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[ ABSTRACT]

mesenchymal stem cell ;

cell transplantation has reversed aging and its accompanying dysfunction.

SENnescence ;

With the aging of population, the burden of medical is aggravated.

exosome

As a new treatment method, stem

Mesenchymal stem cell, as a type of stem cell

with both regeneration and immunoregulatory functions, can promote the regeneration and repair of aging tissues through di-

rect differentiation of cell replacement and cell empowerment.

continuous centrifugation can separate exosomes which is the main therapeutic carrier from mesenchymal stem cell.

At the same time, recent studies have found that

Senes-

cence-related miRNA in exosomes is helpful to elucidate the molecular mechanism of anti-aging treatment of mesenchymal

stem cell.

A A A 21 2 R EZE AN A &
WAL G O™ 8 I 0 B 7 O e ARk 2 A 1Y
4, 1881 4, Weismann 5 kK M2 B HEREZ 3 4H
VA IR 4 5> 52, S, Hayflick %51 F
1961 4 & BRIE 1A 48 it 5 A BIR 1) 4 i 52 i F
FE0m, 2G40 L 35 B e R 2 RE 3 N, X R IR AR A
ML, L RVRE R BN 40 i K B A9
SERNERY RFGER, HHZ w4 S ny R I fE, =
AR FE A Y bR AR (1) SR RE
T B, I EPE T AR A FE S BRI 5 (2) 41 i A
WIS E (5 S DNA 2B H R IS 40l
REFILE {5 A S E o B AR w2 5 T 41 e
BANERUIAOC . 1 40 B 2 W 2 F0 A B 2 )
F bR 22— J2 Qr ] ) 1 40 i ok 306 4 5 52 S LAY Bl
D) RERERT

[KfBHE] 2019-10-14 [f&E B
[(E€mB] EFRAKFEZLm W HE (81770337,81570310)
[1EERMN]

1 [EFxERTHEE

H 1961 4E Till F1 McCulloch & P2 RE T4 i LA
K, O 20 T 40 A %) Tl e R A 35 £ 1 35 240 M 1 %
B X REYERE Y HTIE A0 A FR A 1998 AF B
E K% 1 Thomson %[3] PN N SO i
BIFEAE T NIRRT A MY, X 2 A AR A BRI
It HLAERETEAR N TE 1 250 A [a] 19 A\ 2 41 i 26 71
VLR F 98 B8 32 4 5 T 40 At A= BRAR R R 80 h . 1A
PN T A0 B A 4 i bR S, ROl o K sk e 1k s,
LT LA [ 24 B 471 35 T B YT A A A B
i i L TS DRa o N A O AV 3 55 e 2 )
RCHT R AN SEME T AN B IR E TR T, T A
i ] B R S A I AR, IR AR R B A A
i JE A AR AL S T At

2019-11-28

AR L B B ST T W) R st kR R A AL FLO AR H | E-mail liyixi2017 @ hotmail. com, W AEEA XA

W1, Wt AT R, %, 5T ) O R R RS B R AL, E-mail 7 qimingliu@ csu. edu. en,,



998

ISSN 1007-3949 Chin J Arterioscler, Vol 28 ,No 11,2020

8] 7555+ 4} ( mesenchymal stem cell, MSC) J&
— P B e AE RS T & B R s i A, JLTAF
TET A 4 g 21 2 rh | 388 DR (248 i LRI AR
UNDE = AN L = (1) 3 o AN ) N = AN 1
W RN A6, EPRANIA YT P MSC i —
M FAE ST 2 R A bR v 1S 3% 4510 R Bh B T 2R 8
T TR A0 ZR T AR ) CD105 . CD73 Al CDYO,
MANZik CD45 .CD34 .CD14 5% CD11b ,CD79 .CD19
5¢ HLA-DR; - B IARS AR E W RE 1, DL S a3 A Al
EZ iR NN I DR 2 i IR il ol
AR A LR ) MSC EL A AR w5 i 5 5 BE 1 A
ATSAPE AT DL A3 Ak 1 22 P At BT R O W] 2 7% )
TGRSR A ud D RAE T I3

