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Abstract

BACKGROUND: Clarifying the synthesis and regulation of exosomes derived from mesenchymal stem cells is of great significance to the research and

application of exosomes in the future.

OBJECTIVE: To summarize the biological characteristics in exosomes derived from different mesenchymal stem cells and the role of these exosomes in the
immune regulation, which hopes to find new breakthroughs in the study of exosomes in the future and provide ideas for cell-free therapy.

METHODS: The articles were searched on PubMed, CNKI and Wanfang using the keywords of “stem cells, mesenchymal stem cells, exosomes,
immunomodulation, inflammatory mediator, biological characteristics of exosomes, biological characteristics of mesenchymal stem cells, regeneration” in

Chinese and English. Finally, 105 articles were included for review.

RESULTS AND CONCLUSION: Mesenchymal stem cells are a type of pluripotent stem cells that exist widely in various tissues of the body. Mesenchymal stem
cells not only have stem cell characteristics, but also play an important role in the immunosuppressive properties. Mesenchymal stem cells had been clinically
applied for the treatment of many diseases. Therefore, mesenchymal stem cells were used to manage novel coronavirus pneumonia, and had ideal treatment
effect. Exosomes are endosome-derived nanometer-scale vesicles (40—200 nm in diameter). Exosomes derived from mesenchymal stem cells have the same
immune regulation function as its maternal cells, including that carrying immunosuppressive factors, promoting macrophages polarization into M2 type,
preventing differentiation of pro-inflammatory T cell subsets and inhibiting antigen presentation.

Key words: stem cells; mesenchymal stem cells; exosmes; immunoregulation; biological characteristics; review
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0 5|= Introduction

Fompe sy kR R A RGN EETFR, PR ART
e T tm iR is 7 W B F am e, AR AR R T ek
B REH R REREA RS RNE, RS f R Ak
E, BABMHE QR RMEHEF, AMIEALERAER Y
AR Fmpeh T A BAEDGIN, T2RELEEERD, B
2K IER L, AR BB 09 & A . o8 IR IL & ALY 1)
FOR T e £ i@ a3 K JERRL . IR S LA YA BRI
Lm0 38 S AF ) kAR SR, ARBE SRS E D, A, A2,
MUK B RS STHN GG 10 AR T et 2 2@ A RET .
KR BARBEAR S fm o B A AR R BATIS Bos Y. M AR T
m o EAS AR IR LR AIT M BRI ARG JT KB L IRAF T
BEXHE®, MAE AT @A RN, RIVEANRA
8 18) FLR T oK B i MR, 2T R R E AER AL
vfy, #X IR T AR ik R AR E F AR R 09H SR,

IR BRAR RN AR T R AR b AR R 6 £ ik 12
Z— I ARAR 5ER mie AR e R, AFERR L EA TR
DNA. miRNA %, X b4 dy /R =T vAB i3 18] 707 T fm feed 5 o ik
5 e tm e i T K AEAE A B SRIIRIR T ST AR A R A 25 4 EAk
S, AR ITAEAR A K AR FJR T an A i 5% R 1) B R Ak ), it
st EvEanfit, NK 2aovh B T safeiflds, RAE T B85 1EH.
B R ARKRA S G AT R A, TR IR 64 S st B — R SR 49
Ve B 2R TR £ B AR R A A S SR LY B B A R o
—RRBRmMEFIL T £, ZRRR AR T me kR ok
Rkt mRNA £ 5, A T EAFH 8K 337 18 208 T w f ok
BN LARR I, Z X F R R E IR E AT el Boh
BRGNS L SR 6 R 4 VR R A BT G W R R AT 4%
#,

1 ZJEF1753E Data and methods

1.1 BRIFKE % — 1% F 2020 % 3-12 A f£ PubMed %
YR, 7 B B BCCNKI B B F) A ISR E # & 1980
22020 F 12 A a9 48 X LK, & XA K A “stem cell,
mesenchymal stem cells, exosmes, immunomodulation,
inflammatory mediator, biological characteristics of exosomes,
biological characteristics of mesenchymal stem cells,
regeneration” , ¥ XA &3 Ah “F e, 18 AR T mie, Shisik,
SR, KWE T, ShbRAEDFHN, AR T@eLY
FHEM, BAE” O EIRER: ZRMEX FRBELA
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1.2 NEMVE ARIBELFZH A B ihik, @itk Hais
BRI R A Lk, HERAFR A 55 s izt T X 4 LK.

1.3 HIBREN @ Lkl S B2 T mF Gk, BN
AEERE LR, ALK, KR Z L dk, RAHAITRK
105 Batfrezik, JLE 1.

TR 22T K 2 PubMed. J377 Fll CNKI
Bl g, AR BISCHR 6 035

ERRESE . PRIDSCHR S SRR
AR BEEA AR 5 879 1

v

IRIEAIN L HERRBRHETT L Sk 156 F5

Y

LR S H 105 R SCHRIEAT 4518

1 | Ak THE R AR E

2 Z58 Results
2.1 EFRETFEE Fant—LEh fREHF % o kidhate
mit, E—ZA5HT, ©TASMULRARR IR Ee mit, RIEL
B2 09 K 8 LT 4 4 W6 T o fe AR T i, ARIBHL X FH
BT oA 3k AT mit. % T @ttt Tmp’,
F LR F b oA R /A 8 RS LB e m e,
L ATE T dm B e AR ) % LT 18] AR T dm B

AT iR AR T i, RRFT, oW SZ,
JURE LR R LLRA B R, . BEE. B E. M AR T
M AA S e o fe LR R AR, @i H i KER
Bl 69 R as /8 R MO AR A R T e e S Rk 1A AR T e
Mo 2 F) 4% 98 4% 4o Thy-1. CD90. CD73 %, R~ % ik HLA-DR.
VWF o o /s 45— 19 & 48 it 5 B 5 F PECAM-1(CD31) & ™,
ARG A 18] TR T m B R R CGK ) R T e 3k B AR A 4P AE 4%
R KPR RS T m AT T4, 4o Tra-1-60. Tra-1-81. SSEA-1.
SSEA-4 25 W0 oK Sk R 1) AR T e i 0 BE 6 T tm e AR &
Oct-4 2 [a M & & P2 A F %% 19 A F 49 b £ i STRO-1,
% CDI0 W] A At P, R Lk EWG TR AR T @it
AFL A R KA AR, 42 & & & CD73. CD90. CD105 o
HLA-ABC %, # CD14. CD34. CD45. HLA-DR. VWF % % /&
FOE R R ik 2 17 20 B2 m oo 004 5 22 A F 2006 4
AT E LR AR FafedR b X R AR A & &L CD73, CD9YO
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#= CD105, M I~ % ik CD14. CD34. CD45 #= HLA-DR®?, 4~ 4K (endosomal sorting complex required for transport, ESCRT)

AR B T8 R T fm B PR M R OSK 1) LR T e e AR & 4 CD9O,
% CD31 R A B P, ARE B M AR T 0 I8 AR 0 4 CD13 A
HLA-1. HLA-ABC 4 34 4 [ & & ik, CD10 3 [ & ik @ 29
LT F AR RRE AR T @iy S r, —BOAR TR TX
& 8947/ % CD90. CD105. CD73. STRO-1. CD146 % iA [A 14,
CD14. CD34. CD45 #= HLA-DR A ™. RE | i T @it
FoAEMIEILE 1,

1 | RREIRIRE TR TR SIRE S

Fei B R Bt EA
JiFF 78 i CD90. CD29. CD44. CD105, CD14, CD34, CD45, CD31,
i) CD73. CD166. CD106, CD56. CD19. CD133. CD33. CD38.
CD117., CD10, CD13, CK. HLA- CD79. HLA-1. VWF
1, HLA-2
LA #E BT CD105. CD29. CD44. CD90. CD34., CD45. HLA-DR
2 fifu CD73. MHET4HAric s (Tra-1-
60 %5 )
2£KkJEIA %8 CD90. CD105. CD73. CD166. CD117. CD10. CD62. CD45.
T4 HLA-ABC. CD44, CD29, CD71, (D34, CD14, CD31, CD106.
Oct-4 CD120. EMA
NF A 76/ CD146, CD117. CD29, CD44, CD10. CD14, CD34. CDA45.
F4lff CD166. CD184, CD73, CD90,  HLA-DR., STRO-1
CD105. HLA-DR. STRO-1
HH#EN AT CD10. CD13. CD29. CD166. CD14. CD34, CD45. CD133.
2N CD105. CD73. CD44, CD90, CD31, CD33., CD38. CD79.
CD120, CD124, CD71. HLA-ABC HLA-DR. VWF
AN FHiHIRFE  CD90. CD105. STRO-1 CD31. CD34. CD45
T4
fgWilal 78 i+ CD13. CD166., CD73. CD29. CD10. CD14, CD34, CD24.
i) CD44, CD90. CD105. HLA-1,  CD117. CD31. CD45. HLA-DR

