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8] 78 BT AR AR R AR 32 BB AL B A ST gt R

HRE LWL A
(b AL R A E AT IR A 71, L5 100191 b 5K 32D 430, A1M/EE 7, L3 100191)

HE  KEREABAMETRBEN S D mE, TMAL @it eRteiEY, m LA
5 M m It & A iE kT, BAAREEAS 2] E})%:'T‘élﬂ}]b AH ARG G I At BenER
M Z—, BRERESNRBRAREM, TE2OFHREARET. AREZEE., L. @Rk
ABROBNER %, % 542 546 FB%TH F A 4R F 09T R, EEARMK—AmIeiE 45 5] 5 —
Nmfe, % ﬁﬂiﬁﬁé%, ) 4o LA . BAARDNAR LR LT F% B TR B P RO
8 B 5, AR S| R KAARAN AR T 00445 B AR iR, i XABERALRMIE LR T ta bt
ﬁ%é’]”l‘:\ll«%iémﬂbéﬁ%%i FIF e EALAREEFS 6 7T fe | AL Eéﬂm«‘m@z#&%/ I7H EVER

XBEIR  LRRARRS; PRGN AR E

Progress on Mitochondrial Transfer Mechanisms of Mesenchymal Stem Cell

HUANG Qinglei', SHEN Li"**, DENG Yue'*

('Beijing Cellonis Biotechnologies Co., Ltd, Beijing 100191, China,
*Department of Cell Biology, Peking University Health Science Center, Beijing 100191, China)

Abstract Mitochondria are maternally inherited multifunctional organelles, which not only regulate the
energy metabolism, but also the survival and fate of stressed cells. Mitochondrial transfer is one of the emerging
mechanisms through which mesenchymal stem cells (MSCs) can repair injured tissues and facilitate wound healing.
Several modes of mitochondrial transfer were discovered, such as formation of tunneling nanotubes, gap junction,
microvesicles, cell fusion, and endocytosis. Multiple signaling pathways can promote the formation of tunneling
nanotubes for mitochondria trafficking from one cell to another. Different stress signals, such as release of injured
mitochondria, mtDNA, and mitochondrial products, or the elevated reactive oxygen species promote the transfer
of mitochondria from MSCs to the recipient cells. In this review, we provide an overview of the current literature
on mitochondrial transfer from MSCs to neighboring stressed cells, and further discuss the possible mechanisms
mediating their intercellular transmission and the therapeutic application in treatment of tissue injury.

Keywords  mitochondrial transfer; tunneling nanotubes; gap junction channels
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MSCs b JE RIS, SRR A 2 K AT E
TP HEF RN, TEBIRIRIT e 2 a0 . i
FLR A, MSCsBRi It 43 b B 5% 73t AE F B 352 44t
L DA B2 24 -5 200 e P R 3R 38 £ R 4% S A
BUHIAh, EZLIE L 55 L R AEEH, 5% A
ZURE 245, MSCsA 51955 73 WA E B T LU i
TR PR AR MR ER -\ 7 A A B i (S B A A
TR DL R SRR 5 4% 55 07 ok SE BT, Horh, ZRKE
PREE RS IR AR R DL — FIMSCsE AL, 752
P SB35 Hh 7 B R A

R R A A% A I R R I I B B A Y AT B,
HA B2 ML, N PIRDNA, 0] 7 b ik 47 2
AT F) 2 S R R 11 Joi 9000 28 6 00 PR O R, (L 2 SR R R 3
SRR 2 A0 MR AZ L IR R T %, AR T AT Bl
(fusion)5 77 R (fission), A& — Flt iy FE 3l 245 1 17 1) 2
B VA0 A AT W L3 4 i Y 4 R ADNAK
JE21°416.6 Kb, AT 4atih e il L1185 -2 5% 4
T R A Js B SR g 52 S W (R 134N WP 386, D K i o
B3 R A FE2 N X BEAARNAS(rRNAs) fI22 /N ¥ ia
RNAS(tRNAs)® ., e i 4 Ty e [ i 2% 51 K8 11 5404y
TR 2 DR AN TR A S, SR £
P () R AR R R e, it i o0 O i 8 9 9
X B DA R 4 A0 FH B R 2R BR IOE S5 2
FROBRAT PR 40 M SR IR ) IE S 2ok R e
BB TH e B A5 (1) 5L A I, AT 8z A i
PR IR 2R A, S B i ) A PR I
HIELPE T, BV R S B IE F AR 2R Th RN