2 ERBRTHBEZESURRZ

MSC F35 32 451 2H 2 3= S 1ok 240 i 42 46 F 20
JRIARE 7 2 K FE R R 1R T AE . VR 2 BF 5T B
HTWFFE MSC By ETERE , DS B LA 5 852 46
AN, PR T A B 2H 2L GO IE B IR I ) 1Y+
AR TE Hare 55 BT P53 BT (1 ~
10 K) AirBECoNULBEAE 8 25 4552 8 6 H B9 MSC iR
I TR 54 S R Y R AR LG, MSC iR
7 BB E N 2 0 F 5T I 5348 (left ventricular ejection
fraction, LVEF) 34 MT 7. 3% , DI 0 A kAR
FEAR(IRIT LN 8. 8% , L REFIZH N 36. 8% ) . MSC
BHASRR M el e, K EH G AL S
7N major histocompatibility complex, MHC ) X% 15
A SRV R SR MSC ] THRYY, AN Z A AR 2
R [l MHC PLJE, TRIDENT A58 ,30 f2
O A JBE TR B et A UL 1) PP 2L S8 % i) 4 52 2
x10" A1 1x10° A Rl 7R MSC 6T 12 H 3
O UBIR /N BIA L FEBE (6.4 g L 6.1 g) 5
A2 1x10° 4> MSC 147 2% 9 LVEF #2551
3.7% ,fA4:3% 2x 107 4~ MSC A7 B # 1Y LVEF %
A REZA, BIHECY L, R LA 5 MSCIGYT
FASCHYAS RSN, X BeA At [a g B 1 £+ 4 MSC
SR I T AR

Wu S i BT AF 20 8 A 20 /D B - 1]
o5 T 20 i ( marrow MSC, BMSC) , KIFEH P
SA-B-gal FHHEANARAY E 4 EUAR T2 AR ok
F 4/ INELEY) MSC RS B 2108 /N Bl R 34532 4))
% MSC Y7 B85 /N BT DL 38 Az 7 B i 1) R A=
1], A3 S /N BB A7 R IE 2 2 i /N R A B

ML TR, A 5T & BN D 240 40k 5 Y
MSC ( adipose tissued-derived MSC , AD-MSC ) 1% f
s T AR/N RIS B T B e 1 A AT R R A
WA T I 1 2 BERR AR K- B4 AD-MSC
VKA T 24/ UK B IO A DGR 1 2, G 5R T
P SR A2 AR B 238, DL SRR A 227 57 R 1
TR A IR T RO BEE | X S48 SR W], AD-MSC #Y
FEAE AT LI 52 22 A /N RN D B8, 78 95 — Bt
FErt, Cao 81 WFSE T ABFAT SR IR Y MSC Xt i1 D
LB S/ BUB BN R 2 0 52 ) I F
FEN L /N AT IE S S AN e SR U Y MSC, 45 5]
1R R 2 A WF98 R B0 MSC B4 3 AR, 58/
SRR Sh AR M 2 ) FC AL AR B o3t | 2/ R )
CA1 DX S b vl 38 VG 5 IF e 1 % /N U 5 IX
B R o R B | 5 ik IS R R AR 28 K A i
et — 2L R W], MSC FEAF YA 1 ROR S 8 2ok P T 3
2 /N UK i 165 5 X 38 MAPK-ERK-CREB {55538
R R FEAEM . Charles-de-Sa 457 38 22 43 51 B A
FHARRRIIZHZR RN 2x10° 3 (A5 5 20 21k B 19 MSC
45 % % 65 & N THHB A A R AC N i B IX
SR SR B P T R A R N B TR L R M
JEE R 2T 48 4 B 25 R, DT T R K
%, Dong A5 a3 SRS AR R B BE R TR B MSC
AR BB SR IR 18 Wnt 19 MSC 45 )5 5 I B 1Y
JNER, & BE Wt 32 23K 19 MSC HERS T3k B 28 MK 1
S A I A A R | 3 i I e L Sk DX 1l T Tl )
Fik MR AT LB RS AR O I Rk e i B
A,