HLA-ABC

B R ampe et R B4 S 4, SRR A LR T amied R

TP BIVE R R A B RE . B R T T & ol T 4w e B 4y
o m AR T VA B A ) K IE RO, XA IR AR T T B R — sk
BIRET T RIEETBAER PO, A TR A AT L9087 F,
8] 7R T m R A S AR AL R 5 A, Rl adat 0 A 48
PR e e B FRBR LA B, 2R, | AR T @it
H S oAeidbt, AAEN RGO, AMEGE B LR ER
) Hf o 2 ELRGFe: 008 64 18] SR T dm ik R ootk £, AR A
RIB AR T mfe AR S AR .
2.2 SNMABNERE DI miast Ea R mie 2 H B R B
RBEEBAL, TURBLRE, K INEADFHFESH3
Z: SPhabAR (40-200 nm). f% 58 (100-1 000 nm) #= 8 = s 4R
(1 000-3 000 nm). i@ 1 JL T AL T8 64 J ok B 50, 4 oh itk A
MER, PRARAZNREAGARE D, & Tt Ensr
F iR ER—, 2014 BRI EAA (ISEV) £ AT sk &
BB RAATAE, F—AAREZR G BAERA mIIRAR,
SRR SRR T o B bR LRBA AR A7
& @ 4= CD9. CD63. CD81. Alix. TSG101 %, JeLsh& 6 H 12:@
/£ 50-1 000 nm = 8] P& 32 sk ¥ 2 F B KA R,
Ao A B F A 40-200 nm 28] B BRI U BT e it
B ks BbAR, I8 LR T e ok o Ak 0GB ) 3 iR PO,

SRR B NIRIER A, HINE—REFTH. X
AR 84 R IR R SRAL YT VAT AR, A2AZ P ARAL TR 58 LM b AR i 7
AR A,

m e J B BB TR K AR a0 0 R 4 69 R A
W, X AR 2T TG R AR I Rk e TR B4 AR,
T iX S AE G Th AR E B S RO AL TR, ABEKRSRA

EORBAIT TR, QENBMRSELEAIR 0. AAKRSY
HEAKRT . ABKRSE AR, AAKRY R LA 4 A
TE e & G AR, WAL I MR i A= 7 AL
#3515, A—FIRFLEDE, GRASMRS R LAWK 0T
W ARG B AR 1 52 Z A0 69 35 IR 40 R T0 2 PR ) £ 4 8 804
FRbl i R3RA, FIRIESME AFETN, KoshisiRisg s
A TR 6 BT I R 8, R BARSik EAR 1L AR h 48 3R P
FEMROE, R Bk L ARIIBATH R 3 F F 472,
XHMBNBAT— RN ELE@LRN DR R E N IEN &
o, PR R AIAZ A KRB % sk Y Xk B BKREE
GTPase K7k F 49 RAB B 7 T 5 sk & vh B 5 7 X&) 4
AT SNk B, e A — 3 A AR L R A e
vt — RS AR, B NG T 5 IR IR kA T AR
M. BRR S HBARINA IR D EIBAGT R AN BRI ah
RBAER, RN AR L T WG, DA SN, X
BLAAAR P A AR B A BAR i FAREE R, 2458 2w ks
& & Rkt EE AR tetraspanins Ak i ik 80 1 R BRI
CD63. $AEAsAYZBEM . AR E & AR GTP B4 31(Rab31) #9
BT, el EAREE A To9 M e R A R, Bk,
P 9 o TR A RAR I AR ) DR ik AR 1R, HE &
ZR G ARIE T4, MR TR T A ARk ARG RIE
FARR SRk AR B 00 shin kel A bt Az LA 2,
2.3 INIMAREMSRMERIBIRER  shitth R m A 4
EaitrEd, AASHERAFE, ZaR. BR. BR
5, REAYERDREAREL LR, ABRERERA I AE.
TR R T e R RN R B E M E G RE L E R,
&, 4 Alix., TSG101. CD9. CD81. CD63. CRR2. HSP70. MHC
15 B0 S SRk A 2 A R 18] F0 T 4m it hd — 2 4%
M4oF, 4o CD29. CD44. CD73. CD90. CD105 %, FJBT& £k
TR R T m et e AR A . TR T ShbARAE W FE AR P AF L 4G
FEAIR, SPERIT'E 4 RNA Ak, MEFTE RNA 4F MR £
PR AR R . SNARE AR B BE . B ERIS fe TABAY 2 BLIE S
JI& i i B, BT A6 B IS SR o F RS SRk e T s e
AAE G T o F AL IR GME B %, ok, TRRBE. A BT,
AP 2 BRI Ao IS R S5 B RABGE Y A 5 sh bRy A PO shinik
NemBRELS ARy EERIE, LSRR EEA DNA,
MRNA #= miRNA 5. miRNA A5 mRNA 4 & B A4s, S ELF .
JEFR R A VB G IR HATA £, IR 6384 7T A sk 2 A8 it dm i
A SR ab ik KA AT, )4e miRNA 89 X%, B AR LA 4
JE83 49 miRNA A miR-146a. miR-181c. miR-375. miR-357 & B2,
A AS Bad f2 4 B K RO 49 A miR-21. miR-146a A=
miR-181 & ®¥, 42 miR-21. miR-146a 7] VA id it 8 4= 4 B F «B
2t d K E R E P, SRR ok R Sh ik AR BT A miRNA 4 R
AR, 8] R T fm Be kR Sk sk Ak F 'F 4 miR-486-5p.
miR-10a-5p. miR-10b-5p. miR-191-5p = miR-222-3p, o5 441 %,
Ji T e R Sl kAR miR-143-3p. miR-10b-5p. miR-486-5p.
miR-22-3p. miR-21-5p 49 & E AR 48 %, WFEK2. A4, sk
RALAA V& 84 & k4K DNA(MtDNA). piRNA. IncRNA. rRNA.
SNRNA. snoRNA 7= tRNA 5 B9 [ £ A 50 6 IF N, 3K S 4% B 04
) R RAR R AT B

[ & 18] 70 T sa AR Ve SR8 97 89R ATF &, 18] FL)R T fmpe =T
BeA T A mAR R . FR G EMBE REb E B BRI
JoRARR LB KA FE R, AR E AT @it isssidhILTF&
KB AR R AR R RS L fe AR A W L L 18] AR T e e
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Hier

%2 | FRIEFERTFEBaRREIN AT microRNA RikEF B

A ‘i/////////"_ \\‘\\ 2

SMBMARIR RIS

IR 7
4

miR-181c. miR-872, miR-636. miR-30d-5p. miR-628-5p. miR-
518f, miR-let-7c, miR-199a-3p. miR-454, miR-451, miR-302a.
miR-374-5p, miR-223, miR-302c, miR-214, miR-142-3p. miR-
184, miR-150, miR-146b, miR-126, miR-139-5p. miR-146a.
miR-133b. miR-122, miR-22, miR-509-5p. miR-885p. miR-
301la. miR-21

miR-125a-3p. miR-223, miR-564. miR-145. miR-142-3p. miR-
486. miR-199b, miR-218, miR-148a. miR-135b, miR-221,
miR-196a. miR-148b-3p. let-7a, miR-375. miR-451, miR-485-
3p. miR-495, miR-548c-3p. miR-561, miR-886-3p. miR-21.
miR-133b, miR-630. miR-1, 202, miR-1, 207-5p. miR-33b,
miR-k12-3, miR-1, 268, miR-638. miR-575., miR-1, 225-5p.
miR-4732-5p, miR-143-3p, miR-1249-5p, miR-1246, miR-4741
miR-21. miR-23a. miR-125b, miR-145. miR-146a. let-7b. let-
7f. let-7c. miR-181, miR-199a. miR-221. miR-345-3p. miR-
3198, miR-3912, miR-4638. miR-4709. miR-6715a. miR-4664-
3p. miR-4709-5p. miR-6715a-3p. mIiR-4664-3p. miR-937-3p.
miR-1193, miR-3148, miR-4745-5p, miR-5699-3p. miR-642a-
3p. miR-6875-5p