BN 2R R AK () EL AR ON0.3~1.0 pm, 21 N 28 ki
A (BB S A R 2 R R A FHDIR A5 %, B A Eh
Y — M ES A R E BT ARk, hifdg—
Folr i B2 S A AR AL 4 B 88, I AR #B A2 LA Ar B0 A
T ARAFAE, A B TR P 1 e 2, 23 AA (1) )
AREE R IS A WIS B 4 ZLRN A A R 2R
PRI 28 RS S, DAIE R4 M A [ AR BRRAS X RE & 10
iR LRI Rl A R 24 dynamin2E GTPH Fr
WA, IX A A BURE S R X 2R R R IE DR 1
KRR EEN, g R, KERRAZ (7] 2
HEAT W0 RN 15 JE 10 BB B 5 RN 40 T, T e PR
AR PR T BE S TR AR B RN Zekiik | AR
& IR0 L P 6 i S R AR R HE— BRI, 2 I
TAE P 0 A0 P o it ok B2, RV R B 4 O R AU, 4
368 gk 2 Ak 2 BN i DA R B R Ak Wk S 3 R 11

R, W BCRERRA TR K/ B
FEAH L H AL B 3 A

FELRLR R L, B2 S Re s n A,
ST R IR F AR I I B A SR R AR
P BERR LI, an R AoRi A iy 7 4% 35 B b 1R R I il 55
G R AR, e S EUE SR H B (reactive
oxygen species, ROS) )77 A= 061, 3t 4F KA 58 K 3,
PN E R FIROSTIE NG 570 T2 HIHA
B WU, 2R AR R BT EAL VI B RE AR BRI
T P AR T 7 DA R 4 N O A D, AR
T D) e 2% B 2L AR To A7 RO i (8] 7= 4, 2%
HROSHIAR I 51 40 S AL A1 BeAh, fE R
WOIRATT, 4L T B 1 AS B 4 R bR AR 25
M FBOL D) REFERT .

1 SRSEBHEYEINR

Spees520F-20064F 14 RV 52 B 2 ki 1456 4% (1 B
R, AR KR T RE 50 1 NJR_E R 4 I (A 549 rho cell)
FIFRIE T bR FIMSCs 3L 55 7748 R, JRAR T 2R 28
RN DN -1 8 S S SR N
MSCsl¥] £k ¥ ADNA (mitochondria DNA, mtDNA), Jf
HEZE T IEFRERARFR IR 25, A2
U0 LT RN UESE T 2R R I %, 1 Hak 5%
B FE IR RS (1) 32 B A2 PR TE 49 K 4 (tunneling
nanotubes, TNTs)?'*), TNTs A 41 jg [7] {5 S A% 126 52 it
TR IR, AR A AT T 2 SR TNTSAH B, H4)
TG PRI T RIS 5 i PR 2 2 TR A P 44,

PRANEE TR R I, BRE BT AR A 2
HH LSRR IMS CsH RT LU 240 A4 6 72 30 1 30 1 12
B (GRY), FEWR B2 AR 40 Mok 1R B A AT
W DI RET . BR 40 W] B A Aok A A, HoAth 2R A (1)
ST B T A A M AN b B AR, R B RS 2R R A
[P RE 30, GRS 2 it Al B A, 1
SEY R T, BRI MSCs a5 4% 41 i 1% 75 28 1A,
A A% 358 0 AN i P 2R R R A= B R, I SRk
A, I RE 2 3 O AT SRR E FH AT P (8
LRI T AN BE A 1] 52 14 240 B (1) 9 12, 348 v X 45
P VM BEATAE B, 2Rk T e = 90 A I IR
WG YT B A T8 B SR T,

2 KRR BRIRE
LR PP RS IR R A SR AN TE S R e
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F1 BHELRIFEHAIMSCsER R B IMR

