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[ Abstract] In regenerative medicine, stem cell therapy is an effective strategy for tissue regeneration and has a
positive therapeutic effect on the regeneration and repair of defective tissues. In recent years, a series of studies have
shown that the positive effects of stem cell therapy are mediated by exosomes released by the paracrine action of
mesenchymal stem cells. Researchers have thus proposed a novel treatment strategy to use stem-cell-derived exosomes
alone for tissue regeneration and repair, and affirmed through studies that the effects achieved were comparable to those
of stem-cell-based therapies. Therefore, as a promising treatment strategy, exosome-based tissue regeneration treatment
measures have been extensively studied. In this review, we discussed the latest knowledge of exosomes and the research
progress in the regeneration and repair of related connective tissues, including the regeneration of bones, cartilage, skin,
spinal cord and tendons, and briefly discussed the corresponding mechanisms. In addition, the challenges and prospects
of tissue regeneration and repair based on mesenchymal stem cell exosomes were discussed.

[ Key words] Exosomes

Mesenchymal stem cells Tissue regeneration and repair

(8] 7 5% 41 e (mesenchymal stem cells, MSCs) J&—
KEA LIRS RE R R BT affn . HoR IRz | g
JEVEAR . WA ZH A i R AP RO, B —FidE A
JEE VAT AR A S A A M 2 R TR T A R A e
W, FFMSCsHTRYT 7 218 2 I ARG PRI s 1
FEBR A 23R, H i 22 1) — SO I & 30T 40 7 i % 1
Z R . 2P0 UBE . 20k B4 R rh XA
BAW R FAEBER", B, MSCsI G721 FKIR
PRAE S AT RES A S Sk, DT RBAIIA 7 801 s R,
T 2o KR SR A MSCsitf 8 2 B2 SR AR AL, S BOe Ik B
FEVA 55 2 A R AL T 5 | e — LA TS5 565 =, X T 2t
IT IR IE LI TR B, s DL e S iR 97 20
PRI, T2 By 7 vk i it — 20 R SR B 1 AR R

* R F SR TR S £ T (No. 2018YFC1105900) . [ 5% [ ARl 5
4x(No. 32071352) FVU ) 1145 B U & 1130 5 4% 301 (No. 2019YFS0007) % Bf
A fEEH, E-mail: fan_yujiang@scu.edu.cn

UTAR R, ot Bk 22 T 53 26 BH - 40 i 7 V8 1 AE T Y
BARKARRE TP T4 55 73 W Vi PRS0 S A
AN — 2 B IR W52 A BRIR 41 i A, B
12140 ~ 160 nmo FM AN A 2 A A b BRI P4 b7
Pty —Fh s 3, HRRIR B9 AR BRI BRI AR K B, HLF
20122 90AF AR 11, WIF 5T 35 AN IAMAR Fg RS 3R i 25 A5 1%
JEPIE H, f3ECD63 ., CD81HICDY, L K A% N A I8 & 1
flotillin FTALIX (1% N 5 PDCD6HI B AR ), FPIH
el A BT Be PR R Y BT, Hh R F S mRNA
microRNA(miRNA) FIHAEGi RN A, HAHSCHY A= BT fE
A b R RIS, SR R X e
DIRERIE) 73 F N — A LR 2] ) —A Al i, DA i
SR 3B TR DR, AR 200 T8 1 AR 3O
SEVEF, OF B 5 e SN R B BORME . AR L O
9« AR 28 2R G0 AR S LA SJRRRE B AR 5% . BIFOE
RBR, T RGNS A B R AR T A M S I A R



E R

Wi 5 55 1) 78 S5 4 SRR ) A1 b A (R ik AH 1 A 5 FE A R T T i e 381

A T A M 2SR R IR PR o [RIRSE, PRSIl 45 1 A1
IMARRE K R AR REAE W TE M | 2 ORAF . TC e 5k, IR T
DA 3 ok 08 o 8 ) 78 12 A 1) 7 2 e 88 3K B o
7, T HEEIATTRCR . DRIk, foff FH T 4R VR B 7 i A
AT AR ) R0 3k B T Al 7 vk BT AR AR i 2 N 02,
591l 2 (8] 70 I T 4 A U 1) Z 1 A4 (MISC-derived exosome,
MSC-EXO), i T HAL & Kit 5 H LU E A GG P73
T, il 2 8 B R AAIMS Cs A TE ARG 7 SR ms B A
MTFB o

H i, MSC-EXOAE S — Rl B v I3 IR Y7 SR, 76
A 2P A 5 TN AZ B0 T2 B G . AR SCRMSC-
EXON T8 80 Kk RELL N fUME S5 25 4 2H 21
AAB S RIS 1 R 1A T R G 1) TR B, - 8 2R3 T A
N VE AL, R Fie T 3 FMSC-EXOH FA 24U
BRI PR,

1 MSC-EXOEHEBEHBEHHIER

KT B A5 K B0 71T R (osteoarthritis, OA)
SRl M ST e, BRI Wit 252 N #UE
20204F, R FE— LN, 8k Bk i £ 1 KR
P SR, ST B TR T R — Bk R, MSC-
EXOFE Ky —Fh TC 20 MU0 7 SR W, R 519 453 43 1) 7 24
BA BEOERY, IHERT BT Ry EBEA R
UF R BRORE 2 B 4, ZEIRSRO AR, MSC-EXO AI il
BN R -1B(IL-18) 75 514 B 20 2 TN AR AE 0™
Fok, AR Y 2 B, 7638 i Mg R AE B F-a(TNF-a) ™)
BUIL-1B% >R E S O AR AL Hh, MSC-EXO R K 52 L 5t
RS, T 20 ML T, TS SR E R R RAEVET . — R
FIWF5E 2R B, MSC-EXO A & i 5B 40 B 1 BE o 72
T R I B A VR, 3 5 MSC-EX O AR B 1 1 4 i,
HIT R . 0T . BT AL I A R A TR R )
INF, 38 o 5 R 24 4 T 4R 25 MSC-EXO IR YT HERE™ . f3iltn,
TAOZ 57 % 3 # A miR-140-5pAIMSC-EXO Y7 3%
T RALFEFIMSC-EXO, A W55 B, il if MSC-
EXOSHA T YE G, i1 TMSC-EXOM %%, BEH)
GRS A E N, LTUSE s, 1w
B NI B 7K B 9 e R B2 A8 8 DT R AT, YA
ST RORAR T S S AR A . AR AR B AR, SRR T
ANTRVZH AL ) 38 55 T 4l i A s, FL Ty g AR 38 5
AR AT #E T B BARTT B E BN
PRSRUR, A3 WS LA T AN ) T 20 SR U ) SN AR AR 22
Sl ZHUSEPIRESE R B, FEOATRYT Y, I T 2 RE T4
Ja A1 A (iPS-MSC-EXO ) A7 R T 18 B ] 70 3 14 i

S IA (SM-MSC-EXO) FIK .