BT
o)

JBiF i ) 7 T
gl

Sk B AL AR S L gm B B AT B4R AE R B, S B AGARRF
ALK I R AR T m ek Lk S B R AR T e e LA AR

FIAER, TToAdE 2540 kb B4R 40 IR sk, m LS R b
o B A SRR R AR T AR BN B RS, R Bk R AR
W, AR mieE S s B e st R T B AL ( R A
MR bk ) KIET EO SRR T, ik gk BiE, 4h
SEARTT B8] AR T R 5 09 ZBANIR, B EIAH SR bR 64
F2AE ) T 48 2 RNA( #hik 4R 45 3 49 microRNA 3, mRNA) /5,
FIHA REIA A RINR T B8 e94E A 10 %, B ik M %
B SAKIE L T 18] Ut R R A AR B 5 18] F 7 T 4m e AR A
WAV (LB AR A T RS 4 4R L TA T AR AR R 5 ),
%maﬁ%mmﬁm SRR e sE A, HAEET AL 205
FEME, WGRER B A, #2657 HGE B% Y,

2.4 IEH?EE:FQBHEEE/J?SJIVMWE'JVEEH 18 FLJR T tm f et A 32 AR R
EBARMT I bR 8 5 ik i 42, 18 BB T tm B i A Ak A
¢%¢¢%gLawﬁgﬁi%%moMEﬁ%mm%ﬁﬂd
%EH%%%%'@%%wﬁﬂﬁ%Wﬁﬂﬂ%% #,
HEREGENE T 5 FHTE 4T, BAHE T ﬁg\x}\r?ﬁzvi’ffﬁ
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i

iR R Pk 402 P9 A3 I TRl 5 T
A A, S AR el O
I BN BEIAZ AR, T B 30
1% A I P9 A T AL i A
AR 2R, 2K
55 B Rl B RO A, 53—
RN RS T B R, R R
lj\]%)’?‘i (30, 34-35, 38, 40-47, 49]

B 2 | WARSNLEE A B

S?MMF

AR @18 AR T R IR I R S AT R F . A K E T
AR FE WA B R T i B & 75 2 69 miRNAs, B shikik 548
JL ¥R L Bk G, Sh AR A AR, VASRAT Z R R AT
Z5RF; @R VB SR A 1E 5 0 FAER T aie
JE R ) L ARE AR e
241 xFEA RIEEIATER

(1) 2P B gm ey B F: Bt h emmit, EEA %
B EEMEETEZNGER, 2B RRAE I m R A
M. FRIRE. NFHAELE Bt FRMREETF
Evdtm o BA 2 KR T3 T3R5 5, 5%
ZPE (ML R ) e R E L E v fm il (M2 B ), Efmit e
FIRE 7 Fl8 S AEF KR FRIL T AR A ML A B ok dm fie,
Fhea@mpiNE (amiiE Ll amiNte). F3R
— AR BES AN KR T AL Mt ES 1. CCA
B 2-4 5B F, A5 KER A A Thl e e %k 4, &
A KMRAF A Thl mpeeg g =4, THHE & LI KR
KA, demioBFREGEAIE, M2 A E v 4 o il 18 B0 A
BREE 1. FIZZ1. YM-1, @ @meA& 4. G@leih% 10Ff 8 @
JonEk BEEARATEFERE G L TR PREER., M2
A B o m Ll A A T P A A B AR E R e
T A RAMKGNR, oA KA F B E ARAKE T4
A EAKRTFEFRGELEGHR., Fot, M2A B fm it iRk £
FTh2 ety Aa £ hat, B sERA FRAT MY/M2 & B o dm
ML B AR A A A R A E & O L E AR F e de E
o LA 3 AR AT, A) SR T am e ik Sh b AR ) E A dm LA AL
B o gm R A AR IR Y, 18] AR T B R R ST Ak £ B AT
TR FEAT B et AT AT O miRNA 69 4E A . 508 AR
T ez Bl RIKAT, ShakAR ) miRNA 69 R XA K 4 B & T4k,
B v 4w 0 B S SR B, ARk AR miRNA ¥eé) 38 48 5 mRNA,
Jt 3t B & 4m 0 44 AR AL 3 4798 4%, 4o miR-146a i 4% ¥ I )
IRAK1. TRAF6. IRF5, miR-223 i 4% ¥& & & Pknox1, miR-let-7c
A 4= $2 3L B C/EBP-6, miR-30d-5p 7445 ¥2 3k B Beclin-1. Atg5,
miR-451 4% ek I I 93 3R 0 B F VA BB 7 fa it #5446 B T,
miR-181c 47 4| Toll #f % /& ¥&.1%5) TLR4. NF-kB S 12 3 M2 & E »
i A Ay 7 70 @at CC AL F & AR 2 (CCR2) 49

,L/\
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miaN£ 6. MBI AF a. G @i Z 1B F ) KA,
BV AR KRB FEGAR UY. @R ST an ek R SR kAR
3t Toll #5409 35 FAE A . % B o fm IO 4R IR 9] 70 T tm e sk R
SRR G, i AT SRR B Toll A£ % 4R 3 5% E £ 40 i, myd8s
RHAE TR E 0 H M2 B tm e, U, s ik Ak A% % B ERAL
IETHEFREIYEESS, T TEFAERILEFEE3 S
M REABE 1 BT 4Ea, W REARE 1 &£ M2 A B v 48 it 64
Rk, B ARAR TR, HEBEHE1ZHERAG M2 A E %
Mok ik —Fh B RER BB, B R LB kiR B, bl
Bk EA — AR, #matasis ZAas 7R > o
@R T T tm e R sP bkt tm i B F o983, 18 LR T ta e
SRS BRI AR Y FOH B T A AL A B T 4o CXC A2k B F Btk
10. A tafeAsibEE 1. CXC #ALE FhAk 9. & @ Batl Ry
FEF1LEFRFHRE. R, AR @50 %R RET
VAT A ML A B o dm o, K 15 5 89 RGA, 4o CCALILIE FBeik 5.
MBFRAETF o FFE—ALREHE. amii)iefam
JaiE 12 %, iR M2 & B gnindn 04 B F 04 Rk dekh BB
B 1. @i~k 130 @£ 10, Fizzi. Ym-1 5 7,

Q) aRFH@L AT ARFH@REHETEY
HE AL B LR, RMLERIE. kA e IR
PIHKX, FLERAEFHTAALRBERA LAY LEM
B KA, RERA . X emitttER. R AR, 1
TR T tm BN b AR s B AR A AR 4m iR 6% 38 SR A R AE R
RAREBOE T 8 R F w58 LR e R N AR
$rEwl, AR R ARI G @R @mAEMREA, B
mdrhl BRI mle L RETHEHEI/L, REWHT A
RAG e FE i R IR, (2 RATFENG B R F A mILEA
Ve T8 AR T fm Rk R A ik Ak B B RGA TSPL( R G %
WA KEFBMFEN) A KR T B ARIALK, #
REIAR K IR G TSPL 4 & /5 fE 91 b Ak & & oA 7 M XK,
KB E LA KB T B, @3 smad2/3 i@ 347 4] F AL T AR
NKG2D 5 NKp30 #) mRNA & ik, 4 g RX G mie &, »
45, 3% 3 ULBPS A= MICA(NKG2D Ft.ik i 7% ). PVR vA & Nectin-2
(DNAM-1 BE AR ) &9 18 7% T tm e Sk R o sk Ak a5 @ 3L T A
KREF e b b AR R GA N AT B S E AR . B ARG
A, MARF@EEET KBRS, HA- 1. I L3
1245 B RF M e R 5y iR A 8 ZUR T 4a f, 34 3| % Tk 2k 8 2L
%[75-76]’ )]—]LE 3°
2.4.2 Fjer)iE MR

(1) 2T T smpe by Rovdr: 18] Fo 5T 20 S TR 91 b AR ATk B
B F AT e sh e A4, ARA L QHTIEN, B ALK T @
JOB L SRS LR A B B m f3E T Ao R BT E
v A FIE T F ket , BskAE A ZIREARF L, HIE
TR TF R AL INR IR IR FRET, T cyclin
D2 %A S TFill, f p27kipl £k & Lifl, £ T @iti$8 £ G/G,
1, PO EGEAS M, R IR T e e AL Sl bk i vk
T m L ed aa B BRd ) T tmie R K3 AA V7, O SR T itk
AL asRst Thl fa it B Th2 fafeegifldz.