Table 1 Mitochondrial transfer from multiple tissue derived MSCs

JF5 MSCsHh AR fEH Mgt Z2E R
No.  MSCs type Recipient cell Action Transfer mode Reference
1 Wharton’s Jelly derived MSCs ~ Osteosarcoma cells devoid ~ Mitochondria function was rescued  TNTs [25]
of mitochondria
2 Lung-derived mesenchymal Human BEAS2B epithelial ~ Repair of damaged bronchial TNTs, microvesicles and [27]
stromal cells cells epithelial cells gap junction
3 Bone marrow derived MSCs Macophages Improvement of phagocytic capacity Microvesicle [28]
4 Adipose derived MSCs Cardiomyocytes Reprogram adult cardiac cells Cell fusion [29]
towards progenitor like state
5 Induced pluripotent stem cells ~ Human airway smooth Attenuation of oxidative stress- TNTs and microvesicles [30]

derived MSCs muscle cells

induce mitochondrial dysfunction

PRI, BRATARAL TR RIS R . bk
B k2 Figtz, b3 EEL TNTH IS4, vl i@ i
BRI . MM R . AN Rh & Rk R
PR A% DL R Al N 755 7 AT #6185, MSCs
RS THRE IEH I ZRAA, 1T 4% ¥E4T i Y mtDNA (1)
AT, T EE AN A 2ok A i Bh A AR A, 4 RR
BN A P LR AR AR A, DAV 2 SR 40 i 25 b A 2
BEFEFT T O RE B 4 A )R AT 40 A B 1 A e AR 3R
T PR R 1 4T R VR T 3R, T AR VR B ) BRR
W) R AME 5 280, AFE /N o TP 5 A0 1 DA B 4
JLTA)2H 73 tn Ao ki fA . VS A& . A 44 /)N it (endosomal
vesicles) FIZH i JiE 2H 75 Z 02
2.1 TNTsN SR AT

TNTsA& — B A1 5 20 it [B) VR A 32 1 2R
I, PR AN LA R 2T 4 T LB B I (Factin) R
& A (microtubulin) Ay 7= 1 41 BT 1 22 A% 43 28 A4,
TNTsH )72 HH Rustom&5 PI7E NI 29340 i A1 K B PC12
YR SRR TR AR R RN, 25 NAE RS, R
ST H o 2 T T UL PR 40 P b U 2 31, HEWI TN TSR
A RE A LS4 e 1R 3 A7 7 P — g i 7 QB¢
TNTs I BRI AR B BRI e B, KL
A umF 100 pm2 78], H %4846 M+ L A~nmE] 1000
nmUL_F, FHF O L A B AN (B 4£<0.7 wm) RIS
(BEAZ2=0.7 pm) P PR A5 21 B ] I TN Ts i 2
BN VER R B L, B PERIETNTs— B Ak
T AN W R ) R SRR 2, LT R R SR AR
JURHBR L0 5 5 M 2 i W TN TS A 0 T i
[Fi) B S 905 T (A R A2 A4 B P AT L . MISCs 5 #0441 il
T3 3o 2 B TN Ts P o 205 1t 30 4 40 2% 60 A, o 2%
R EEFE ) E ZIRE(EA).

22 [EfRERBEN SHERAEER

8] B 3% % (gap junction, GI)H [A] fZEH A
(connexin, Cx)~ % 4% ¥ (connexon)F [H] Fi % £ 18 i
(gap junctional channels, GICs)4 i, #& #H 4K 4H i 7]
BEAT W) 53 A e AME 5 S0 ) B E R, 4 L
61> HH [ B Cx [l G2 A8 IR 495 1) B0 32 4% 7, AH <08 21 i
I L B A 3 1 i 0 i R R G, o TR B
GICsTH] o ¥F & F(Na's K'. Ca*™%). 5 (5 fd[in
=R WLEE (inositol 1,4,5-triphosphate, IP3). IR
% (cyclic adenosine monophosphate, cAMP). ik
R 55 1F (cyclic guanosine monophosphate, cGMP)] VA
S [ R A5 I N o A R AT A P
FERMESN AR, Cxo B 22 25 R X I 4 A 1) B AT
FEE MBS IR E, H AT 2R I202 FCx LA, H
HCx43 R RIB T2 W FLHm AR 1) — FhCx LAY,
25 7 — RN AR, Gl ici. #idis
B LRI IEIR RS T B A5 I 4 B AR T AT
RN, B BEAIE IIMSCs 5 45477 (10 il b Bz 40 g 2 18]
TEH T T Cx43 4 i I GICs, MSCsH iU 2% 26 ki
PRI 2230038 GICs B3 il b je 4i i, 2 il it
AR BRI . Bk ii i GICs e # 2| ifi s 1 je
YL —MSCs a7 i3 i) B 2L 2 — (K 1B).
2.3 BT SHGRIAER