WF5E #5383 R T MSC-EX O [11] 32 /R 40 Jfd 4 431 1
Iy MM AT 53 1%, LR R MSC-EXO/ F40H 4 R
B3 T . SRS, MSC-EXOX 4 1A 7 1R
JH 38 1 S T PO B (AKT) | 38175 20 B8 i (ERK) 11
R R 5 - FLBERR (AMP ) {6 ) 2 F1BE (AMPK) 155
WA 09, 3 TMSC-EXO#E 4 (9 CD 734 3 1 i I
PERe 28 [l & BEMSC-EX O I (1 CD 732K AMPK fift
R R B DG B, S PR T SZ AR, BESERAR T AZ AR AR
B4 AKT . ERKFTAMPK ) PGEBERR 1L, 548, H
MSC-EXO7 |2 i 956 5 1 5 350 T 4l A i) 22 Fh A= B0 e
BB, ANAB A |« B BE L LRSS LA R T
HEUEZ ™, I A B E MSC-EX O3 i3 #1m) #1
AN AT FL S F AR R A 1 (mTOR)F 52k
BB A RAEY, MSC-EXO FMmTORYE 5l ##%, F34
TL- 1 BA 3 P 200 L I 5 i, 490 ) 240 B T o, 9 2
MOACHE, P e BT o XA HT S MSC-EXO#E 7 (1%
fi miR-100-5pAY 54 F5 4 5, miR-100-5pif i3 ¥ [7] mTORAY
mRNAPELHZRE, S 8L A,

MSC-EXOi i 5HCETE M4 (MSC-4H 4 i ik
A4 ) A BAE FRAR 0 i B, ZEIRY T T e i
BRI B RAFARETS . (HIF B MSC-EXO
BT RCR WA AL TH125 B B, B /D iR 2 LA SR
YR Bt 7, SRR A WF T R AR R SR sl RS AY
HEATRYUe 2 IR L, E TR AR KRR EE )
FRT /N R, Tk R Zh A kA T g — 2P ok, Jf
e Tl PRI 09 )5 ) K e o

2 MSC-EXOXEBB4AHRIER

MSC-EXOi# i} 55 [ 2 AL A 4 AL AH B A, Ja =41
PRI R ARTTF2%¢ T MSC-EXOFEF I Fr i
P CREAR B AN 27 A5 T I R RTAIF 9
ZER . ORI Z TR, AR R S B AL
TS R 2 D R ) B B B A I MSC-EX O, ] fig #E 87
A A AR OB LU AE . AR SRR, e IR
I SR 2 e R S AR UM C-EX ORI ™ 7, i
S i 3 # Pk T MSC-EX O, 5y —Fhik A MSC-
EXO[f & ) T 48 I, WB-TCP. PLAFII A5 4F 1 3L i
SCHEP SO MSC-EXO B 2 B K B 2 el e S5t T
ZEerh R AR . XA T MSC-EXORY 421
TRESCHR, WIS AE Y2 T Re . Bl —TF R ARGE, B
MSC-EXO [ 2 AEER S A 2R T i, [0 78 0T 1 40 it A S 28
FEI M FEAE FHRE R, 3O T E— 2 A U B R



382 PUNT S22 (B2 )

5 524

ABWLAVEI, IeAbh, AF5E R, 38 0 WU i sl 8 1
BT ST MSC-EXOREA 71T, BEME 3 3 H AR )24 Dy Rk
3 2ok B G ) 8 5T A0 M Rk 4, anis AR 5 A
F-1a(HIF-10) ™8 miR-375%, 0] LI SZBIMSC-EXORY T
B M 5 BT A 5 R A BN AR TR -
Y(IEN-y) FITNF-c, o420 Ab 0550l 35 ) 7 o+ 40 i 55
J5 2Ok 5RMSC-EXO R B P AR

XF T MSC-EXOfE #F -4 19 73 F ALt 45 B IR A
W98, WANGEEHGE 12k A A A L E B Be i MSC-
EXOHEH A R ZE R FI & 2 U microRNA . U/ Ak g 407
FIMSC-EXOH & 5 T — L5 19 113 #H ¢ microRNA,
HerP i B A O B microRN As(miR-10bFImiR-21) 63k
THE5, MU I microRNAs(miR-31, miR-144F1miR-
221) FEIEFEAIL, X 5MSC-EXOE Tl b A fh A7 6,
X—45 R E W, MSC-EXOTEN T i /b ik fE v, H:
HEAHF A B A K microRNAs & ¥ T B A/E T . LAk,
MSC-EXOR] I 452 A 24 fifd v i il B R0 145 A= i 1 A
FmiRNAs(miR-2861FImiR-210) # 3k, M7 m i
B FVEGEHUE I FRUNX2 Y #35 E i, {2 0 i
SRR, 5 —TRF G MSC-EXORYAE i B VR I IE R T4
WM TP Wnt3a ) & 42 FIWntf5 538 15 ], Wntf5 58
B Z AR A A 4 (OBs) Pl 5 s B Ak 15 5
1 AN, B RFSEIESE T PI3K/ A5 = i %
A5 B A L A3 A B R Y DG A MY, TTZHANG
ZEIEGE K I, MSC-EXOHY 3 MSCs U H 73 AE HI A FRUR
R 3 B PI3K/ Akt T8 PR S

BT (4 0 A Ak A R AR R (K 5 R A UE
TE AR e SCHE, XL AE T e I L
MSC-EXOA fie 1 1fiL 45 T i 240 B C A AU e ik P 12 400 i
(HUVECs) JFAERVEH, A B F I 4 F A, SF e k8
A, S, MSC-EXORIMIE#EHUVECSs K3 78 AT
¥, It L VEGFFI HIF-10/%5 1038 A 0R 56 3L DA, 388 1ty
BT HLRE S0 281 R, MSC-EX O3 i3 7 Y AN A
A 9 microRNAs(miR-30bHImiR-210), 43 51|48 [i1] 57
AHUVECsH ) Deltakf i {£4(DLL4) M Ephrin A3
(EENA3), Al{g 3 il A A s, R T MSC-EXO#5717 1)
microRNAS FAE AN, B SR 485 21 1 W nta 5% % 51
HUVECs, 7] L B-Catenink [ HIAE, MM UE 145 A=
BT, F T ) — T 58 WY, AR AL AT S MSCs
FYHIE-1a ik, DUE HEAM LA 0 BE T, SR 5 i 1t 5
MSC-EXO#H flimiR-126 7 £E, I K miR- 12644 F5 5]
HUVECsH, #ill il Ras/ERK #1111 #ll Fl -7 (SPRED1) [ 3
ik, IS Ras/ ERKGE i, {2 #FHUVECH5HE . TR

A A

PR, 38 ok AN R i MSC-EXO I B =X, i#47 K g
A A AT ) 42 L 8 i Al 9 A g DA 16 1, ke
15 SRS 5 A T B K AR W T B 2 AR A 4,
Fy] UA SO A0 M 04 A= W)~ DI RE, e R 1 AR S 20 M
RIS LA A 5K 40 Y 304 L A% DA B R T i, X P AR
HRERAFRWR A

3 MSC-EXOFfERcBAEHrIER

B2 IR T ORAP AL G 52 SRR B AR, (R R R R T AR 32 43
J&, T E R A, R A BE IR (18 M 1 sl st
) PR EITEBUT o PR Bz BRZH SR A | R R
52 Z A IR BE, R R G AR B R Ik
Bl A A R4 BB RSB BL . RAERT B, B FE B B
FIVE SRR BE ke iy B 1 A 3 AR X L AR AR
FOCHBEN R RRGFFETIRE . HIOCHI5E R, MSC-EXOFE
B R A R R A A B B rh B R T AR

FERRAS B BL, I/ INARAT I B it A4 DA AR 370 32 458407
FSRENHFA IR A HEAERE R IMSC-EXO2 5 T
3 F1 A AR 0 I YRR ], L S 3 1) — JURIF 5 45 SR 3R
W] 7 MSC-EXOTE M M @ G it B x5 11 1k il A TS AE 25
Ak, BB KI5 FIMSC-EXO(UC-MSC-EXO ) 7EAR 4
AT LA B, SR, T 20— BT R S HrMSC-
EXOTEA@ RGNS 2 0F T g A/EH] .