18] 705 F dm B R R AL b AR G AL A dn B FE 6 T YR 3k )
BRE, KAEHRATFALERO@IANE 290 R T, HThl
e e 3G AR B2 B, A AR A, B kIR 28R
BT fmfR P 6y Thl BB k& ta ek 2, G afeni 2 XTrA
RV T 40 RG34 Thl s R Z 38, Frod S & & 249
ok B\ AR, B RIFFARIR ARG 6 Th TERYE 7 fh 4L
EZ5 4. T @maih Thl aie sk Th2 ek K A2 E 30k F
& & 12 AR mfe e oE R A, W AR T e R ok
ARG i ~F 12, MHC TTE5F . AR o g Rk
T, HATFT@ied Th2 mfpst @ 7 0 @ A5k @
LA S R e SR D O s ) Y B S PO N
WL R AR M TRAZFIBEE 1 FF T @A T HAIRSHT
w G T A A Treg ta e, AR T 8] AR T 40 B A8 4 41 A%,
IEAT mppsgsh, HobRtiEF AT EEARYE. A%
RTERANY T @0 E @425 0T S AR ZAE A 304 T fm e
#, mAFIBEL1ITREFOHEYG T@rRAT ™., @A
Ji T m e B sh ik st Treg tu L9 te BEVE . Treg il & — £
LA J AR S he e COA'T 4o il AR, b2 T 4m e 540
B I SEANF R, RIS ZAER, SRR
A RBRFATBFEFI A LB B EEH A, HA
JR T m ik R oh kR Y AR 9D S 38 4 fm IR THP-1 e o B 3
AZ gm e Treg tafiorb, LR S s) B F R ik e g A&
10. #4bA KB F B 5, 18t Treg tu 3878, = A4 %75 37 4145 0,
ERKGEIOAT S FHEFBATERAR. FIBEL 151k
AKRFB, ZEHLAE T @it) fABRAFAD »F. BAFRL
T A AR 8 i 4 3 5% Treg 2B /it 69 Foxp3 &4, et Treg %m
R T4, B BT 47 4] Akt/mTOR 43 5 88E, 14044 T
ma ) Treg tafienil; b A K E-F B N R HF Treg e nk
MEEGHSTF; MFIBEE 1w EXRINFFTaRAT.
18] F S T m e TR AP S RS L 69 o dE R P K AR,
KRR T 18 A T 2 ek B Ak A8 7 it AR i B 4R &
G e AT % AR 0 R U2 B @) T dm e B B S Ak x
Th22 2afetg 3746 . Th22 afit. (CD3'CD4" IFN-y-IL17-1L22° T 48
J8,) R —FFH R I 4G Ak 6 CDA'T tm e AR, 12 Rk KMk A .
E NS QR NI - T R B AN Bt = X o ¥
AR A, 3 K AR KR AR, 8RR ek R bk
AR 40| Th22 e fiedg7h, T Th22 miie - & safins~% 22
K sl JLE 4.

(2) HHRAR Z 0o 1E R S R R AR AR T R IR
EAR SR G GIRA] . MR e R IR IR A RIRE
it B2 IRRE T A K Z AL MHC- 11694 R o bt 258
it a3 R B4R BN R R R L. FFRA, &L
8] FUJR F m PR R I AR R R IR T, R AR R K
4B AT VA FOA R A KR e 4R 54, R B, dk,
1) F )R F 4w B R R o asb AR AT A 38 3 P B R 22K 2 64 pr B, B
W FLBE 3R 4R 2. 18] FL S T m B ko R S s R AL B2 84 vt 5% 4 i
bamieAE b RATEIK, A KREF B RAN I, mitk
A KEF B AEEmTHRAHSFIATHT @I, AL
FERIZIHER . TR LR T ek RN bR L 22 e 4 R 4w
JoF Toll A% 4K 2. Toll B4k 4 BAZE T kB 49 mRNA &k 2
3 Hn, HAAA TR R T aa e R Pk AR T A8 198 45 Toll
AZAR - AZ B T kB ATl 557 B R e R . B m i
F 12 3R R e R AR ERER, WA LR T miit it g
i A-F 12 4913 518 3% (P38) BREAALAZ E MK, MM drhl & e
Jog~F 12 6950k, BEman IR R m e R 1S 5,

Chinese Journal of Tissue Engineering Research | Vol 26 | No.7 | March 2022 | 1097



@7 PEEATEHAR

www.CITER.com Chinese Journal of Tissue Engineering Research

3
K

A RTFME o L HEA.
;,\ﬁ»wz; 4 NF-kB. STAT.
» % 1 £ wydssifciif
'y o Hﬂgr’iﬁwﬁﬁs%ﬁﬁ%@
/V !’_4_,_,:,_7— —> k‘::\'?_" S
3y 8 ol T S
r‘ \' TR na i
‘ ’ Bz
. . e
" T
e — ¥ »
) N\
. B e 4
4 . ’* gyﬁ?ﬁdznﬁ
< JERL 0 M 48 A 28 [F) o 4 A U b
W TR R IS A 1k M2 T A -
. Argl. IL-13. IL-10 . FIZZ1. ¥M-
4 A e ) PR e T
P S e £ > VHFLR MR TR RE RN L {FH
PR s INKAAR . 4
Ff B b 57 ek R AL
1 2 G e 3] 1R A
= 4521
|, 1R
cyclinD2 Q/ pZ?kiplf[\ @ @ ;ﬂfgig]ﬁ@
% olif o
- £
& & A Paaiﬁ&ﬂ;\\, YiL12 \Loncgmg@\br 2 1\
rp A - AHATD BEET| w2, L’@\J/
-
T ’ PDL1 « pD-1, galectin-1 '—' L Tzﬁﬂ@
- ~ S b:
y * ’
a® ¥ \
A% A E 4 ¥ o/ TN 117 |, v
THERE Th17
1L-22 v @\J/

243 FAIE BAR T miekiRorbic G e min st o s Bk
TR F A KB T @R BAE T RS A E S
REJR (SIP. CIP. R BEfEERSF ), ~THp4l¥etmle . &)
FRR M. AR AR R, ERMARHRE, WL
T ek BN AR A AR A REBIAEAR A
KRR, AESNR A LA T, R BERAGSE. B4, AR
JRFmp R RN bR ARy T Sk tm iR Th, AR X Sk g i ) AR
&6 DL R AKFH M, X, EAFALREELAR T LI
HAGF 4 IE A mIR I a3 Ao, R RO R IB B F A SR A
RN %, ENZEAT AL REE S ESMIER £ B,

BT ARG EAT AR, AR AR AR EET 20,
[ & 18] 3R T 4 BB LN AR R 6938 RN, ANTR ISP ik

251

H}:] J\éﬁ'}]n k

B3t A% A miRNA AL am i la i@ AE ) . @it miRNA pextsT £ 3L,  2.5.2
RF) A F R T tm ik 0 ik k F miRNA R A TAL KR, s IRAE & —FF 298
b R E) 18 Z R T Sk R N AR 2R A £ Rt R A BT, 285 R

2.5 EFRTEEFRINMABIRBHER 18 AR T ek ik sk
R B E BT ARG AEMER, KRR R T M. 8
WERL RFRERBEAEEFA K, T 5 KRB EEREAE
W& KRR R ik, FHR B MR AT, A AR R R
UG, 18 )R T R SR A 64 S, S5 A AR B £ AR AT
R B RIVAR F o KR T A S @, B, B UR
Ftmfe kBRI AR B G IR SR . B IIE TR AR
G 85 7 61 BLAT R K 44 5L R AL