W58 R IR [ A LA ) Ji 2 R R Y MSC fb
N G TN TEIE SRR T B A, B Bl 10431k 7 e
R AIAELRG 1 T 108 RE R > . MSC i BEAE R Ah ™
G LIWE IR T By A0 M B, TE I R 3R )
MSC AR R ZH AN M — ARG 3 3 AR rT
75 MSC E AT R RE

3 EFERTHEESMNBERRE

TER Z 80 MSC i PRI SE 1, MSC E 32 458 20
LU ARCRIF A, IF HEMS MSC B A7 I ]
L H7R MSC R T 43 A B A 1 40 i o, ik )]
T Al L H KR G T R R 1996 4R
Haynesworth ZEIOTIRSE  MSC A LI 20 I T 3% 0 A
PSRRI N PR A RV ol K S 222 B N PN A N A B
e AR RN 7 FRAZ AN AR 1 T AR
- S EZAEAE K 1 AR AE R 1 Al



CN 43-1262/R " [E s fikalifb 244 ks 2020 455 28 %55 11 4 999

/A S, MSC 3 55 43 WA 1R FH G JRy 348 4
RAEDUHMLIE T- RS FAE NS4S MSC 5543 W s =X
R 3 427 R (EL R B B 3 OB 7 D
K B s PR A7

MSC 43U 0 2 F 2 Hh 22 Fh D) RE 10 28 1 0T L SE A%
FERR A >, 7833 25 LA EL R I, MSC 4
WA X e W 1 4y F 0] R HRIRITAE R, B,
7R MSC ZEARSMRITE O WL rb 43 006 4 [ 7 40 e P 7
A AE D TG PE R, G W B s i A DG B 1 2, T
LB ] 2 1 440 PR 2 0 L P A R S AL, 9 HL
I ] o P 200 A B 40 6 0 5 0 i 9 i 1) b
FEZEC LA, A0 L 40 6 0 77 40 6, o5 00 L
AR5, - BIR i 45 A6 1 AR 220 2 AT Ah,
MSC 5% 43 1h PR 7 1] LA Sk 25 3800 O LA R 79 Ak
H1 Bel2, T4k Akt F1 Bel2 a] B4 .Co (LA i 3% 1 5
WA TS MSC iR R LA B R AN R
AR % 4 (interleukin-4, TL-4) Fl 1L-10'%) | 1L-4
AT LA/ g A FR SR AR, N R BT 4 AR
it -0 /D £ AE 2R RS A TL-10 AT RO LB BE IX.
P R SR IR - TL-1 R 3 4 i 26 G R 3k
DI T Wk EL A 32 30, e A, TL-10 BT LAJ 2> % 5
0 LRI T B A 1 R A v PR 4 e i
DA R BRI 34 | R ok 40 952 T 3] 2 5 AR BE 1Y)
DAL, (HZAFFE 2 BN MSC 43306 9 9 I P 43 85
(A 0 T o PR BE 7= A — B T E A I 25 R
I AT HEWT MSC 23 1 ) 2 11 41 v & #5836 97 1R IR T
Mo B =02 20,

AU 2 SO AR R R /IS 1 S B s AT 1 448 i o
1 (extracellular vesicle, EV) ,EV Z&TE 14
YRR (B AN RN R R R (A AR i ) iF
P ™) JEV 43 3 AN AR ( AR
30 ~150 nm) f#if( EAEZY 100 nm ~1 pm) AT
IME(EBERT 1 pm) o EWIIMBARPE Ay 258 ik
B S BERL ™ A5 1 AN B AT A 0 Dy i 1) 4 i 2%
T ERCHT RS 2 W, A0 AR E 240 i =2 1] B AS TR 4 21
ZAE B — N B A5 W 4%, 2 5 40 M 5 515 5 4
iE PR3 5 AN S D BE AR T O Sl BV IE A Y
SR AT LIS B 55 52 XAy D e e R O AR A
SEAE RIS PR P T, 3k AN AN 23 77 A 1A A5 o 7 i
HET A5 2 1 W) 88 1Ak A B T 43 F HL B 5T,
Kowal 2 % BT DL 3o 1% 22 55 0 46 B o B K
N3 ARSHR EV Y I HAE/NRL EV Hod it
CD63 .CD9 F1 CD81 U it JEE 28 [ & AR A% B vl e L Ah
WMANERE . Sl A BIF9E R MSC RIS HE AN [R] 1Y
VA RUALE N2 S L £ B {ERE i s S g & i oy |

RNA &R A ZE S AFRIE MSC 195k
(NRTT HE ] 2 7E 45 Rl s 154 AL rh 45 31 95 1k, AT
Uk 2D o0 LA BE B R /N B T R A
21 R miRNA (75 RNA USRI K 363k Y
B JE T HORAE /N AE g iS RNA 28 ) ok
PR R MSC AMNIMAA B BAT F B AR
STYEM .