FERAE WY B, RS 2 RE T AT A% 10 A ad
P RAEZHUATA F R A KBRS, B =%
BRI, B, SR R AR RAE TR A
FIF05 0V @G, AP RUASTE X4 14 R AE I 1] R 58043
H @A R, AL AL . 3o AYER Y Bl b B2 s
O A A R R T A A AR P ) R SRR AL, 4
SR A 6 A ML AR N 2 Ak M2 AR o A [) i 3 AR A A
MSC-EXO A i 3 . I 41 Jfd [ 0 5 M2 3R A (g il Ak
BEAI, 3 FT A2 A7 A B B 4 40 R T Ik B 40 e 7 5 11
A A —E R Bibk EL AT M I B A, i
3 2o 7 A 45 ARl 4 R AR A K PR A R T B S 5 T
AR A 5 P T 400 v e il TEN -y 4 7 A IR AR A e
M1 E AR R SR AL 0 A R R,
MSC-EXOR] L5 Btk L 4H L 4 53 A6 A3 8, o Al LA
TV E2L 200 B B 5, 38 KR I A 1 Tk E28 4 P £ Ay
T HETANM Y, AT K 45 Ga e i 1 FH

FERE B B BE, BUET Ak 4 M ] DA B I 8 4 2L RS 3
PAOTEBAL, I A A R 1, LG T A S AR A
T AL R 2 1, DA R AL 2T . AN R ZH UK R



E R

Wi 5 55 1) 78 S5 4 SRR ) A1 b A (R ik AH 1 A 5 FE A R T T i e 383

HIMSC-EXO#RBE 5 BULT 4 4 A S5 A0 BLAEH, P81 A0 )
TER R A L S BE A0 24 1, DTS B 2 R P-4« R
5 160) 76 5 T 4 i 71 i R (ASC-MSC-EXO) il A 715 F L
B A S0 J T 2 200 M A SO A B ) SR RS R A, 0T
S T /T S AN s 2R 00 A, DRI it/ BRURZ Bk 5
HAE ARG B ] 58 5T T 20 fd 41 A4 (FD-MSC-
EXO) i@ it Jagged 145 1, W% Notchif i, ¥5-F
T /IR i 3 2 1 RT3 1 mRIN AP 2380
N UG- B ) 70 5T 40 M R UAMA (BMSC-EXO ) AT {R SR
JSCET 24 240 6 (L 1A PR s F8 43 1 ) 3R AR RS, MISC-
EXOX] 1 % B4 M A7 — & 94 s AU C-MSC-
EX O i 0% AKT 3 B AR 370 A ik A= Ak £ 5T J% B 240
(HaCaT) 2 BT AJiWharton’s Jelly-
MSC-EXOI T2 Ui T4l i/ Mis 14 (iPSC-MSC-EXO)
] 5 HaCa T A 438

TEF ISP B, MSC-EXOFA B T /IR T . I8
IR B A2 S WUBLET 24k 40 B 0 1 AN 2 4 il ) R 2
FESE. R, Wb WURGET 2k 4 At i 3 1B SR A4, 5 R0
IR B, AJEUC-MSC-EXO A 1 i il /I UL
21 2 40 B i) AR SRS ER B L. A, AT 44
JiL .G A 6 R B 200 LRI DAY 2 4 A ) e R ) i T 4
J& A I (MMPs ) A B 3B R 53 I BL e S 2 4, i /b
JEIRAE . WANGAEIBFSEIESS T ASC-MSC-EXOXT 4
oAb 5L ot o 9 A R 45, B GE 3R T TGF-B3 5 TGF-B1,
MMP3 5 MMP1 )23k Fe R T BRI -5 IR IR Y
TR B8], DT A 32 K R BN TEIEIRAE &

Z5 I, MSC-EXOH] & 5 kA @ & RS . &
SiE | 1 GE RN EE SR BY B, 38 3 A 5 SERE B FH AR
DASOU A 5 . 3RS AN Y U5 7 T A 2, X Kz ik
0 B R AR AR

4 MSC-EXOf & ERm1eEhryiEH

B #EHHI (spinal cord injury, SCI) % S8 A A1z 3l
FERGE I RE AR, AN 23 %] (825 10 S AR08 1A
TS BE R E AR SR E KWL SF 7. Hh
T HHT M ICARURIATT i, R A 0 | IR
FRESE R MR A MR (9 (R, S 4F 2K, MSC-EXOTE
SCIM AT IR 1 2 B E A 1B IR G, I Rl
—FP RAFSCHAYTY Ik . VEZWIFEUER, SCIR T REK
I F 5 SRAE VR A O, DR A4 R B A PR AT B
FEIRYT BRI 1Y EERME S, SAE SO Y £
P24 T (ANIL-1B, IL-6, TNF-o%5) FIHLA K 1 (AN1L-4
FIIL-10%5) BYAERXTFRIBAKTA XK. FZ R, MSC-

EXOTEH HEM 5 a1 il 4 48 PR A3k, mT LA
SCIFIIIREM E . ROMANELLIZFHZ5H T AJEUC-MSC-
EXOTER SN 8z 51 Ak 1 /0N ot 40 B A BLAE L, -7
SCIZ A M ham il fe 28 R - 3k o 7EH B4 45 K B
R kA B A UC-MSC-EXO R #lI I IL- 1B FIIL-6
Bk, {22 Sh D RE AR o BRedlE i o) b —BL A
FER W, FEQI MM TR B 4557 v, NLRP3
SAE/ MRS , HTG PEHE SR, NLRP34HE/ ML T
YA BT, HNLRP3(—FM T A A BESRE L 1, A
Caspasedi 5218) FllCaspase- 1 21 5 7 i, X G 88 K2 o7 1)
T EA FE AR, R, SHINLRP3 A AE 380 7T LA
TR A REI 5 DI REIRE . HUANGEE L Ik [
JEEAHASC-MSC-EXO I fie FEAH 2 D BE VRS, ol 458 455 T
YR HEBWMIEHIILHRLE, FERBISCIzh YAl
BN I MR T NLRP3JSAE /MA B0 , IF PRI 48
SE AR T 223k . SUNSERIBFGR AR 3] T 28U 45
3, BRI AIRUC-MSC-EXOT] FEAILIE 4 4 AL Al T TNF-a.
IL-6.. TFN-y/FIA 200 H 2 v 0 R - A 7K, TRI B4 e
KRNI FIL-4FIIL-10/ 7K . MSC-EXOMIRYTEH]
4 R 5 A E W 20 AR fE A O, INLANKFORDA§®
S BRIk S MSC-EXO R b Sk 5 B B b, I 5
M2AE W20 R P 25 6, T SRR R AT

H AT, 2 FMSC-EXOfE #F F W 40 Mt Ak R 15 Y 7 6 1
405 B B S AT b T R A B B o 4 R BIF 5T R A TR A
MSC-EXOA M3 4 AE S Al I8 15, DT o8 4 Bt 4
SR AE BT RR R . HR 2RI T 1 S P A A,
PRI SRV BB T 2 BeAb, BRI AR B BB 10
A —E WIARITVE R, A8 B 6 57 HLE FIEE 2 AS 6,
Tt — L R .

