U SEV's
BIRES, eAh, 11 SCCH i AH O R AT 4 41 i fiT
A HISEVsH I miR-34a-5p A DL I AKT/HE )5 A il
PR -3B/B-1E PN R [ /Snail {5 5 2 TR 38 1 i e 41 i
(PP TERIE AN

R ZRR A i e LR DR S SR R, T
Ja AR . TR, NKORIEFISEVsX g A — & 1
FEH ™. sEVsH LL# IS 157 miR-138-5p/SOX4
T BRI B A FIRE A A B SR RIRRIE
(1) sEV s i 34 I 28 0, 25 B 1 Rk S 1 1T 5 R
BRMMAHEAEA P, kA S EREERAREN
SEV it ik 52 1A i 2 R U i U 28 1 REAE 40 P, AT A2
TR R R AT N PO AN, BRI
BT DL 43 WA 4557 PD-L 11 SEV's M T 081 T24H a3 124
GUEHE R, SEVsHEAT PD-L1A] & il G2 46 25 ik
B, FETRE FEUATT PR AR 241 BT
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Gk -

3.8 HIKFEE =7

PR IP AR J5% 90 A& — P B A0 22 2R SR Th g B A R L
AN G B R R AORE , K2 O R R
(AR PR U T W RS 577 . B T R ISR E 1inc00511
1 RIA ADSCHI sEVsit it #1fi] Twist1yz 2 A0 ek i
Az BN T Uk K SR B PR A2 159 B kA, ADSC

TE = A A PE S R r] U2 FEPC (endothelial progenitor

®3 FRERPRIFHISEVsIS HEAth B KBRS B ER AR

Table 3 Effects of different sources of SEVs on other skin diseases

cell) S FEAN ML 2E B, Nrf2 i Fik e — @ 5
XN TR E . AR A RN, AR A
I RIA Nef2 ¥ ADSCHI SEVSIRTT I, # R 99 K B2 1
A3 VR T AR 25 ik D B 3R 3G, 1 AN AR
SEVsXf Hoth K2 JH 7w A/ FHACR o

P SEVscii TEFRCR Bl B 275 R
Disease Sources of SEVs Effect Mechanism Mode References
Plaque MSC Relieve inflammation Inhibit C5b-9 complex formation by CD59, Internal [46]
psoriasis thereby inhibiting complement activation, al-
leviating IL-17 release from neutrophil extracel-
lular traps
Keratinocytes in Enhance inflammation Activate neutrophils External [47]
psoriasis conditions
SLE SLE serum Participate in the senescence The expression of miR-146a declined signifi- Internal [48]
of MSC cantly
MiR-146a also participates in TRAF6/NF-kB
signal pathway
AD ASC Relieve pathological symp- Serum IgE levels were significantly reduced, Internal [49]
toms mast cell infiltration was reduced, and the num-
ber of eosinophils was decreased
The mRNA expression of various inflammatory
cytokines such as /L-4, [L-23, IL-31 and TNF-o
was decreased
SSC SSC patients Pro-fibrotic effect Promote the expression of pro-fibrotic genes, Internal [50]
type I collagen and fibronectin in normal human
HDF
Vitiligo Vitiligo patients Disrupt the patient’s autoim- Break the microenvironmental balance of CD8,  Internal [51]
mune tolerance Treg and Th17 cells
Keratinocytes Involved in the production of ~ Be involved in melanosome transport and External
melanin regulate melanocyte survival and the protein
expression of enzymes
SCC SCC cells Mediate tumorigenesis Possess bioactive components such as mi- External [53]
croRNA, transcription factors and oncogenic
proteins
ANXALI regulates EGFR activity and alters the
release of EGFR containing tumor-derived sEVs
in head and neck squamous cell carcinoma
Cancer-associated Stimulate the proliferation MiR-34a-5p stimulates the oral cancer cells External [54]
fibroblast in oral and metastasis of oral cells through the AKT/glycogen synthase kinase-3[3/
SCC f-catenin/Snail signaling cascade
Melanoma  NK Inhibit tumor Regulation of miR-138-5p/SOX4 pathway External [4,55]
Melanoma cell Increase the metastatic be- Increase melanin protein expression and activity — External [2,56-57]
havior of primary tumors to interact with melanocytes
Educate bone marrow progenitor cels via the
MET receptor
Secrete exosomal PD-L1 to suppress T cell
activity
Diabetic ASC Enhance angiogenesis Inhibit Twist] ubiquitination Internal [58]
foot ulcer Reduce ulcer area

SLE: REGVELLBIRIE; AD: Fr 5w PEE 485 SSC: RGMEMEALI; SCC: BRIRAN M

SLE: systemic lupus erythematosus; AD: atopic dermatitis; SSC: systemic sclerosis; SCC: squamous cell carcinoma.
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4 RE
4.1 sEVsHIR FRET=

H FMSCKRIEHISEVs E A H B M. %
MRS 205, I H LI R B At 1E 76 Bk &
J&, FT LASEVSTE A K [ 1fs R 5 2 A58 A B2 B A5 K
BERRRIGEAE . (HE SR, SEVSTE AR T J7 TH
WRIEAT RS B, 7155 V8 2 30 R 90,
Ut H ATHAE N 0 F A 2 PR