AR, £ 12 BN

1098 | PEARTIZAR | 585265 | 578 | 2022638

PyE: 8] 76 5T 40 i R A s A R S 4 [ A
%F%%WW#WWU& 5 ¢ 3 T A2 A 45
s PN B R OB AR o ] A A g 1) R
%r}m f‘EIJ [9, 27, 61-62, 64-66, 6876]° ”. 13' Eélﬂ HE A
% 13; IL-10: Eléﬁﬂﬂ’aﬁ\%':: 10; Eﬂ éEHH’FJ A ]
CCafh A FRik 2; « S PIRERT
. %Fﬁ@xﬁfilmrgl) Elﬁkfﬁé[ﬂﬂﬂ ¥ %
NKG2D Fiif4; ¢y DNAM-1 ik % J9 5 1 %6 )5
T4 B TR A AR £ £ P T A B2 AR
& 3 | 87 R FEpsREIND AR E S R

K| 7. Thl. Th2, Treg. Teff. Th17. Th22 ¥ i
T 41 U /8 p27kipl. IL-10 25 % Fh4f o B T 4% T
ST R, IL-12: A4S & 12; DC4uf: 4
SORANAE; IL-2: (4T ER 25 IL-10: (T4

# 10; TGF-B: HEALAEKET B; IL-17A: AU
AE1TA; IL-22: EAIEAE 22; PDLL: FEFME
SET R AA; PD-1: T 43R TR /7 PEAE T 52 44

galectin-1: P FLFE 2 1, cyclin D2: 40 Jiu & i =
D2

E 4 | BFE R TR EINMNLE T AR RE

SE4se (13, 23, 74, 77-80]
Bz

B SR T o kRN R S ARG ERE BT ad
S RGEIME, BEBAEES T ANF RN SN ILE E
B, ﬁ%%ﬁ1%%!@@%%@&%%%1%%%%%%%
ST EHE
%mﬁ$ﬁmkﬁ%%l%%&ﬁ%%ﬁﬁﬁm%iﬁ%7Qm
fand 1B, MBI R T o feFikE v RAWY 50% A b, &
%ﬁ%&ﬁﬁ%zﬂﬁ%i&im

“RAGHHNEAT MR R T Rk R, Gt ER 4
&ﬁm,niﬁ%kk AW IIE T RIEIRIT B &
Y IE TR IeE 5
B 38 5 0% BIACE 8L FUR T R R SN LR B, Treg
e VA BAE T w B 6.3 B 0l
) R F e kRN LAR G R A BRI Asthiis
Sy IRAOME £
SR, A E
SN ﬁ‘#%ﬁ‘—% AR ERE
)i oR e KRR, R B IR G A BARY X
mMG#“*Hﬁﬁwmkmﬁvma%mﬁﬁ%m%%ﬁ%
Rt
§mh%ﬁﬁﬁﬂdﬁ&%m5ﬁ%@k%ﬁ%mw,“d%
KIEZ B 6], R E RAIUEF K132 32 4],
ﬂi%,%%m%ﬁ%m%%ﬁ%&%ﬁ%mﬁ%ﬁn%%,
B3R 19 AR R S 4 0 B2 Ak

B AR T ek RINARE, &4

xSk A AL AT G R AR

. BAH
E%E@%&ﬁ,ﬂﬁwﬁﬁnﬁ%T%ﬁ
B A RIS B 6 B
Gl R IR, XA IR IR AT AL
. EHUE SR B Qﬁ/%&f}uﬂiﬂﬂ_n- y:3
%mmﬁ%mh%ﬁ%¢%, 3
fi& [90]
Fadk B B 49H 54 BRUNO % ™
R E R A

BLEM AT BB EARY, TR T



PEAATERE @72

Chinese Journal of Tissue Engineering Research  www.CITER.com

1) 7 m B, S B AR e AR G 4 R AR R B,

253 B AR F ek RNk G S ks S R R F
BT R AEN EZRAZ —, RS 6IEH A, B ARKT
R RIN R Z AR S A P KR EBAER . ZHAO F ™
BRI, s RS B R S AP b AR A S i — BB 18] & &
NG miei% 6 kL THmamio/ & 10 2k 9, MIAE
LK BAE T M2 A, SRR aY K E R 52t IR 4EAR LA B
SRR, LALE P E Bz T T o RBRGES A, RS
WAL S AR K&, SRR BAL AL N AR, &
5048 AR IT s B8 R o E TSP b AR R I s UL m i e 4 2
JOT SRR AL, — BB 8] J& & LA A 4 4m JieL 6 LR A 4 4m
Fos Bl Ry, B EH RIS, KT HAHE AR T
20 0, R R I AR PR S AR B /6 S ILE 6 R B, B2 At
BRI FLR T m RS i b S IEAR AP A, T8 LR T ik
BN ARER T A8 95 S LR L @ AR, OB SALE # . 94 £
JERL . ¥ A RS, BB BALE . E 4L Akt Fo
GSK3. 374 c-JNK & 7,

2.5.4 R FRF ek RNk GAY 2 MR R 8 R T ik
AP ARTT VA F i o B[, 5 R m e AR B AR R, BB
BAT T/, M2BITHERE R ERBLE T B- hiExd
Y 75 A A R ZUE R 2 K P A2 R P8k, Neprilvsin(NEP/
CD10) ¥k A KMa + R T 249 B- I & 6B, ToAEA%E
I R FEBIE 6 RS, KATSUDA 4 0 250 & 18] 7% F tm
JOS RS AR F A B B E M 69 NEP, 3518 7 F 4 e kR 9
BeAREEFS 25 A B A G 094t 2B 0S8 e b R I B-
A E A AT, EAMEE, JENIE LR T ke kR sk
SR NEP R AKFZ FHMA AL FafokR, XAET R
BTG T Pk IR0 IR AR YR ®. LOPEZ-VERRILLI % " #F
FRAEIUEF T KR A BROEA A AR T @ik RN ibtk, HAv2
M RAS X ERREI I, R FEVABRAEEIG Aa,
A2 R, KRB BEL A B HR A, XIAN 5 Y % 3
18] FR T 20 R IR S T R ARG % BB 0 m oA A
BV BT a8 A Ao KRR L, &R % ¥k 5 094515
TR w A RAAR T REIE AR, W T R R SN B ARAR R 44 &
1% £ B4R T Nrf2-NF-kB i@ 5%,

2.5.5 SPILIRGGBARER SRR EA Femitt. HAEAEM. 5T
1k A BAR I S5 R M VA B 8 T R R Ay ok i F- AR 4G AL
B Sb 9T AE A 32 AR 69 4l R BARIE £ 254 2 e B AT R R T, Bt
7 RAE S Ay tm P sb i AR5 ¥ A 75 B, dw B 4 0B S AR T
VB A BARFESD TR miR-155 A4 3K 47 4] F| 5 AT e o3 B &
AT IR VA6 T7 1T R KB BE. 2020 45k & #r A B IR A
Hir KA, RS 2R SR E BAF RO ILT, RAR#
B R T e mAR G HEY, 3R T RPLR, 2Fw
J36 5 A A Ao R, B VA T fm B8 T7 R A F R R 7 6.
FESRZAT, R 18] AR T fm IR R S e AR AT BT gk R 0 06 9T 3K
RIFE|FE, il e i itting it —FiiE, ArAst
F 18 FoJR T b B R RSN b AR B T R R T AT B R R A K 4406
T AR At — A5 1,

3 REE5RE Summary and prospects

Bo9 kB, 8 IR T @ik RN AR AR, BRI LA
RAF, X5 RRmpeArE AL, TR A AR ) 69l R R
6. 1A R T aa ek R gl sk B i R R am L ik R AR R
BAPEIER, TE2RIAXF M2 A EZmne)iss; s aRF
YAt e h); T MR eGRAE; xR iR

A2 A LBT A BT & KJE B F ey @m. H AR T @k
SRR b b ARAE A 3K AR R AR KR 09 BB, RV TR R SRR R A,
TR A F AR AR SRR AS SS R RIS AL, A AT EE R AL
PRILZ SN, SRRV A S E RARBAR, T AW A
FRym RIR. B AT ALK TR 18 AR T @ik R o ib AR B LR
BB R B RIE , T L, SNSRI F0e 5 B S R R AR
K, TRE) I8 IR T an ik R Sh sb AR AT ) — vk 5@ 69 VE B AR A
R, EEAFABRAER. 4o F 8808 KR T A Bg i 18] 7R
F e R RGN AR, EAIMT R —REEmIRA K. R EFTH
BAe 25, 3 RE RSB GOAE A SR A TRRARR P o LR,
R, 3t ARE R RS Fr AR AR AR T m IR IR SNk K.