MSC SMUMAHEHF 2 5 5 2 A0 C K miRNA H
L ZRR 0 B A A 0% ) 3 R T O, DT 5 04 i
BB AE TN RE VAT BE 10, Hisamatsu %570
FARI miR-17 K H 5% R [FJEY miR-106a Fl miR-
106b(miR-17/106) i T #8157 32 & 19 MSC 43 1L %
BB T R A 43 W TR - 3k 2R U8 00 A BF o 4 S
miR-17/106 5 MSC ‘B ¥ Ji 7 B 9 4 0% A0 14 R A1
FHIC, T3R8 miR-17 AOEE LD/ NI B H 2
KBS s HoA K B A& . miR-17/106 A
IR AR T BE , B W AR KB TR ks, A&
£ H F 6 ( growth differentiation factor-6, GDF6)
YENFEE MSC 43 42 7, i GDF6 k&
A MSC 40 Ab T BE . TR BF A 0 2 F 5 41
EFR, miR-17 FEAEH &2 N F I, X S HF miR-
17 K FHAEBEER Yu 555 K 8% 4R 1
e B RER I MSC AMIAMA Y miR-125b KI8T RE,
M RTIIATSE % B lin-4 miR 7E NI FL 304 miR-125b
G RV IR A, 388 o 2 i e &) 22/ B i AR AR I
T 1 BRI LI HE Y lin-4 miR Y5 KGR
A RER A, WSS AR 20 s T AU =,
I, FTHEDN miR-125b X2 Em2AEH, 120k RAE
AT I 4 B % miR-181 K B A HLRAEM,
[ miR-181 A AT § 45 MSC #9434, #F 52 % W
miR-181 ZZ % Ji 51 AE MSC A1 i 44 v [t 25 41 % £ 184
KR8, BEAh, Davis 25 fF 57 2 BH 4F 1% A1 56 19
B D A AN T BB R B T AR, R
BMSC F 7 7RI RE 51 RS 1, A iT] & 30 v — A T 7
IBLHIE miR-183-5p Fifi 75 % &1 35 1, S 30 BMSC
I BUE 7, 3R miRNA B F 5%
T 5 MSC MR AHOC T RE R AT | 3 — 2D AF o7
ML) miRNA ¥4 B T BB MSC SMMA BT E IR
7 RO AL

5 PAR R T A M A9 T VR A B, MSC Ah ik
PRIGTT XS T R IF & B8 B 5] g, Ho—  MSC #h
EHARMEN AL MHEEE AW T, I HHE
o2 AR T HoE ARG, PR oL T BEAf MSC A1 b4

oML S AR TG A0, RE IR 1 40 M A% A A



1000

ISSN 1007-3949 Chin J Arterioscler, Vol 28 ,No 11,2020

KT 224 4 P ] A48 B RR ) 5 = B
TR A SN AR T AR Y, /T LATE =20 °C R
TAE 6 H I A S R AR Y k6 P, R
T4 FLATH AT 1) MSC AN AR FH G 1) B2 24 7= i i Bk
R AR, T MSC AN AR S 24 1 A W 3 e
Tl B SR R R A B