5 MSC-EXOF ARG 15E hri1E A

U A3 A 16 Bl N e 8 Bl AR L. U2
Vifa @A 1%, RHRYT ARG ACR A AL, P
R, BAESEBRIR AL, — S5 iiE T MSC-
EXOXS AU s B+ 18 2 1A FIVE R o A6 —I50K BRVURE S
ik 46 55 WF5¢ v, BMSC-EXOVA YT LA B i iy 7 =X,
A R BRI ) A, DA T o 45 g T LR 4 A, A

T BRI ik, FLT A e I ek BRAIR . YURE RIS
FE, AR U B WU I8 IX VR S MSC-EX O, 7R 4 412
A H12 05 T A RE I s WURHME & fedln i — S
FFRI, A6 58 M2 FE AR T, A U - 3 S Ad
Jey R TE S ASC-MSC-EXO ] Y fig Wi i, fie LA -1
WA, SEIE A B AR AR, O B U - A FAL Y



384 PUNT S22 (B2 )

5 524

AW IR RET . RS — IR R, 1 EBMSC-EXO
BRI 7K BRI AR 1 1 /I BRSS9 JUURE - 1 A& RN AT i 50R AR
I, TGS TS A ERE™. (HH R TMSC-EXO
7 5 WU - B 3% 12 18 5 P AR B9 1 5 i AR XA R
MSC-EXOX JJU b 416 52 (1 BB A T 75 280k — 2 7 i
PR b B8, HAR S 367 HL AR P it 7 2 A ik —
W FEIRER o

6 PEFIREE

RUE KA BT AE T MSC-EXOTE 45 45 4 41 ik
TEYT BB A ), (H 3k B2 B AR 75 B AR I RAFF 5% Hp F
— A, [, MSC-EXOIAYT M B R A AT SR 7
FEBRIOPRAR . BARN M ERIAE LR LA I 26—,
A T HEAPBR S, H RT3 4l 8 s 7= B MSC-EXO i
ABRBIMERE, I TR E o — 20 R RER, 45 7 B Ak
=g, DA IG R FH . 25 =, B A #EMSC-
EXOH BARKY N Bt (B BT . 26 BT IR ) 5 H = A=
PHGRIFRCR Z [ 1) H G R . TR MSC-EXOME iR
TR I, &R B IR HIRT TR . A PRI RGR
AR T EATIRABIIE . 5 =, MSC-EXORYIEFR; 5
A A YT A RE BN AT UL A EIAE A . BT MSC-
EXO B 4 1iE B nJ $2 1) Z2 Fh 4 g 23S 780, (H H 17 38 A 75 48
MSC-EXO 2 WM B2 1, Rl & 7E 2 22 AR I 34
Berpo PR S MSC-EX O I ) M T G- b 12 g H e
SVERWE ISR . 550U, B MSC-EXOfE N —Fh 25 1% i3
FAR B AH DG T2 M AT IS 2 —, TR ROR S o) —
AT . AR BIRIFST T BT & e s BE RE s
SRR A 25 W) 3 BIMSC-EXO Y, g fFMSC-
EXOY R SE R A A Wi P B AR ik

H 17, MSC-EXO M 5% & — -1 BR A #A 5 , 1E
TE 2 JR BB A FIAH SCHIFIE B i 1 1T e 25 R SIMUAMAC ) 572 5T
PEFAEY) 2= D Re Y dE s S S 2 H M E 15 B, JFES)
MSC-EXOTEBE AR ASWi T R AR . AR IHFTE L
ST AN A | A E IR Mo e AR
T FR A VE SRR G WA . AT MR S B Ak | Ry
S 5 R A RO S A AT ARSI AR g a2, KAl R b4 3
X IR () BERAE P2 ) B A BRI R T RO TR

FIZEWSE  FTA 1EE LS IR 5 e

2 £ X o

[1] WANGY, CHENX, CAOW, etal. Plasticity of mesenchymal stem cells

(2]

(3]

[4]

(5]

(6]

(7]

(8]

[9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

in immunomodulation: pathological and therapeutic implications. Nat
Immunol, 2014, 15(11): 1009-1016.

PENG X, XU H, ZHOU Y, et al. Human umbilical cord mesenchymal
stem cells attenuate cisplatin-induced acute and chronic renal injury. Exp
Biol Med, 2013, 238(8): 960-970.

MURATA D, AKIEDA S, MISUMI K, et al. Osteochondral
regeneration with a scaffold-free three-dimensional construct of adipose
tissue-derived mesenchymal stromal cells in pigs. Tissue Eng Regen Med,
2017, 15(1): 101-113.

SROUJI S, BEN-DAVID D, FROMIGUE O, et al. Lentiviral-mediated
integrin alpha 5 expression in human adult mesenchymal stromal cells
promotes bone repair in mouse cranial and long-bone defects. Hum Gene
Ther, 2012, 23(2): 167-172.

INGAVLE G C, GIONET-GONZALES M, VORWALD CE, et al.
Injectable mineralized microsphere-loaded composite hydrogels for bone
repair in a sheep bone defect model. Biomaterials, 2019, 197: 119-128.
GYOENGYOESI M, WOJAKOWSKI W, LEMARCHAND P, et al.
Meta-analysis of cell-based CaRdiac stUdiEs (ACCRUE) in patients with
acute myocardial infarction based on individual patient data. Circ Res,
2015, 116(8): 1346-1360.

SWAMINATHAN M, STAFFORD-SMITH M, CHERTOW G M, et al.
Allogeneic mesenchymal stem cells for treatment of AKI after cardiac
surgery. ] Am Soc Nephrol, 2018, 29(1): 260-267.

KIM N, CHO S G. New strategies for overcoming limitations of
mesenchymal stem cell-based immune modulation. Int J Stem Cells,
2015, 8(1): 54-68.

GNECCHI M, HE HM, LIANG O D, et al. Paracrine action accounts
for marked protection of ischemic heart by Akt-modified mesenchymal
stem cells. Nat Med, 2005, 11(4): 367-368.

LENER T, GIMONA M, AIGNERL, et al. Applying extracellular
vesicles based therapeutics in clinical trials—An ISEV position paper. |
Extracell Vesicles, 2015, 4: 30087[2021-04-18]. https://doi.org/10.
3402/jev.v4.30087.

MATEESCU B, KOWAL E JK, VAN BALKOM B W M, et al. Obstacles
and opportunities in the functional analysis of extracellular vesicle
RNA—An ISEV position paper. J Extracell Vesicles, 2017, 6:
1286095[2021-04-18]. https://doi.org/10.1080/20013078.2017.1286095.
HUNTER D J, BIERMA-ZEINSTRA S. Osteoarthritis. The Lancet, 2019,
393(9991): 1745-1759.

WITWER KW, VAN BALKOM B W M, BRUNO S, et al. Defining
mesenchymal stromal cell (MSC)-derived small extracellular vesicles for
therapeutic applications. ] Extracell Vesicles, 2019, 8: 1609206[2021-04-
18]. https://doi.org/10.1080/20013078.2019.1609206.

CHEN P, ZHENG L, WANGY, et al. Desktop-stereolithography 3D
printing of a radially oriented extracellular matrix/mesenchymal stem cell
exosome bioink for osteochondral defect regeneration. Theranostics,
2019, 9(9): 2439-2459.

CHEN 'Y, XUE K, ZHANG X, et al. Exosomes derived from mature
chondrocytes facilitate subcutaneous stable ectopic chondrogenesis of
cartilage progenitor cells. Stem Cell Res Ther, 2018, 9: 318[2021-04-18].
https://doi.org/10.1186/s13287-018-1047-2.