B —, MSCHTAMISEVSTERYR . 4385, 4t Al
U 58 S T AR ATAE A5 SR BR 1, HT-sEVs8s 3% 7 2
8 FISEVs M 83 3 ) 1) Jo B (1 15 7R 2, TR AN
FAFE IR I ) B SEVS W U i KBk AR, H
i, XFFsEVSHIRAE . %00 %A Mgy, &
BNFSEVSIIOR S K1 RS FI AR 19 R AT A TR 1)
SEME AT, DRy KSE Vsl & 5 2549 il PR S FH 4
BAAHEARBREEE, B a0 ARERGE R TR 24
) 2548 FH BT D 1RO 55—, SEVSHE N T IR R
TR R T B A 1) S R A% i (B G SE VS I1 5
KN bREY GiRE )R AR AL, 7E
XA I AR R 2 B AR AE, RO T LR
S MHSEVSTE AR N 19T %%, SR, DR R AT e b e
FEAR KAIFAGSEVS RN, Fir LAk 700 e 2 AT Pk
WK, 28 =, SEVsHE N SZ 41 i J5 & 3EAE F AL
LA K 5995 BRI 97 Do By o A e 4 T B, o] SE I
AU BRI M, R SRR,

ST B ARTT, AT AR, AR Rk
RSN R AIALSEVS, W] EEAR G . fE6k. 77
w22 A L SR N — R TG T 77 S B S T
AEAE— Ltk . For, IR R FH SE Vs i BRI ME RT3 7042
FF 187 B R AN RO AS JE DA S M2 R 75
Ferp B R A AR ISEVSTEOR B 24090,

BEAL, SRR I 7T 45 SRR B, sEVsH] LA
RO AT 1, A AR AR A O EoRE PR G . B
PR REBLR, BB 5 40 B RN Sh A AR 2 A I PR
RITHIE T8 R AR RESEVSTE NS b (1 B FH R ASKE R I o
4.2 sEVsN A FREKERZ EMHIFN

T, B ZR R [ AN TR 4 i AT AT AR R [ Y
sEVs, 1 H1X BesEVsid /% i3 9E 5 5 24 A5 B,
DK Mt SE VS FRIBIL I TE Bz 53 2 ATh SR Jn 2 L/, 75 22
BE—2G B, 0, AR R AT 4 A
I 92 20 B = A2 BISE Vs ] BLAE 45 A ] [ miRNAF!
Y0 it DR - A FH A T 7 S 200 R 9 45 AN [ i) it

Fio HIR, 5% AR IISEVs & KE I mRNA
ncRNAFIER 15, BT DA s e Sk J05 240 L (1 A= 38 g 248
WA BEAN, I FsEVSAE — L8 57 B o B — 2 1
TR ANV Sk, BT LLSEVs A B2 A 37 B (42 W
kR EP,

MIRATIR IS BISEVSTE B R0 H IAE FH RS, JC
VIR G HOR VR AN i 1) e . B RTORE, MSCAA
I7 PESEVS ISR KU, 1o 254 1 R R AR £ 35
BIMSCA G BT & % 4. 124 Mk, B Eild
S TV 2 8% RN T A R T R FTIRR T
FEME LS IR PR AE AME B . SR, %SRBG B A 1E
5 R R4 (AN 2R A . T 80 B R 4 AL AR P 4
WEE K. TEIRIRIATT RS2 MSCIR YT IR 3 A A
MRS R B S, R AT VAT e LA g%
JE S, MSC-sEVs A L ZMSCHI A i J7 1) — N )
T AT R, RINMSC-sEVs B A 15 J5 4G 41 i A AL
(W LEY) 2 ThRe, (HARET IR GG 4N, &A1 AT a1
e S PR AR R AR s SR FE — T PG EG h, #
AT 2500 1 e 988 240 SR U I SE Vs S\ B i,
SEVSTUG LA = AEAR FE # 1, [RI 3L 302 TR IR
FRALN, AR, MSCHTA IISEVs AT Ll i o 968 K
HAENILE A=, TITMSCAS & AR,

TE K 41 I8 PEsEVSAE Jv 7 B4 T0 41 i 7 vk 2%
5 B2 AR T7 N AA 2 ol PR 95 R (60, 45 1 B2 JEk
TR UL R SRS 1 7 K R o
WU N 251 S R 3R 55 B, o e A PRI 2
VIR A FH PPN 2 B OB L. B4
BRI, ASCHTEMISEVsH] %4 T REfia )T, 15
AR A AN RS2, SR @ i 2 A PR A
P 1R S 56 45 J SR A 2 AN [RIMSCR YR [FSEVs & 75 fE
22 4 T R 367 1A fr ik — D R, ek
AHE T, PR AT AR (ISEVSE I 551 HBF 44 firosg
(17 [FI B, TT DASE 5 24470 FH T ()R )y 71080

AN, BEFRN R — B TR nT DL 25 1
sEVs. {HAE R AL PRI FHSEVs Z 71, 1575 5 il
() BB 8 ST T 3 R FRISE Vs B 25 7 V2 A B A 2L AN
FYEIT T 55— DR sEVs IR P
AW o3 A NAERE S VR38R R AL RS B BT R AL U 1
TR, ST SsEVsIE AR TT IR 24k 2 4 1 B
K ) e AR i i T, AN ZE o HAE
75 2R 72 SR RS HEREAT & PP E 9T, 38 75 X L
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