4 B =

T A 3 PR A 4G A P AR i AT Y 4
T4, G AR U5 fifs JL A 2R AR AR DG 4 2 53
BRI Z A8 T 40 LA B s 420 P 43 B 10 B BE T2
Ji, RV X BN TR] (4 4 BE T 20 M & 22 ik T 40 i
TBIT RS BRI T B K09 77,
TEJEAFAE LA AR DG M il ol . — T RESOR ™, =&
HAT AR EME) | = R IRIG T 4N A7 1 (0 S B
[T U P Y N R O R SIE 1 R TR J e
RES, MiFET MSC T 4N Al B FE R 2 58
2R D R I PR A R v S R RS, S T A B
i B ZIE ] MSC BRITRE T AE . H— R E Bk
A A A AR AN A0 M T A Oy X, L R DM A AR
T EBLRIFERAMR, SR, BT R H A &
AThSR 32 B4 A TN 28 4 [ S04 BELASE, 2 o8 1 AS [ 20
PSR VEFNHE A 1) MSC A PR 2 75 EL AT AH W] A G 28
PRSI MSC AN AR A5 52 B4 N TEME T 28
JL sk AR 45 40 M ) A B BE 1 i g 2 PR, MSC
AP TE L IRTT AT AEAR 22 Bk i, 30128 2R Sk A F 5% i
TR A ML B B MSC FET e Z R RE Hh (W 7 AL, Sk
Il R T AR R HS Bl

[ &% 30Hk]

[1] Hayflick L, Moorhead PS. The serial cultivation of human diploid
cell strains[ J]. Exp Cell Res, 1961, 25 585-621.

[2] Lopez-Otin C, Blasco MA, Partridge L, et al. The hallmarks of ag-
ing[ J]. Cell, 2013, 153(6); 1194-1217.

[3] Thomson JA, ltskovitz-Eldor J, Shapiro SS, et al. Embryonic stem
cell lines derived from human blastocysts[ J]. Science, 1998, 282
(5391) ; 1145-1147.

—
~
o

Sharpless NE, DePinho RA. How stem cells age and why this makes
us grow old[ J]. Nat Rev Mol Cell Biol, 2007, 8(9) : 703-713.

—
wn
[

Dominici M, Le Blanc K, Mueller I, et al. Minimal criteria for defi-
ning multipotent mesenchymal stromal cells; The international
society for cellular therapy position statement [ J ]. Cytotherapy,
2006, 8(4) : 315-317.

[6] Koliakos G. Stem cells and aging[ J]. Rejuvenation Res, 2017, 20
(1):4-8.

[7] Rose RA, Jiang H, Wang X, et al. Bone marrow-derived mesen-

chymal stromal cells express cardiac-specific markers, retain the
stromal phenotype, and do not become functional cardiomyocytes in
vitro[ J]. Stem Cells, 2008, 26 (11) : 2884-2892.

[8] Hare JM, Traverse JH, Henry TD, et al. A randomized, double-
blind, placebo-controlled, dose-escalation study of intravenous adult
human mesenchymal stem cells ( prochymal) after acute myocardial
infarction[ J]. J Am Coll Cardiol, 2009, 54(24) . 2277-2286.

[9] Florea V, Rieger AC, DiFede DL, et al. Dose comparison study of
allogeneic mesenchymal stem cells in patients with ischemic cardio-
myopathy (the TRIDENT study) [J]. Circ Res, 2017, 121(11):
1279-1290.

[10] Wu H, Li JZ, Xie BD, et al. Lower senescence of adipose-derived
stem cells than donor-matched bone marrow stem cells for surgical
ventricular restoration [ J ]. Stem Cells Dev, 2018, 27 (9):
612-623.

[11] Park D, Yang G, Bae DK, et al. Human adipose tissue-derived
mesenchymal stem cells improve cognitive function and physical ac-
tivity in ageing mice[ J]. J Neurosci Res, 2013, 91(5) : 660-670.

[12] Cao N, Liao T, Liu J, et al. Clinical-grade human umbilical cord-
derived mesenchymal stem cells reverse cognitive aging via
improving synaptic plasticity and endogenous neurogenesis [ J ].
Cell Death Dis, 2017, 8(8) : €2996.

[13] Charles-de-Sa L, Gontijo-de-Amorim NF, Maeda Takiya C, et al.

[

Antiaging treatment of the facial skin by fat graft and adipose-de-
rived stem cells [ J]. Plast Reconstr Surg, 2015, 135 (4):
999-1009.

[14] Dong L., Hao H, Xia L, et al. Treatment of MSCs with Wntl a-
conditioned medium activates DP cells and promotes hair follicle
regrowth[ J]. Sci Rep, 2014, 4. 5432.