COSENZA S, RUIZM, TOUPET K, et al. Mesenchymal stem cells

derived exosomes and microparticles protect cartilage and bone from


http://dx.doi.org/10.1038/ni.3002
http://dx.doi.org/10.1038/ni.3002
http://dx.doi.org/10.1177/1535370213497176
http://dx.doi.org/10.1177/1535370213497176
http://dx.doi.org/10.1007/s13770-017-0091-9
http://dx.doi.org/10.1089/hum.2011.059
http://dx.doi.org/10.1089/hum.2011.059
http://dx.doi.org/10.1016/j.biomaterials.2019.01.005
http://dx.doi.org/10.1161/CIRCRESAHA.116.304346
http://dx.doi.org/10.1681/ASN.2016101150
http://dx.doi.org/10.15283/ijsc.2015.8.1.54
http://dx.doi.org/10.1038/nm0405-367
http://dx.doi.org/10.3402/jev.v4.30087
http://dx.doi.org/10.3402/jev.v4.30087
http://dx.doi.org/10.1080/20013078.2017.1286095
http://dx.doi.org/10.1016/S0140-6736(19)30417-9
http://dx.doi.org/10.1080/20013078.2019.1609206
http://dx.doi.org/10.7150/thno.31017
http://dx.doi.org/10.1186/s13287-018-1047-2
http://dx.doi.org/10.1038/ni.3002
http://dx.doi.org/10.1038/ni.3002
http://dx.doi.org/10.1177/1535370213497176
http://dx.doi.org/10.1177/1535370213497176
http://dx.doi.org/10.1007/s13770-017-0091-9
http://dx.doi.org/10.1089/hum.2011.059
http://dx.doi.org/10.1089/hum.2011.059
http://dx.doi.org/10.1016/j.biomaterials.2019.01.005
http://dx.doi.org/10.1161/CIRCRESAHA.116.304346
http://dx.doi.org/10.1681/ASN.2016101150
http://dx.doi.org/10.15283/ijsc.2015.8.1.54
http://dx.doi.org/10.1038/nm0405-367
http://dx.doi.org/10.3402/jev.v4.30087
http://dx.doi.org/10.3402/jev.v4.30087
http://dx.doi.org/10.1080/20013078.2017.1286095
http://dx.doi.org/10.1016/S0140-6736(19)30417-9
http://dx.doi.org/10.1080/20013078.2019.1609206
http://dx.doi.org/10.7150/thno.31017
http://dx.doi.org/10.1186/s13287-018-1047-2

E R

Wi 5 55 1) 78 S5 4 SRR ) A1 b A (R ik AH 1 A 5 FE A R T T i e

385

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

degradation in osteoarthritis. Sci Rep, 2017, 7: 16214[2021-04-18].
https://doi.org/10.1038/s41598-017-15376-8.

LIU X, YANGY, LIY, et al. Integration of stem cell-derived exosomes
with in situ hydrogel glue as a promising tissue patch for articular
cartilage regeneration. Nanoscale, 2017, 9(13): 4430-4438.

LIUY, ZOU R, WANG Z, et al. Exosomal KLF3-AS1 from hMSCs
promoted cartilage repair and chondrocyte proliferation in osteoarthritis.
Biochem J, 2018, 475(22): 3629-3638.

MAO G, ZHANG Z, HU S, et al. Exosomes derived from miR-92a-3p-
overexpressing human mesenchymal stem cells enhance chondrogenesis
and suppress cartilage degradation via targeting WNT5A. Stem Cell Res
Ther, 2018, 9: 247[2021-04-18]. https://doi.org/10.1186/s13287-018-1004-
0.

TAOSC, YUANT, ZHANG Y L, et al. Exosomes derived from miR-
140-5p-overexpressing human synovial mesenchymal stem cells enhance
cartilage tissue regeneration and prevent osteoarthritis of the knee in a rat
model. Theranostics, 2017, 7(1): 180-195.

ZHANG S, CHUAH SJ, LAIR C, et al. MSC exosomes mediate
cartilage repair by enhancing proliferation, attenuating apoptosis and
modulating immune reactivity. Biomaterials, 2018, 156: 16-27.

ZHUY, WANGY, ZHAO B, et al. Comparison of exosomes secreted by
induced pluripotent stem cell-derived mesenchymal stem cells and
synovial membrane-derived mesenchymal stem cells for the treatment of
osteoarthritis. Stem Cell Res Ther, 2017, 8(1): 64[2021-04-18]. https://doi.
org/10.1186/s13287-017-0510-9.

TOFINO-VIAN M, ISABEL GUILLEN M, PEREZ DEL CAZM D, et al.
Extracellular vesicles from adipose-derived mesenchymal stem cells
downregulate senescence features in osteoarthritic osteoblasts. Oxid Med
Cell Longev, 2017, 2017: 7197598[2021-04-18]. https://doi.org/10.
1155/2017/7197598.

VONKL A, VAN DOOREMALEN S FJ, LIV N, et al. Mesenchymal
stromal/stem cell-derived extracellular vesicles promote human cartilage
regeneration in vitro. Theranostics, 2018, 8(4): 906-920.

WU J, KUANG L, CHEN C, et al. miR-100-5p-abundant exosomes
derived from infrapatellar fat pad MSCs protect articular cartilage and
ameliorate gait abnormalities via inhibition of mTOR in osteoarthritis.
Biomaterials, 2019, 206: 87-100.

ZHANG S P, TEOKY W, CHUAH S, et al. MSC exosomes alleviate
temporomandibular joint osteoarthritis by attenuating inflammation and
restoring matrix homeostasis. Biomaterials, 2019, 200: 35-47.

OTSURU S, DESBOURDES L, GUESS A ], et al. Extracellular vesicles
released from mesenchymal stromal cells stimulate bone growth in
osteogenesis imperfecta. Cytotherapy, 2018, 20(1): 62-73.

CHEW JRJ, CHUAHS]J, TEOKY W, et al. Mesenchymal stem cell
exosomes enhance periodontal ligament cell functions and promote
periodontal regeneration. Acta Biomater, 2019, 89: 252-264.

ZHANG Y, HAO Z, WANG P, et al. Exosomes from human umbilical
cord mesenchymal stem cells enhance fracture healing through HIF-1
alpha-mediated promotion of angiogenesis in a rat model of stabilized
fracture. Cell Prolif, 2019, 52(2): €12570[2021-04-18]. https://doi.org/10.
1111/cpr.12570.

LIUW, LIL, RONGY, et al. Hypoxic mesenchymal stem cell-derived

exosomes promote bone fracture healing by the transfer of miR-126. Acta

(31]

[32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]

[41]

(42]

[43]

Biomater, 2020, 103: 196-212.

PIZZICANNELLA J, DIOMEDE F, GUGLIANDOLO A, et al. 3D
printing PLA/gingival stem cells/ EVs upregulate miR-2861 and -210
during osteoangiogenesis commitment. Int ] Mol Sci, 2019, 20(13):
3256[2021-04-18]. https://doi.org/10.3390/ijms20133256.

CHEN S, TANGY, LIUY, et al. Exosomes derived from miR-375-
overexpressing human adipose mesenchymal stem cells promote bone
regeneration. Cell Prolif, 2019, 52(5): €12669[2021-04-18]. https://doi.
org/10.1111/cpr.12669.