MSCs ] 3 i ol 4 2R 1 5 7% 22 L e 4 i
i AR/ F100~1 000 nm [ f)—F i 41 i,
N J5T J5E L J5t s R T8 A, AR Dl v P i,
PR AR R 5T P9 A S T PA U R 4 i A SR )
AR, R FERLR R, 1 JeMSCs™ A1
2R AR MImtDNAs 2 1 G136 )5 3 WA S i B 5
BE3 11 %2 (autophagy marker light chain 3-containing



TR A T8 78 T T A B LR A L RS LR AT e 0k Fé

1825

vesicles) ™, 2R J5 BEVRIE AL 3041 0 & 0 -84 2 4ba)
IZEd . MMSCsZ R AR S E &= B
JERBEIR T AR AYE T AR R T4 AL
B QAR S IR B . Sk DL SR B TR P A TR
NS IS, 40 Ak AR EE A, DL 3 0 7 R4
JRLTR B 7 AR G . A T B R T i £
o A L R, B 4 St P 1 R T B,
T A 1) 28 R AR RTmtDN A %5 B 20 5 7% 22 50 40 i 1)
AHH 5T I 1C).
2.4 ‘ARERLE N SHLRIAER

Y MR (cell fusion) & Fi P AN BE 2 AN JT 1 41
P e A P R, T R — AN Al i ) AR, RE S
{100 24 B A7 S A2 i ) s A% 45 IR, 3R FH 40 B #8 F0
BT A A JE I ) 2R R AR DN AR 41 il % DNA
ZAVERIE T R B, AT Rl AN 2 2R AR B R 1 =
BIRAN, fEmSEZAEYIEE AT, 4
R R A TR AR, (ELE S 20 ) — e A 1 A
HIED), 28— RIEROHREE REE, ik A
R SAE T A 0T LURAEW (D). 4 Rl & B 5

(A)

Tunneling nanotubes, TNTs,~

BLFE AR ANER G AR MR A R AR K AT 2
Rl J5, 2% 20 20 i 3k FH 4 B 5T 20 73 ik R e 25 A it
AR, 24420 M i =5 g B2 T R I H A 2R S
T/ A0 R P, B I A R S, SR VTR 4
e 1) 490 J5 R 5 (10 52 #6045 R A 4 i 282 44 11
T, 2R A A AR 40 il 5 MSCshil & J5 1] A 3 AA
PR B m A, A THR R HA, HAfEs sl
FEAE BBAE. OB BaiE. Rk A ) i 45 2
FhLA 2R B AR UL 3 40 B il PR I 100
2.5 HHREAEN SHERIER

41 e P9 % (endocytosis) & E 1% 4f il i it 41 i
JIE PN 6 T B FE T, % T A 4 Jo 5 B 3 48 i N 1 i
e, FEAFEEE/EH (phagocytosis) L AE H
(pinocytosis) i A B, MSCsTE 48 i A 1 114 3] 3
SRR AR, AT TER W, A R Bk A T
Wt 0 M AR BRI ETE) . R
R AE F (macropinocytosis )i ok Jii 5 45 48 L 25 N 4
U RSV 58 SOM AR AR F, 2 B A FH i — s 089
A R AA BE AT A 1 I FH 3 40 e 2 't R A% A

@ Mirol: mitochondrial Rho-GTPase 1

Microtubules
\ inside of the TNTs

***’

Injured cell

Retrograde signaling

(B) Connexin-43

Gap junction

Injured cell

(D) Injured cell

Cell Fusion

Injured cell

Released mitochondria
(E) from stem cells

Internalization

Injured cell
A: BRIEGUKAE N T IR IR B, B [MBUERA S IR, C: RN IR RARER; D: AR &N 3 AR R E: WHIER
FMERARER .