[15] Huang S, Feng C, Wu Y, et al. Dissimilar characteristics of um-
bilical cord mesenchymal stem cells from donors of different ages
[J]. Cell Tissue Bank, 2013, 14(4) . 707-713.

[16] Zhou L, Chen X, Liu T, et al. Melatonin reverses H, 0, -induced

[

premature senescence in mesenchymal stem cells via the SIRT1-de-
pendent pathway[ J]. J Pineal Res, 2015, 59(2) : 190-205.
[17

[

Prockop DJ, Kota DJ, Bazhanov N, et al. Evolving paradigms for
repair of tissues by adult stem/progenitor cells (MSCs) [ J]. J Cell
Mol Med, 2010, 14(9) : 2190-2199.

[18] Von Bahr L, Batsis I, Moll G, et al. Analysis of tissues following
mesenchymal stromal cell therapy in humans indicates limited long-
term engraftment and no ectopic tissue formation[ J]. Stem Cells,
2012, 30(7) . 1575-1578.

[19] Haynesworth SE, Baber MA, Caplan Al. Cytokine expression by

[

human marrow-derived mesenchymal progenitor cells in vitro:
effects of dexamethasone and IL-1 alpha[ J]. J Cell Physiol,
1996, 166(3) ; 585-592.

[20

[

Kourembanas S. Exosomes: vehicles of intercellular signaling, bio-
markers, and vectors of cell therapy [ J]. Annu Rev Physiol,
2015, 77 13-27.

[21] Kinnaird T, Stabile E, Burnett MS, et al. Marrow-derived stromal

[

cells express genes encoding a broad spectrum of arteriogenic cyto-
kines and promote in vitro and in vivo arteriogenesis through parac-

rine mechanisms[ J]. Circ Res, 2004, 94(5) . 678-685.



CN 43-1262/R " [E s fikalifb 244 ks 2020 455 28 %55 11 4

1001

[22]

[23

[

[24]

[25]

[26]

[27]

[28]

[29]

[31

[

[32]

[34]

Henning RJ, Dennis S, Sawmiller D, et al. Human umbilical cord
blood mononuclear cells activate the survival protein Akt in cardiac
myocytes and endothelial cells that limits apoptosis and necrosis
during hypoxia[ J]. Transl Res, 2012, 159(6) : 497-506.
Gnecchi M, He H, Liang OD, et al. Paracrine action accounts for
marked protection of ischemic heart by Akt-modified mesenchymal
stem cells[ J]. Nat Med, 2005, 11(4): 367-368.

Mirotsou M, Zhang Z, Deb A, et al. Secreted frizzled related pro-
tein 2 (Sfrp2) is the key Akt-mesenchymal stem cell-released
paracrine factor mediating myocardial survival and repair[ J]. Proc
Natl Acad Sci USA, 2007, 104(5) : 1643-1648.

Timmers L, Lim SK, Arslan I, et al. Reduction of myocardial in-
farct size by human mesenchymal stem cell conditioned medium
[J]. Stem Cell Res, 2007, 1(2): 129-137.

Henning RJ, Burgos JD, Ondrovic L, et al. Human umbilical cord
blood progenitor cells are attracted to infarcted myocardium and sig-
nificantly reduce myocardial infarction size[ J].
2006, 15(7) : 647-658.

Henning RJ, Shariff M, Eadula U, et al. Human cord blood mono-

Cell Transplant,

nuclear cells decrease cytokines and inflammatory cells in acute
myocardial infarction [ J ]. Stem Cells Dev, 2008, 17 (6):

1207-1219.

Rajendran RL, Gangadaran P, Bak SS, et al. Extracellular
vesicles derived from MSCs activates dermal papilla cell in vitro
and promotes hair follicle conversion from telogen to anagen in mice
[J]. Sci Rep, 2017, 7(1) : 15560.

Mitsialis SA, Kourembanas S. Stem cell-based therapies for the
newborn lung and brain; Possibilities and challenges[ J]. Semin
Perinatol, 2016, 40(3) . 138-151.