LIW, LIUY, ZHANG P, et al. Tissue-engineered bone immobilized
with human adipose stem cells-derived exosomes promotes bone
regeneration. Acs Appl Mater Interfaces, 2018, 10(6): 5240-5254.
PIZZICANNELLA J, GUGLIANDOLO A, ORSINI T, et al. Engineered
extracellular vesicles from human periodontal-ligament stem cells
increase VEGF/VEGFR2 expression during bone regeneration. Front
Physiol, 2019, 10: 512{2021-04-18]. https://doi.org/10.3389/fphys.
2019.00512.

MOHAMMED E, KHALIL E, SABRY D. Effect of adipose-derived stem
cells and their Exo as adjunctive therapy to nonsurgical periodontal
treatment: a histologic and histomorphometric study in rats.
Biomolecules, 2018, 8(4): 167[2021-04-18]. https://doi.org/10.3390/
biom8040167.

XIE H, WANG Z, ZHANGL, et al. Extracellular vesicle-functionalized
decalcified bone matrix scaffolds with enhanced pro-angiogenic and pro-
bone regeneration activities. Sci Rep, 2017, 7: 45622[2021-04-18].
https://doi.org/10.1038/srep45622.

WANG X, SHAH F A, VAZIRISANIF, et al. Exosomes influence the
behavior of human mesenchymal stem cells on titanium surfaces.
Biomaterials, 2020, 230: 119571[2021-04-18]. https://doi.org/
10.1016/j.biomaterials.2019.119571.

LI H, LIU D, LIC, et al. Exosomes secreted from mutant-HIF-1-
modified bone-marrow-derived mesenchymal stem cells attenuate early
steroid-induced avascular necrosis of femoral head in rabbit. Cell Biol
Int, 2017, 41(12): 1379-1390.

WANG X, OMAR O, VAZIRISANIF, et al. Mesenchymal stem cell-
derived exosomes have altered microRNA profiles and induce osteogenic
differentiation depending on the stage of differentiation. PLoS One, 2018,
13(2): €0193059[2021-04-18]. https://doi.org/10.1371/journal.pone.
0193059.

LU Z, CHENY, DUNSTAN C, et al. Priming adipose stem cells with
tumor necrosis factor-alpha preconditioning potentiates their exosome
efficacy for bone regeneration. Tissue Eng Part A, 2017, 23(21-22):
1212-1220.

FUJITAT, AZUMA Y, FUKUYAMA R, et al. Runx2 induces osteoblast
and chondrocyte differentiation and enhances their migration by
coupling with PI3K-Akt signaling. J Cell Biol, 2004, 166(1): 85-95.
ZHANG J, LIU X, LI H, et al. Exosomes/tricalcium phosphate
combination scaffolds can enhance bone regeneration by activating the
PI3K/Akt signaling pathway. Stem Cell Res Ther, 2016, 7(1): 136[2021-
04-18]. https://doi.org/10.1186/s13287-016-0391-3.

ZHUY, JIAY, WANGY, et al. Impaired bone regenerative effect of
exosomes derived from bone marrow mesenchymal stem cells in type 1

diabetes. Stem Cells Transl Med, 2019, 8(6): 593-605.


http://dx.doi.org/10.1038/s41598-017-15376-8
http://dx.doi.org/10.1039/c7nr00352h
http://dx.doi.org/10.1042/BCJ20180675
http://dx.doi.org/10.1186/s13287-018-1004-0
http://dx.doi.org/10.1186/s13287-018-1004-0
http://dx.doi.org/10.7150/thno.17133
http://dx.doi.org/10.1016/j.biomaterials.2017.11.028
http://dx.doi.org/10.1186/s13287-017-0510-9
http://dx.doi.org/10.1155/2017/7197598
http://dx.doi.org/10.1155/2017/7197598
http://dx.doi.org/10.7150/thno.20746
http://dx.doi.org/10.1016/j.biomaterials.2019.03.022
http://dx.doi.org/10.1016/j.biomaterials.2019.02.006
http://dx.doi.org/10.1016/j.jcyt.2017.09.012
http://dx.doi.org/10.1016/j.actbio.2019.03.021
http://dx.doi.org/10.1111/cpr.12570
http://dx.doi.org/10.1016/j.actbio.2019.12.020
http://dx.doi.org/10.1016/j.actbio.2019.12.020
http://dx.doi.org/10.3390/ijms20133256
http://dx.doi.org/10.1111/cpr.12669
http://dx.doi.org/10.1021/acsami.7b17620
http://dx.doi.org/10.3389/fphys.2019.00512
http://dx.doi.org/10.3389/fphys.2019.00512
http://dx.doi.org/10.3390/biom8040167
http://dx.doi.org/10.1038/srep45622
http://dx.doi.org/10.1016/j.biomaterials.2019.119571
http://dx.doi.org/10.1002/cbin.10869
http://dx.doi.org/10.1002/cbin.10869
http://dx.doi.org/10.1371/journal.pone.0193059
http://dx.doi.org/10.1089/ten.tea.2016.0548
http://dx.doi.org/10.1083/jcb.200401138
http://dx.doi.org/10.1186/s13287-016-0391-3
http://dx.doi.org/10.1002/sctm.18-0199
http://dx.doi.org/10.1038/s41598-017-15376-8
http://dx.doi.org/10.1039/c7nr00352h
http://dx.doi.org/10.1042/BCJ20180675
http://dx.doi.org/10.1186/s13287-018-1004-0
http://dx.doi.org/10.1186/s13287-018-1004-0
http://dx.doi.org/10.7150/thno.17133
http://dx.doi.org/10.1016/j.biomaterials.2017.11.028
http://dx.doi.org/10.1186/s13287-017-0510-9
http://dx.doi.org/10.1155/2017/7197598
http://dx.doi.org/10.1155/2017/7197598
http://dx.doi.org/10.7150/thno.20746
http://dx.doi.org/10.1016/j.biomaterials.2019.03.022
http://dx.doi.org/10.1016/j.biomaterials.2019.02.006
http://dx.doi.org/10.1016/j.jcyt.2017.09.012
http://dx.doi.org/10.1016/j.actbio.2019.03.021
http://dx.doi.org/10.1111/cpr.12570
http://dx.doi.org/10.1016/j.actbio.2019.12.020
http://dx.doi.org/10.1016/j.actbio.2019.12.020
http://dx.doi.org/10.3390/ijms20133256
http://dx.doi.org/10.1111/cpr.12669
http://dx.doi.org/10.1021/acsami.7b17620
http://dx.doi.org/10.3389/fphys.2019.00512
http://dx.doi.org/10.3389/fphys.2019.00512
http://dx.doi.org/10.3390/biom8040167
http://dx.doi.org/10.1038/srep45622
http://dx.doi.org/10.1016/j.biomaterials.2019.119571
http://dx.doi.org/10.1002/cbin.10869
http://dx.doi.org/10.1002/cbin.10869
http://dx.doi.org/10.1371/journal.pone.0193059
http://dx.doi.org/10.1089/ten.tea.2016.0548
http://dx.doi.org/10.1083/jcb.200401138
http://dx.doi.org/10.1186/s13287-016-0391-3
http://dx.doi.org/10.1002/sctm.18-0199

386 PR 2E 24 (R 22 ) 55 52%:
[44] GONG M, YU B, WANG J, et al. Mesenchymal stem cells release [59] sHI Q, QIAN Z, LIU D, et al. GMSC-derived exosomes combined with
exosomes that transfer miRNAs to endothelial cells and promote a chitosan/silk hydrogel sponge accelerates wound healing in a diabetic
angiogenesis. Oncotarget, 2017, 8(28): 45200-45212. rat skin defect model. Front Physiol, 2017, 8: 904[2021-04-18].