18] F ST om e S R A kAR 22 A R 1R AR AR 1A) R T ek A
R, LEREmBFAZATEYA BT R@ miest R 5 R, AE
A TREAEBA SR R 8 KRB R T LTS KRR, &
B R AR, ARILAEEZA KT AR 8] AR T 40 e R IR oh ik ik
A AR, B, #—F T R E B AT R R gk
AR A M F AT TR ) SR R 69 VE B HUER A RS T 6 T AT
F A I A NG R AR

EBTEE: 5. THREATEAMTET, 5. THEMEATL
FEEMAERT, A, T, xF. 32, BARAL LHIKE. &
B £

MELE, AR, HELLIPRATR
Huy TR,

GBI AXFELT “BRARMAFALME (31972755)” “L
HA B RAF A AR A (ZR2020KH031)” Z “H R K 2 4 43 4] k| %
R A (201910443012)” #9%Bh. FIAAER B O, 2% LBFEH #h
T, AR A R R Bk Rt Ge it AT AR .

FIEHZE: LFe)a3tEd 7o, ERAARLALTRE LT R
BB R,

S
).

NEEE:

8. AR AR %R E R

ZRET (ARG RFZZESMIREINTL) (PRISMA

S AT €2 L F b R B 5 Lk A AT 3 R E
.
SCEINE: XFZDRATINF HRAFINF, FATIFIOAA LFH

SR EAATE.

SCERRI: X F B RAT A& O AR R RARALE T AR X
L

FERGRELERR: 3% — B FAURIR L, 4B (Fritdk T i)
“F - AE WAL - AR 5 XL F 407 ik, ESEIIRGEAT,
RAMAAIE T LM B 45T RIA S, AEfy &, B AKE
TR P . THR. HN. F#, 760, k. BEUEEZIHK, T4
Z a5 RG], VS 0 NS R T AT AR A R

4 =#E Tk References

[1] LE BLANC K, RINGDEN O. Immunobiology of human mesenchymal stem cells
and future use in hematopoietic stem cell transplantation. Biol Blood Marrow
Transplant. 2005;11(5):321-334.

2] RYAN JM, BARRY FP, MURPHY JM, et al. Mesenchymal stem cells avoid allogeneic
rejection. J Inflamm (Lond). 2005;2:8.

[3] SHAO L, ZHANG Y, LAN B, et al. MiRNA-Sequence Indicates That Mesenchymal
Stem Cells and Exosomes Have Similar Mechanism to Enhance Cardiac Repair.
Biomed Res Int. 2017;2017:4150705.

[4] NAKAMURA Y, MIYAKI S, ISHITOBI H, et al. Mesenchymal-stem-cell-derived
exosomes accelerate skeletal muscle regeneration. FEBS Lett. 2015;589(11):
1257-1265.

[5] ZHANG Y, CHOPP M, MENG Y, et al. Effect of exosomes derived from
multipluripotent mesenchymal stromal cells on functional recovery and
neurovascular plasticity in rats after traumatic brain injury. J Neurosurg. 2015;
122(4):856-867.

[6] KORDELAS L, REBMANN V, LUDWIG AK, et al. MSC-derived exosomes: a novel tool
to treat therapy-refractory graft-versus-host disease. Leukemia. 2014;28(4):
970-973.

Chinese Journal of Tissue Engineering Research | Vol 26 | No.7 | March 2022 | 1099



@’

PEERTIZHR

www.CITER.com Chinese Journal of Tissue Engineering Research

= iR

=g

[7]

(8]

19]

[10]

[11]

[12]

[13]

[15]

[16]

[17]

[18]

[19]

[20]

[22]

[23]

[24]

[25]

[26]

[27)

[28]

[29]

[30]

[31]

[32]

NASSAR W, EL-ANSARY M, SABRY D, et al. Umbilical cord mesenchymal stem cells
derived extracellular vesicles can safely ameliorate the progression of chronic
kidney diseases. Biomater Res. 2016;20:21.

SR, AEMR, T, S . R SS BT AR A A A E F AL A FT k2 1)), K
T BE 2K A2 4R ,2019,38(5):512-517.

SEOY, KIM HS, HONG IS. Stem Cell-Derived Extracellular Vesicles as
Immunomodulatory Therapeutics. Stem Cells Int. 2019;2019:5126156.

BORGER V, BREMER M, FERRER-TUR R, et al. Mesenchymal Stem/Stromal Cell-
Derived Extracellular Vesicles and Their Potential as Novel Immunomodulatory
Therapeutic Agents. Int J Mol Sci. 2017;18(7):1450.

ALY, Wl , kAR ER A5 NI R 7R T A M SRR S M A Treg A1
THL7 ZHB R 1E ). A St mii 2 2= & ,2019,27(1): 221-226.
BIEBACK K, KERN'S, KLUTER H, et al. Critical parameters for the isolation of
mesenchymal stem cells from umbilical cord blood. Stem Cells. 2004;22(4):625-634.
AR, EBEF, a4 NJBER IR FE AR A A A T ] Th22 4a Y
Fik Je e V). P EAZUTFERTIT ,2018,22(29):4657-4662.

KB, FERRA , KIRZE & NS () 78 5T 140 B A/ b 1 S 2 1 15 T e 1
7¢ ). FPABEE 248 ,2015,95(32):2630-2633.

MRPRER , FHEE, RIBG55 , 45 . 38 2 ARANES 5 A NJBF AT ) 78 i 40 o S A
miRNA 3% (1 L (1], A [ 223 TAEAF 9T ,2018,22(17): 2686-2691.

LA ROCCA G, ANZALONE R, CORRAO S, et al. Isolation and characterization of
Oct-4+/HLA-G+ mesenchymal stem cells from human umbilical cord matrix:
differentiation potential and detection of new markers. Histochem Cell Biol.
2009;131(2):267-282.

MIAO Z, JIN J, CHEN L, et al. Isolation of mesenchymal stem cells from human
placenta: comparison with human bone marrow mesenchymal stem cells. Cell
Biol Int. 2006;30(9):681-687.

RAYNAUD CM, MALEKI M, LIS R, et al. Comprehensive characterization of
mesenchymal stem cells from human placenta and fetal membrane and their
response to osteoactivin stimulation. Stem Cells Int. 2012; 2012:658356.
CARLIN R, DAVIS D, WEISS M, et al. Expression of early transcription factors Oct-
4, Sox-2 and Nanog by porcine umbilical cord (PUC) matrix cells. Reprod Biol
Endocrinol. 2006;4:8.

TSAI' MS, LEE JL, CHANG YJ, et al. Isolation of human multipotent mesenchymal
stem cells from second-trimester amniotic fluid using a novel two-stage culture
protocol. Hum Reprod. 2004;19(6):1450-1456.

IN “T ANKER PS, SCHERJON SA, KLEIJBURG-VAN DER KEUR C, et al. Amniotic fluid
as a novel source of mesenchymal stem cells for therapeutic transplantation.
Blood. 2003;102(4):1548-1549.

MUSHAHARY D, SPITTLER A, KASPER C, et al. Isolation, cultivation, and
characterization of human mesenchymal stem cells. Cytometry A. 2018;93(1):19-
31.

R, PR, B, S B ST R T AR AR A T bR ES A i 12
IL-4 TREAISEM (). o [H e 27 7 5, 2008,24(2):126-130.

PITTENGER MF, MACKAY AM, BECK SC, et al. Multilineage potential of adult human
mesenchymal stem cells. Science. 1999;284(5411):143-147.

HUANG GT, GRONTHOS S, SHI S. Mesenchymal stem cells derived from dental
tissues vs. those from other sources: their biology and role in regenerative
medicine. J Dent Res. 2009;88(9):792-806.

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.

UM, ARG, RS, A . N BIURF (] 7854 A R A A TE I R 4%
TR D). S PR 2R 5 ,2017,33(3):344-348.

HONG P, YANG H, WU Y, et al. The functions and clinical application potential

of exosomes derived from adipose mesenchymal stem cells: a comprehensive
review. Stem Cell Res Ther. 2019;10(1):242.

PENDLETON C, LI Q, CHESLER DA, et al. Mesenchymal stem cells derived from
adipose tissue vs bone marrow: in vitro comparison of their tropism towards
gliomas. PLoS One. 2013;8(3):58198.

YU B, ZHANG X, LI X. Exosomes derived from mesenchymal stem cells. Int J Mol
Sci. 2014;15(3):4142-4157.