Rashed MH, Bayraktar E, Helal GK, et al. Exosomes: from gar-
bage bins to promising therapeutic targets [ J]. Int J Mol Sci,
2017, 18(3): 538.

Willis GR, Kourembanas S, Mitsialis SA. Therapeutic applications

of extracellular vesicles:; perspectives from newborn medicine[ J].
Methods Mol Biol, 2017, 1660 409-432.

Kowal J, Arras G, Colombo M, et al. Proteomic comparison
defines novel markers to characterize heterogeneous populations of
extracellular vesicle subtypes[ J]. Proc Natl Acad Sci USA, 2016,
113(8) : E968-E977.

Lai RC, Arslan F, Lee MM, et al. Exosome secreted by MSC re-
duces myocardial ischemia/reperfusion injury[ J]. Stem Cell Res,
2010, 4(3): 214-222.

Arslan F, Lai RC, Smeets MB, et al. Mesenchymal stem cell-de-
rived exosomes increase ATP levels, decrease oxidative stress and
activate PI3K/Akt pathway to enhance myocardial viability and

prevent adverse remodeling after myocardial ischemia/reperfusion

[35]

—
(5
N

[

[37]

[38

[

[39]

[40

[

[41]

[42]

[43

[

[46]

[47]

(3o

injury[ J]. Stem Cell Res, 2013, 10(3) : 301-312.
Reis LA, Borges FT, Simoes MJ, et al. Bone marrow-derived mes-
enchymal stem cells repaired but did not prevent gentamicin-
induced acute kidney injury through paracrine effects in rats[ J].
PLoS One, 2012, 7(9) : e44092.

Hisamatsu D, Ohno-Oishi M, Nakamura S, et al. Growth differen-
tiation factor 6 derived from mesenchymal stem/stromal cells reduces
age-related functional deterioration in multiple tissues[J].

2016, 8(6) : 1259-1275.

Aging,

Du WW, Yang W, Fang L, et al. miR-17 extends mouse lifespan
by inhibiting senescence signaling mediated by MKP7 [ J]. Cell
Death Dis, 2014, 5. el355.

Gombar S, Jung HJ, Dong F, et al. Comprehensive microRNA
profiling in B-cells of human centenarians by massively parallel se-
quencing[ J]. BMC Genomics, 2012, 13 353.

Yu JM, Wu X, Gimble JM, et al. Age-related changes in mesen-
chymal stem cells derived from rhesus macaque bone marrow[]J].
Aging cell, 2011, 10(1) : 66-79.

Boehm M, Slack F. A developmental timing microRNA and its
target regulate life span in C. elegans[J]. Science, 2005, 310(5756) :
1954-1957.

Liu L, Wang Y, Fan H, et al. MicroRNA-181a regulates local im-
mune balance by inhibiting proliferation and immunosuppressive
properties of mesenchymal stem cells[ J]. Stem Cells, 2012, 30
(8): 1756-1770.

Davis C, Dukes A, Drewry M, et al. MicroRNA-183-5p increases
with age in bone-derived extracellular vesicles, suppresses bone
marrow stromal (stem) cell proliferation, and induces stem cell se-
nescence[ J]. Tissue Eng Part A, 2017, 23(21-22) ; 1231-1240.
Lalu MM, Mclntyre L, Pugliese C, et al. Safety of cell therapy
with mesenchymal stromal cells (safe cell): a systematic review
and meta-analysis of clinical trials [ J]. PLoS One, 2012, 7
(10) : e47559.

Lee AS, Tang C, Rao MS, et al. Tumorigenicity as a clinical hur-
dle for pluripotent stem cell therapies[J]. Nat Med, 2013, 19
(8):998-1004.

Peterson SE, Garitaonandia I, Loring JF. The tumorigenic potential
of pluripotent stem cells; what can we do to minimize it? [J].

Bioessays, 2016, 38(Suppl 1) : S86-395.

King NM, Perrin J. Ethical issues in stem cell research and
therapy[ J]. Stem Cell Res Ther, 2014, 5(4) ; 85.
Yoshihara M, Hayashizaki Y, Murakawa Y. Genomic instability of

iPSCs; challenges towards their clinical applications [ J]. Stem
Cell Rev Rep, 2017, 13(1): 7-16.

)