[45] WANGN, CHEN C, YANG D, et al. Mesenchymal stem cells-derived https://doi.org/10.3389/fphys.2017.00904.
extracellular vesicles, via miR-210, improve infarcted cardiac function by [60] KWON B K, STREIJGER F, FALLAH N, et al. Cerebrospinal fluid
promotion of angiogenesis. Biochim Biophys Acta-Mol Basis Dis, 2017, biomarkers to stratify injury severity and predict outcome in human
1863(8): 2085-2092. traumatic spinal cord injury. ] Neurotrauma, 2017, 34(3): 567-580.

[46] ZHANG B, WU X, ZHANG X, ef al. Human umbilical cord [61] ROMANELLI P, BIELER L, SCHARLER C, et al. Extracellular vesicles
mesenchymal stem cell exosomes enhance angiogenesis through the can deliver anti-inflammatory and anti-scarring activities of mesenchymal
‘Wnt4/beta-Catenin pathway. Stem Cells Transl Med, 2015, 4(5): 513-522. stromal cells after spinal cord Injury. Front Neurol, 2019, 10: 1225[2021-

[47] SEN C K. Human wounds and its burden: an updated compendium of 04-18]. https://doi.org/10.3389/fneur.2019.01225.
estimates. Adv Wound Care, 2019, 8(2): 39-48. [62] ZENDEDEL A, MOENNINK F, HASSANZADEH G, et al. Estrogen

[48] FERREIRA A D F, GOMES D A. Stem cell extracellular vesicles in skin attenuates local inflammasome expression and activation after spinal cord
repair. Bioengineering, 2018, 6(1): 4[2021-04-18]. https://doi.org/10. injury. Mol Neurobiol, 2018, 55(2): 1364-1375.
3390/bioengineering6010004. [63] JIANG W, HUANG Y, HAN N, ef al. Quercetin suppresses NLRP3

[49] SILACHEV DN, GORYUNOV KV, SHPILYUK M A, et al. Effect of inflammasome activation and attenuates histopathology in a rat model of
MSCs and MSC-derived extracellular vesicles on human blood spinal cord injury. Spinal Cord, 2016, 54(8): 592-596.
coagulation. Cells, 2019, 8(3): 258[2021-04-18]. https://doi.org/10. [64] ZHOU K, SHIL, WANG Y, et al. Recent advances of the NLRP3
3390/cells8030258. inflammasome in central nervous system disorders. ] Immunol Res,

[50] KRZYSZCZYK P, SCHLOSS R, PALMER A, et al. The role of 2016, 2016: 9238290[2021-04-18]. https://doi.org/10.1155/2016/9238290.
macrophages in acute and chronic wound healing and interventions to [65] JIANG W, HUANG Y, HEF, et al. Dopamine D1 receptor agonist A-
promote pro-wound healing phenotypes. Front Physiol, 2018, 9: 68930 inhibits NLRP3 inflammasome activation, controls inflammation,
419(2021-04-18]. https://doi.org/10.3389/fphys.2018.00419. and alleviates histopathology in a rat model of spinal cord injury. Spine,

[51] LOSICCO C, REVERBERI D, BALBIC, et al. Mesenchymal stem cell- 2016, 41(6): E330-E334.
derived extracellular vesicles as mediators of anti-inflammatory effects: [66] HUANGJH, FUCH, XUY, et al. Extracellular vesicles derived from
endorsement of macrophage polarization. Stem Cells Transl Med, 2017, epidural fat-mesenchymal stem cells attenuate NLRP3 inflammasome
6(3): 1018-1028. activation and improve functional recovery after spinal cord injury.

[52] LIPSKY PE. Systemic lupus erythematosus: an autoimmune disease of B Neurochem Res, 2020, 45(4): 760-771.
cell hyperactivity. Nat Immunol, 2001, 2(9): 764-766. [67] SUNG, LI G, LID, etal. hucMSC derived exosomes promote

[53] NOSBAUM A, PREVEL N, TRUONG H A, et al. Cutting edge: functional recovery in spinal cord injury mice via attenuating
regulatory T cells facilitate cutaneous wound healing. ] Immunol, 2016, inflammation. Mater Sci Eng C Mater Biol Appl, 2018, 89: 194-204.
196(5): 2010-2014. [68] LANKFORD K L, ARROYO E J, NAZIMEK K, et al. Intravenously

[54] WANGL, HU L, ZHOU X, et al. Exosomes secreted by human adipose delivered mesenchymal stem cell-derived exosomes target M2-type
mesenchymal stem cells promote scarless cutaneous repair by regulating macrophages in the injured spinal cord. PLoS One, 2018, 13(1):
extracellular matrix remodelling. Sci Rep, 2017, 7(1): 13321[2021-04-18]. €0190358[2021-04-18]. https://doi.org/10.1371/journal.pone.0190358.
https://doi.org/10.1038/541598-017-12919-x. [69] FILARDO G, DI MATTEO B, KON E, et al. Platelet-rich plasma in

[55] WANGX, JIAOY, PAN'Y, et al. Fetal dermal mesenchymal stem cell- tendon-related disorders: results and indications. Knee Surg Sports
derived exosomes accelerate cutaneous wound healing by activating notch Traumatol Arthrosc, 2018, 26(7): 1984-1999.
signaling. Stem Cells Int, 2019, 2019: 2402916[2021-04-18]. [70] YUH, CHENG J, SHIW, et al. Bone marrow mesenchymal stem cell-
https://doi.org/10.1155/2019/2402916. derived exosomes promote tendon regeneration by facilitating the

[56] SHABBIR A, COX A, RODRIGUEZ-MENOCALL, et al. Mesenchymal proliferation and migration of endogenous tendon stem/progenitor cells.
stem cell exosomes induce proliferation and migration of normal and Acta Biomater, 2020, 106: 328-341.
chronic wound fibroblasts, and enhance angiogenesis in vitro. Stem Cells [71] WANGC, HUQ, SONG W, et al. Adipose stem cell-derived exosomes
Dev, 2015, 24(14): 1635-1647. decrease fatty infiltration and enhance rotator cuff healing in a rabbit

[57] ZHANG B, WANG M, GONG A, et al. HucMSC-exosome mediated- model of chronic tears. Am ] Sports Med, 2020, 48(6): 1456-1464.

[72] SHIZ, WANG Q, JIANG D. Extracellular vesicles from bone marrow-

[58]

Wnt4 signaling is required for cutaneous wound healing. Stem Cells,
2015, 33(7): 2158-2168.

KIM S, LEE SK, KIM H, et al. Exosomes secreted from induced
pluripotent stem cell-derived mesenchymal stem cells accelerate skin cell
proliferation. Int ] Mol Sci, 2018, 19(10): 3119[2021-04-18]. https://doi.org/
10.3390/ijms19103119.

derived multipotent mesenchymal stromal cells regulate inflammation
and enhance tendon healing. ] Transl Med, 2019, 17(1): 211[2021-04-18].
https://doi.org/10.1186/s12967-019-1960-x.