A: tunneling nanotubes mediated mitochondrial transfer; B: gap junction mediated mitochondrial transfer; C: microvesicles mediated mitochondrial

transfer. D: cell fusion mediated mitochondrial transfer; E: endocytosis mediated mitochondrial transfer.
Bl SRAEBHERREZERANS

Fig.1 Multiple modes and mechanisms of mitochondrial transfer
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S R SRR I, MMSCs 7312 H R 454 52
I HIDRE IR I ZRiAA, RE9s gLk TR 0L
2 5 KR AR PR B, AR AR IR 0 UL
I RT3 3 A 22 R ) 2 L P A B R A, it A
B IR I HSE A, 20 A A A R S i bt A
RIBHIG 2,

3 FMGRLATE R RIS

SRR B S 15 5 5 B N A i R RS T
M SCs#5 W Jm) I Sl P 456 1R R UM 5 S BEAT 2R A4 1Y
KEG R, & B GRARAER E KA N A
FERAEHEAT He A% o WIFFT RN, A8 il S U b B 4
Fali, BN B A, A N R A, A
R A0 P BTVRA K i B J5T A 48 e YA 2 R (Y A0 Jifg o,
b A T EE R B TE 9K BT ST AR DL
11 32 B 1 5 MSCsHEAT 41 Rl 5 5 B 2R A4 1)
%, JF 2 BOC UGN M E g A 2 00 O WA A0 R I
RRE, HET 58 A 00 O LA R S 2 dokifA i g
T R AT e 7% 2 SR AR AE W S B M BB DL,
WAEGTAE YD IR G R FERE ™, 2 Tarp ol S 5
A TR M AL B AT ANTE £ .
3.1 fAGNAREBNERES

LR B A% AN PE AR S A0 0 T T e 1k e b A
B 20 Ak T ORI (18] G 48 A B4 i 45 17),
i 708 N OTR 25 7T B 40 i e e g B, A
MSCsRIF ALK FL 72 () 085 S BRATE
HAI, VF 2 BRI AR 5C 4 73 2 BT 30 452 403 1)
A1, X LE L 73 B AR O 2R A 4 5 AH 5 B 73 1A
H.(damage associated molecular patterns, DAMPs), £,
FEmtDNA. N-formyl peptides. A~NATP. TFAMAI
LV I (cardiolipin) 5, B AT SR AR AE B 405 AL 44 A A
B R BN ML VEN MR BhAh, R 4
107 B A AE RS T, BT 453497 41 A1 ) Sk i A
Bt A] UAE ADAMPs ), $53 45 4 i R 5 ) 26 A
BmtDNAE A Jay IO 856 1) SR A5 5, BT e [l A
G A0 B8 5 o e P 1 B2 A4 VR 5| A R S ) e
B AL, IR HEMS Cs T8, it &K MSCs i 4t fitd
TR ThRE, 75 FMSCs™ A BA R DI BER ML R
A A 1 (heme oxygenase-1, HO-1)FHil i 26 ki A4 1
WG B,

FRDAMPs#h, BLg R RAERZS T, 40 MR TR
ROSH, B8 % 5 2L A DL 55 400 1) 32 5 44 L 1 7

RO, AN B 3E R 0= 7K P IR OSAE sk /=
7, U5 FMSCs# % AOR AR AT T 1 522N A A
RTINS A i SRR TR 40 i € 3R
c(cytochrome ¢, Cyt c)tH BE 1 fisl i 2e For A% (1) 4% £5 159,
AN IR S R A% I PC 1240 i, 7241 B A 1 f
B Bod i B Cyt on] 755 5 H LR FR IMSCs 2
[F] T A TNTs, MSCs#% #% 1E & 1y 58 (1) 4 KL AR AT 15
RO FIPC1240 B, DAMPs. ROSHICyt ¢%5 £
FifE Sl & T MSCsHRIF R RAR LR, Bl R 57
R VEBL SRS 5 2 an T EAT 5 3 00, B AT
A
3.2 MSCsHBMERLIARIVEIEHLHI