BAMBA C, SINGH SP, CHOUDHURY S. Can mesenchymal stem cell therapy be the
interim management of COVID-19? Drug Discov Ther. 2020;14(3):139-142.

BIAN S, ZHANG L, DUAN L, et al. Extracellular vesicles derived from human

bone marrow mesenchymal stem cells promote angiogenesis in a rat myocardial
infarction model. ] Mol Med (Berl). 2014;92(4):387-397.

1100 | PEARTZAR | 585265 | 578 | 2022638

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

GOULD SJ, RAPOSO G. As we wait: coping with an imperfect nomenclature for
extracellular vesicles. J Extracell Vesicles. 2013;2.

RAPOSO G, STOORVOGEL W. Extracellular vesicles: exosomes, microvesicles, and
friends. J Cell Biol. 2013;200(4):373-383.

B, BAERT , WPN A, 55 . R I 7 0T A A A M A R ) B
Foxp3+ Treg/Th17 (1P [J]. R ZH S TREWEFE ,2018,22(17): 2637-2643.
HARDING C, HEUSER J, STAHL P. Receptor-mediated endocytosis of transferrin
and recycling of the transferrin receptor in rat reticulocytes. J Cell Biol.
1983;97(2):329-339.

PAN BT, TENG K, WU C, et al. Electron microscopic evidence for externalization
of the transferrin receptor in vesicular form in sheep reticulocytes. J Cell Biol.
1985;101(3):942-948.

B, TRREL, DU, 5 NIRRT AN A Uk R D). Th E R
FiAR ,2019,14(4):361-365.

LAI RC, ARSLAN F, LEE MM, et al. Exosome secreted by MSC reduces myocardial
ischemia/reperfusion injury. Stem Cell Res. 2010;4(3):214-222.

SIMONS M, RAPOSO G. Exosomes--vesicular carriers for intercellular
communication. Curr Opin Cell Biol. 2009;21(4):575-581.

HURLEY JH. ESCRT complexes and the biogenesis of multivesicular bodies. Curr
Opin Cell Biol. 2008;20(1):4-11.

HUOTARI J, HELENIUS A. Endosome maturation. EMBO J. 2011;30(17): 3481-
3500.

COLOMBO M, RAPOSO G, THERY C. Biogenesis, secretion, and intercellular
interactions of exosomes and other extracellular vesicles. Annu Rev Cell Dev Biol.
2014;30:255-289.

RUSSELL MR, NICKERSON DP, ODORIZZI G. Molecular mechanisms of late
endosome morphology, identity and sorting. Curr Opin Cell Biol. 2006;18(4):422-
428.

WEI D, ZHAN W, GAQ Y, et al. RAB31 marks and controls an ESCRT-independent
exosome pathway. Cell Res. 2021;31(2):157-177.

VAN NIEL G, D’ANGELO G, RAPOSO G. Shedding light on the cell biology of
extracellular vesicles. Nat Rev Mol Cell Biol. 2018;19(4):213-228.

GRUENBERG J, STENMARK H. The biogenesis of multivesicular endosomes. Nat
Rev Mol Cell Biol. 2004;5(4):317-323.

XUNIAN Z, KALLURI R. Biology and therapeutic potential of mesenchymal stem
cell-derived exosomes. Cancer Sci. 2020;111(9): 3100-3110.

JAN AT, RAHMAN S, KHAN S, et al. Biology, Pathophysiological Role, and Clinical
Implications of Exosomes: A Critical Appraisal. Cells. 2019; 8(2):99.

DENG H, SUN C, SUNYY, et al. Lipid, Protein, and MicroRNA Composition Within
Mesenchymal Stem Cell-Derived Exosomes. Cell Reprogram. 2018;20(3):178-
186.

MAQSOOD M, KANG M, WU X, et al. Adult mesenchymal stem cells and their
exosomes: Sources, characteristics, and application in regenerative medicine. Life
Sci. 2020;256:118002.

AR, XISE, BRIE . TR 7S5 T AR A A G 2 VA T 1 R AL o 7T gk
0. R E B RN S22 4 ,2018,47(10): 939-941,947.

FATIMA F, EKSTROM K, NAZARENKO I, et al. Non-coding RNAs in Mesenchymal
Stem Cell-Derived Extracellular Vesicles: Deciphering Regulatory Roles in Stem
Cell Potency, Inflammatory Resolve, and Tissue Regeneration. Front Genet.
2017;8:161.

5, ERRA, AR, 55 A SE T IR R VR K S M AR T O TUREBE (B 7
HERE ). AR LRl ,2019,50(2):99-103.

LEE RH, PULIN AA, SEO MJ, et al. Intravenous hMSCs improve myocardial
infarction in mice because cells embolized in lung are activated to secrete the
anti-inflammatory protein TSG-6. Cell Stem Cell. 2009;5(1):54-63.

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

LEE C, MITSIALIS SA, ASLAM M, et al. Exosomes mediate the cytoprotective action
of mesenchymal stromal cells on hypoxia-induced pulmonary hypertension.
Circulation. 2012;126(22):2601-2611.

REIS LA, BORGES FT, SIMOES MJ, et al. Bone marrow-derived mesenchymal

stem cells repaired but did not prevent gentamicin-induced acute kidney injury
through paracrine effects in rats. PLoS One. 2012;7(9):e44092.

SONG P, KWON Y, JOO JY, et al. Secretomics to Discover Regulators in Diseases. Int
J Mol Sci. 2019;20(16):3893.

SPEES JL, LEE RH, GREGORY CA. Mechanisms of mesenchymal stem/stromal cell
function. Stem Cell Res Ther. 2016;7(1):125.



4= ik PEAATERE @72
Chinese Journal of Tissue Engineering Research  www.CITER.com

[61]  ZHAOH, SHANG Q, PAN Z, et al. Exosomes From Adipose-Derived Stem 1841  SKFIH, Y . A1 78 BT 40 AR IR A A IR T SR IR (K 1 R BL) 1] o
Cells Attenuate Adipose Inflammation and Obesity Through Polarizing M2 [H 2023 TREWF T ,2019,23(29):4714-4721.

Macrophages and Beiging in White Adipose Tissue. Diabetes. 2018; 67(2):235- [85]  RATAJCZAK MZ, KUCIA M, JADCZYK T, et al. Pivotal role of paracrine effects in
247. stem cell therapies in regenerative medicine: can we translate stem cell-secreted

[62]  PHINNEY DG, DI GIUSEPPE M, NJAH J, et al. Mesenchymal stem cells use paracrine factors and microvesicles into better therapeutic strategies? Leukemia.
extracellular vesicles to outsource mitophagy and shuttle microRNAs. Nat 2012;26(6):1166-1173.

Commun. 2015;6:8472. [86]  MANSOOR H, ONG HS, RIAU AK, et al. Current Trends and Future Perspective

[63]  FUJIIS, MIURAY, FUJISHIRO A, et al. Graft-Versus-Host Disease Amelioration by of Mesenchymal Stem Cells and Exosomes in Corneal Diseases. Int J Mol Sci.
Human Bone Marrow Mesenchymal Stromal/Stem Cell-Derived Extracellular 2019;20(12):2853.

Vesicles Is Associated with Peripheral Preservation of Naive T Cell Populations. [87)  SREE, BRiME, B, S AN IR MR N T A R 2 R Uk R ).
Stem Cells. 2018;36(3):434-445. i [ 2 40 TR 7T ,2018,22(5):801-806.

64 MIFZ, T, EA . BN 2 HAS 5@ st & (). /e [88]  KIMS, LEE SK, KIM H, et al. Exosomes Secreted from Induced Pluripotent Stem
¥ 5l FK ,2019,16(15):2252-2255. Cell-Derived Mesenchymal Stem Cells Accelerate Skin Cell Proliferation. Int J Mol

[65]  LASKIN DL, SUNIL VR, GARDNER CR, et al. Macrophages and tissue injury: agents Sci. 2018;19(10):3119.
of defense or destruction? Annu Rev Pharmacol Toxicol. 2011;51:267-288. [89]  PEREZ-HERNANDEZ J, REDON J, CORTES R. Extracellular Vesicles as Therapeutic

[66]  LOSICCO C, REVERBERI D, BALBI C, et al. Mesenchymal Stem Cell-Derived Agents in Systemic Lupus Erythematosus. Int J Mol Sci. 2017;18(4):717.
Extracellular Vesicles as Mediators of Anti-Inflammatory Effects: Endorsement of [90]  LIUS, LIU D, CHEN C, et al. MSC Transplantation Improves Osteopenia via
Macrophage Polarization. Stem Cells Trans| Med. 2017;6(3):1018-1028. Epigenetic Regulation of Notch Signaling in Lupus. Cell Metab. 2015; 22(4):606-

[67]  SONGY, DOU H, LI X, et al. Exosomal miR-146a Contributes to the Enhanced 618.