(2021 - 02 — 245k, 2021 — 04 - 20f&[])

Hist Wi


http://dx.doi.org/10.18632/oncotarget.16778
http://dx.doi.org/10.1016/j.bbadis.2017.02.023
http://dx.doi.org/10.5966/sctm.2014-0267
http://dx.doi.org/10.1089/wound.2019.0946
http://dx.doi.org/10.3390/bioengineering6010004
http://dx.doi.org/10.3390/cells8030258
http://dx.doi.org/10.3389/fphys.2018.00419
http://dx.doi.org/10.1002/sctm.16-0363
http://dx.doi.org/10.1038/ni0901-764
http://dx.doi.org/10.4049/jimmunol.1502139
http://dx.doi.org/10.1038/s41598-017-12919-x
http://dx.doi.org/10.1155/2019/2402916
http://dx.doi.org/10.1089/scd.2014.0316
http://dx.doi.org/10.1089/scd.2014.0316
http://dx.doi.org/10.1002/stem.1771
http://dx.doi.org/10.3390/ijms19103119
http://dx.doi.org/10.3389/fphys.2017.00904
http://dx.doi.org/10.1089/neu.2016.4435
http://dx.doi.org/10.3389/fneur.2019.01225
http://dx.doi.org/10.1007/s12035-017-0400-2
http://dx.doi.org/10.1038/sc.2015.227
http://dx.doi.org/10.1155/2016/9238290
http://dx.doi.org/10.1097/BRS.0000000000001287
http://dx.doi.org/10.1007/s11064-019-02950-x
http://dx.doi.org/10.1016/j.msec.2018.04.006
http://dx.doi.org/10.1371/journal.pone.0190358
http://dx.doi.org/10.1007/s00167-016-4261-4
http://dx.doi.org/10.1007/s00167-016-4261-4
http://dx.doi.org/10.1016/j.actbio.2020.01.051
http://dx.doi.org/10.1177/0363546520908847
http://dx.doi.org/10.1186/s12967-019-1960-x
http://dx.doi.org/10.18632/oncotarget.16778
http://dx.doi.org/10.1016/j.bbadis.2017.02.023
http://dx.doi.org/10.5966/sctm.2014-0267
http://dx.doi.org/10.1089/wound.2019.0946
http://dx.doi.org/10.3390/bioengineering6010004
http://dx.doi.org/10.3390/cells8030258
http://dx.doi.org/10.3389/fphys.2018.00419
http://dx.doi.org/10.1002/sctm.16-0363
http://dx.doi.org/10.1038/ni0901-764
http://dx.doi.org/10.4049/jimmunol.1502139
http://dx.doi.org/10.1038/s41598-017-12919-x
http://dx.doi.org/10.1155/2019/2402916
http://dx.doi.org/10.1089/scd.2014.0316
http://dx.doi.org/10.1089/scd.2014.0316
http://dx.doi.org/10.1002/stem.1771
http://dx.doi.org/10.3390/ijms19103119
http://dx.doi.org/10.3389/fphys.2017.00904
http://dx.doi.org/10.1089/neu.2016.4435
http://dx.doi.org/10.3389/fneur.2019.01225
http://dx.doi.org/10.1007/s12035-017-0400-2
http://dx.doi.org/10.1038/sc.2015.227
http://dx.doi.org/10.1155/2016/9238290
http://dx.doi.org/10.1097/BRS.0000000000001287
http://dx.doi.org/10.1007/s11064-019-02950-x
http://dx.doi.org/10.1016/j.msec.2018.04.006
http://dx.doi.org/10.1371/journal.pone.0190358
http://dx.doi.org/10.1007/s00167-016-4261-4
http://dx.doi.org/10.1007/s00167-016-4261-4
http://dx.doi.org/10.1016/j.actbio.2020.01.051
http://dx.doi.org/10.1177/0363546520908847
http://dx.doi.org/10.1186/s12967-019-1960-x
http://dx.doi.org/10.18632/oncotarget.16778
http://dx.doi.org/10.1016/j.bbadis.2017.02.023
http://dx.doi.org/10.5966/sctm.2014-0267
http://dx.doi.org/10.1089/wound.2019.0946
http://dx.doi.org/10.3390/bioengineering6010004
http://dx.doi.org/10.3390/cells8030258
http://dx.doi.org/10.3389/fphys.2018.00419
http://dx.doi.org/10.1002/sctm.16-0363
http://dx.doi.org/10.1038/ni0901-764
http://dx.doi.org/10.4049/jimmunol.1502139
http://dx.doi.org/10.1038/s41598-017-12919-x
http://dx.doi.org/10.1155/2019/2402916
http://dx.doi.org/10.1089/scd.2014.0316
http://dx.doi.org/10.1089/scd.2014.0316
http://dx.doi.org/10.1002/stem.1771
http://dx.doi.org/10.3390/ijms19103119
http://dx.doi.org/10.18632/oncotarget.16778
http://dx.doi.org/10.1016/j.bbadis.2017.02.023
http://dx.doi.org/10.5966/sctm.2014-0267
http://dx.doi.org/10.1089/wound.2019.0946
http://dx.doi.org/10.3390/bioengineering6010004
http://dx.doi.org/10.3390/cells8030258
http://dx.doi.org/10.3389/fphys.2018.00419
http://dx.doi.org/10.1002/sctm.16-0363
http://dx.doi.org/10.1038/ni0901-764
http://dx.doi.org/10.4049/jimmunol.1502139
http://dx.doi.org/10.1038/s41598-017-12919-x
http://dx.doi.org/10.1155/2019/2402916
http://dx.doi.org/10.1089/scd.2014.0316
http://dx.doi.org/10.1089/scd.2014.0316
http://dx.doi.org/10.1002/stem.1771
http://dx.doi.org/10.3390/ijms19103119
http://dx.doi.org/10.3389/fphys.2017.00904
http://dx.doi.org/10.1089/neu.2016.4435
http://dx.doi.org/10.3389/fneur.2019.01225
http://dx.doi.org/10.1007/s12035-017-0400-2
http://dx.doi.org/10.1038/sc.2015.227
http://dx.doi.org/10.1155/2016/9238290
http://dx.doi.org/10.1097/BRS.0000000000001287
http://dx.doi.org/10.1007/s11064-019-02950-x
http://dx.doi.org/10.1016/j.msec.2018.04.006
http://dx.doi.org/10.1371/journal.pone.0190358
http://dx.doi.org/10.1007/s00167-016-4261-4
http://dx.doi.org/10.1007/s00167-016-4261-4
http://dx.doi.org/10.1016/j.actbio.2020.01.051
http://dx.doi.org/10.1177/0363546520908847
http://dx.doi.org/10.1186/s12967-019-1960-x
http://dx.doi.org/10.3389/fphys.2017.00904
http://dx.doi.org/10.1089/neu.2016.4435
http://dx.doi.org/10.3389/fneur.2019.01225
http://dx.doi.org/10.1007/s12035-017-0400-2
http://dx.doi.org/10.1038/sc.2015.227
http://dx.doi.org/10.1155/2016/9238290
http://dx.doi.org/10.1097/BRS.0000000000001287
http://dx.doi.org/10.1007/s11064-019-02950-x
http://dx.doi.org/10.1016/j.msec.2018.04.006
http://dx.doi.org/10.1371/journal.pone.0190358
http://dx.doi.org/10.1007/s00167-016-4261-4
http://dx.doi.org/10.1007/s00167-016-4261-4
http://dx.doi.org/10.1016/j.actbio.2020.01.051
http://dx.doi.org/10.1177/0363546520908847
http://dx.doi.org/10.1186/s12967-019-1960-x

	1 MSC-EXO在软骨再生中的作用
	2 MSC-EXO在骨再生中的作用
	3 MSC-EXO在皮肤再生中的作用
	4 MSC-EXO在脊髓损伤修复中的作用
	5 MSC-EXO在肌腱损伤修复中的作用
	6 挑战和展望