MSCs % i 21 87 240 B fish 1) 2R 44 e 7% 15
TG, S GOk BE AT 0 1 T A 20 i Y R
Jile MSCs ¥ # Ty e 1E 5 1 2Rk 2] 52 14 41 i,
mtDNA R AL 111 5 B BE 7 8 1 2oL AR A o A2 e
1, MSCsRETANL A Z 7, 23 iiid oA 5 )
77 i bR B 5 Dh e 5 AR, IR E BRI
SR AR AR 5 200 i 85 300 T S0 5 i) ok 31
4 it — PiE BRI, MSCsif b B & Thae 7 5 I 28
WL, XF F T 5 5 AR ) AN GH L A7 S B
BUER . MIX— 2RV, MSCshe#% 2R i A UAL
e — MR A A AT Oy, X S E R —MhE
BRI ERAP LA

H AT ORI, 2ok 78 40 i N 1) % 12 G 30
772, WSS B AN i N 2RI RO . 5B
12 fU 8 A 5% B [ (microtubule-associated proteins,
MAPs) /5 A RLARLE AL N IR 30 Aok A A(E
2 B PN B A% 2 S AR A S5 4 L R B g AN oy
T HIkE A, MR GO AR LE AN P B A% R = R o A
1) = 7 207, B2 A SR Al v ) R A 1)
GORLAR TS SE A 78 28 0 A0 R S, R AACNT 32 4441
WIS 5 A2 2R R RS 51 (10 18 B2 TR LS AR Bt
A 20 B PR R 5 A TN, 2 A E 4 L PN 1R % B AT 2R
R B A B Eh, T HIX I R R A S U
WA 3R R MAME TN IR, EBR
MM IEHR, P2 E K K F(nerve growth factor,
NGF) ] DME RTS8 %5h R ZoRi R 72 41 g 41>k
JEIINGF T R, MEREOMEZSE T
A5 5T A0 N BRI IR 55
3.3 TNTsRZRLATE R R IBIE

A 200 0 1 52 A 200 i 1) T2 BRCTN T 2 467 4
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P 1) FE i AF . Mirol2 — P8 Uk v 1 42 B 1 (2R
Fi A SM R Rho-GTPases) ™", HE A 28 i 44 Fff 25 T KIFS
WishiEE b, 75— R & B WiMire2. IK3E A
TRAK1/2. HIEREE FAMyol0/19Z5 (15 B R, PhBhZkki
PRI ETNTSN (308 #2 872 Mirol (1) B 2K I A 52
MATNTSI T i, (HAR KFR B E AR T 2R R AAETNTS
PG RS I T, ok B R A Miro 1 (IMSCs I H B 5
(2 RLAR 72 e T A1 A0 i P ie B Re 07 Rk
L N Ca* (1 F i 5 LR RS 313 A 9K, Mirol
LI S R T LR A4 X Ca F) 5 HUM T 5 M) 2 R A 7
TNTs N I 303 EVI(E 1A).

RE 8% I TN T2 B0 0 o7 3 260, 4 i 8 S 4
[A|-¥-a(tumor necrosis factor, TNF-))!, ROSFHIM-Sec!™
%, TNF-affi4b B 5 MSCs# ik ) TNF-alP2(TNF-o
induced protein) i 1, 383 TNF-0/NF-kappaB/TNF-
oI P21 5 i 4% ] 75 STNTSHI I ™. o7 3 41 B i
f) ROS tH 6 1% 1% NF-kappaB/TNF-alP2 15 5 i i,
7 STNTsHI BB, M-Sec#e — Fit I 7L 3 ) % ik
IR A, PRI ACNT0.7 pm) TNTSHITE R, X286
TNTs N R &AM A S T8 40 E 22 e
Cdcd2f& —Fl /N3 T IGTPase, {44 241 fifd fr) 2 ifa st
2 JE FETNTs ) 4E fif ok 7 o ke 21 58 224 VO, 7
SR R IMS Cs I 22 2 1 1 1S 788 44t i 3 355 2% 1)
FH R B, CD384 T 7 TNTs I i Al £ b 4 (1) 5
U, Ak, XA 5 40 B B 58 & B, PS3FRI B
T RTTNTS 1) JE pite 31 22 4E H, A F5EGFR. Akt.
PI3KMImTOR A5 5 (1A # 2 5 BITNTs 1 it
FES,