Therapeutic Efficacy of Interleukin-1B-Primed Mesenchymal Stem Cells Against [91]  ZHANGS, CHU WC, LAI RC, et al. Exosomes derived from human embryonic
Sepsis. Stem Cells. 2017;35(5):1208-1221. mesenchymal stem cells promote osteochondral regeneration. Osteoarthritis

[68]  ZHUANG G, MENG C, GUO X, et al. A novel regulator of macrophage activation: Cartilage. 2016;24(12):2135-2140.
miR-223 in obesity-associated adipose tissue inflammation. Circulation. [92]  BRUNO S, GRANGE C, COLLINO F, et al. Microvesicles derived from mesenchymal
2012;125(23):2892-2903. stem cells enhance survival in a lethal model of acute kidney injury. PLoS One.

[69]  BANERJEES, XIE N, CUI H, et al. MicroRNA let-7c regulates macrophage 2012;7(3):e33115.
polarization. J Immunol. 2013;190(12):6542-6549. [93]  LINKC, YIP HK, SHAO PL, et al. Combination of adipose-derived mesenchymal

[70]  JIANG M, WANG H, JIN M, et al. Exosomes from MiR-30d-5p-ADSCs Reverse stem cells (ADMSC) and ADMSC-derived exosomes for protecting kidney from
Acute Ischemic Stroke-Induced, Autophagy-Mediated Brain Injury by Promoting acute ischemia-reperfusion injury. Int J Cardiol. 2016;216:173-185.

M2 Microglial/Macrophage Polarization. Cell Physiol Biochem. 2018;47(2):864- [94]  ZHAOJ, LI X, HU J, et al. Mesenchymal stromal cell-derived exosomes attenuate
878. myocardial ischaemia-reperfusion injury through miR-182-regulated macrophage

[71]  SHEN B, LIU J, ZHANG F, et al. CCR2 Positive Exosome Released by Mesenchymal polarization. Cardiovasc Res. 2019;115(7):1205-1216.

Stem Cells Suppresses Macrophage Functions and Alleviates Ischemia/ [95]  LIJ,XUEH, LIT, et al. Exosomes derived from mesenchymal stem cells attenuate
Reperfusion-Induced Renal Injury. Stem Cells Int. 2016;2016:1240301. the progression of atherosclerosis in ApoE-/- mice via miR-let7 mediated

[72]  ZHANG B, YIN Y, LAI RC, et al. Mesenchymal stem cells secrete immunologically infiltration and polarization of M2 macrophage. Biochem Biophys Res Commun.
active exosomes. Stem Cells Dev. 2014;23(11):1233-1244. 2019;510(4):565-572.

[73]  WILLIS GR, FERNANDEZ-GONZALEZ A, ANASTAS J, et al. Mesenchymal Stromal Cell [96]  TENG X, CHEN L, CHEN W, et al. Mesenchymal Stem Cell-Derived Exosomes
Exosomes Ameliorate Experimental Bronchopulmonary Dysplasia and Restore Improve the Microenvironment of Infarcted Myocardium Contributing to
Lung Function through Macrophage Immunomodulation. Am J Respir Crit Care Angiogenesis and Anti-Inflammation. Cell Physiol Biochem. 2015;37(6):2415-
Med. 2018;197(1):104-116. 2424.

[74]  WEAR, ZEHK, TUDN, S A 705 T 4Rk VS A i AR G 2 Th RE T A% 4 [97]  SUZUKI E, FUJITA D, TAKAHASHI M, et al. Therapeutic Effects of Mesenchymal
5N AT S 0] R E LR TR ST ,2019,23(17):2762-2769. Stem Cell-Derived Exosomes in Cardiovascular Disease. Adv Exp Med Biol.

[75] FaN 'Y, HERR F, VERNOCHET A, et al. Human Fetal Liver Mesenchymal Stem 2017;998:179-185.

Cell-Derived Exosomes Impair Natural Killer Cell Function. Stem Cells Dev. [98]  KATSUDA T, TSUCHIYA R, KOSAKA N, et al. Human adipose tissue-derived
2019;28(1):44-55. mesenchymal stem cells secrete functional neprilysin-bound exosomes. Sci Rep.

[76]  SPAGGIARI GM, CAPOBIANCO A, BECCHETTI S, et al. Mesenchymal stem cell- 2013;3:1197.
natural killer cell interactions: evidence that activated NK cells are capable of [99]  HADH, KIM HK, LEE J, et al. Mesenchymal Stem/Stromal Cell-Derived
killing MSCs, whereas MSCs can inhibit IL-2-induced NK-cell proliferation. Blood. Exosomes for Immunomodulatory Therapeutics and Skin Regeneration. Cells.
2006;107(4):1484-1490. 2020;9(5):1157.

771 Rz, THE, MRIERH , 25 . AT IR 78 58 40 MR U5 A A 1 AR 2 s v [100] LOPEZ-VERRILLI MA, CAVIEDES A, CABRERA A, et al. Mesenchymal stem cell-
WFFE ). Herh BHE R 23 (22240 ),2016,45(2):154-159. derived exosomes from different sources selectively promote neuritic outgrowth.

(78] Wi, A, BT, S ONCEBESRIE A 7 T 40 S W A AR R T AT ). Neuroscience. 2016;320:129-139.

o [ S8 19 2 2 35 ,2014,22(3):595-599. [101] XIAN P, HEI'Y, WANG R, et al. Mesenchymal stem cell-derived exosomes as a

[79]  GLENNIE S, SOEIRO I, DYSON PJ, et al. Bone marrow mesenchymal stem cells nanotherapeutic agent for amelioration of inflammation-induced astrocyte
induce division arrest anergy of activated T cells. Blood. 2005; 105(7):2821-2827. alterations in mice. Theranostics. 2019;9(20):5956-5975.

[80]  JIANG XX, ZHANG Y, LIU B, et al. Human mesenchymal stem cells inhibit [102] MOMEN-HERAVI F, BALA S, BUKONG T,et al. Exosome-mediated delivery of
differentiation and function of monocyte-derived dendritic cells. Blood. functionally active miRNA-155 inhibitor to macrophages. Nanomedicine.
2005;105(10):4120-4126. 2014;10(7):1517-1527.

[81]  RABINOVICH GA, ALONSO CR, SOTOMAYOR CE, et al. Molecular mechanisms [103] PINKY, GUPTA S, KRISHNAKUMAR V, et al. Mesenchymal Stem Cell Derived
implicated in galectin-1-induced apoptosis: activation of the AP-1 transcription Exosomes: a Nano Platform for Therapeutics and Drug Delivery in Combating
factor and downregulation of Bcl-2. Cell Death Differ. 2000;7(8):747-753. COVID-19. Stem Cell Rev Rep. 2021;17(1):33-43.

[82]  FRANCISCO LM, SALINAS VH, BROWN KE, et al. PD-L1 regulates the development, [104] DEL FATTORE A, LUCIANO R, SARACINO R, et al. Differential effects of extracellular
maintenance, and function of induced regulatory T cells. J Exp Med. vesicles secreted by mesenchymal stem cells from different sources on
2009;206(13):3015-3029. glioblastoma cells. Expert Opin Biol Ther. 2015; 15(4):495-504.

[83]  DEL FATTORE A, LUCIANO R, PASCUCCI L, et al. Immunoregulatory Effects of [105] ZHU W, HUANG L, LI'Y, et al. Exosomes derived from human bone marrow

Mesenchymal Stem Cell-Derived Extracellular Vesicles on T Lymphocytes. Cell
Transplant. 2015;24(12):2615-2627.

mesenchymal stem cells promote tumor growth in vivo. Cancer Lett.
2012;315(1):28-37.

( FATZR%E: MZH, ZN, JY)

Chinese Journal of Tissue Engineering Research | Vol 26 | No.7 | March 2022 | 1101