LR RIARTETNTs Y R1I2 2 XA 1), DhRE IE# 1)
HRART] AMMSCsH % B2 AR N, SBECIRAES T
SZ AR G B P 453 4 ) Bk A4t 1T DLB S TN TS #% # 3
MSCs!, FHE0E K /115 S HO- 15 51l i, i 4
R A B 7 ERBEMSCsTi BR™ . R4 4% ) 2 R A4
A, N AL AT 8 S TN TS [AIMSCs# # ROS 1 Ca®*
S5 LA S SN i Y AMP/ATPAINAD/NADHIY)
FbAE %5 180 47 15 5 (retrograde signaling)®Y(E1A). 7E
SR R 4N B R 78 AR R B, CD38 AT LAE R isi4T

&SRR PR RS, TNTs N AT (55—
i ] g F S R A AR ) BORE % 1) B T PGC-
la(proliferator activated receptor gamma coactivator-
1) IE KT, HIEMSCs P 26 b7 4% (1 A2 4 6 i FH 5%
R0, 5 — T THI AT R MSCsHT 40 I T A g #5455

BRTIHE,

4 LRAEERERRATPHMER

MSCsHES BRI N A R I 2 R A SE DAMPs,
HBOR FARAE RS TE 1R 75 41 B 7K 7 11 44
AR FR LI, 38 AR B ) A 2 A S e
MSCs#% #% ) 2o b A4 # FL AT . 25 0 H0 ) 8 T2 IF 488
LA O E AR BT e A R i B EH . 38
— 151 N FH SRR 1R i PR IR FiTE, SALC LR I
FRREVERU (0 ) LR 8 2 d i B AR UR ) 2ok 14 7% 1
J, AR B O LR D e AT 2 W] B g™

PR A3 3% 5 5208 1, MSCs 50 LA f B,
Fe A ftel, SCARE B R AN A b R 2 T
Fph 28 T A M PO SE IL 8 F% dd ik 8% IR 1 4 B AT
RN B A R AR v B e T 5 AR O R
11473, 2> M5 BIMSCs [a) N J504H i e £8 2 4 1 3L
Ro BRLR RS J5 400 1 4 B T 1R B0 G bk B
IV, 4570 200 P P e B A QSR A B R ATP 2. 25 14
FEB WK & TR BRI R 22 PR 1) Bl A5 1Y
SIS v WL %2 BIM S Cs % 7% A R AR B B 5%, 45 Gl o
JUL SR AR AL LPSHE S B S 1 il 45 A1, £ e
M 5 00 AU b R B A AT R B S 5 Y
G AR IR b R AR A5 4557 S A e A R R A A SE
Y5 ik — PR S, B AMIE M SCs i AT A ] 453475 1)
S RN A 0 e % Tl e T I SR A, 8 I 19 n R
A H PN 2R A B AR R, KR U TR ) SR A T
TR A BERE DL S ATP I AE i, A2 320 2345473 18 S 1
H.

A SN FAAR P SEER A F 352 B, MSCs ] B R4
TR 2 LR AT BT R 2 i 3R Y R B AR R R
PN 18 27 A {iE (acute respiratory distress syndrome,
ARDS)HE T i MSCs >R 5t 1 28 R 4 5 5 21 [ 10 24
1, REHE iy Bk 4 1) A T IR A 7K ST I 1 5 HL
Wi Dy e, ik 240 AT 1) T 23 A B B AT 0 AR T )
M2BYES SR, IFARFTA 2R £ I R A2
FIH, MSCsETE 3= 20 i SR Ui (1) Ze ki A4 7] DL AL 2 3]
Z FRCBAE R 0 B b, B FL R A . P S 4
M. ZRUEEHEEAR. BOZEAR. SHH
L9753 4 i A0 g Joia B 248 g, T i o o 400 PR ) O AR R
& 38 DL OGRS IR 24 1R S5 0004 . ] AR A

BELBTTNTs FA) 7 BRAM A R AR B RS o
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