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Abstract

Mitochondria as the central organelle to maintain cell energy production, metabolites regulation

and cellular homeostasis regulation which function as the center of cell fate. Besides the nuclear genome, mito-

chondria possess circular genome called mtDNA (mitochondrial DNA) which participates in the multiple function

of mitochondria. This review summarized the function of mitochondria energy production, cell fate regulation stem

cells, cell death, cell senescence and disease. Mitochondrial DNA, mitochondrial dynamics, mitochondrial disorder

and treatment of mitochondrial disease are mainly elaborated.
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AA IS . MM, A R
RNEENES ARG , i BERE R S — R VIR )
NAE R S B A(coenzyme A, CoA), CoAREN =

LR AAE AN <3 ) L)l e . SRSy s . SR P RIE R AT KR AR AriE, F 2 ST R AR SR

WERRRE . TAIf . MM TN A A A

As the “power factory” of cells, mitochondria regulates cell fate through energy metabolism, mitochondrial dynamic changes, oxidative stress, and bal-

ance of redox equivalents, and participates in important physiological processes such as gametogenesis and fertilization, embryonic development, stem

cell differentiation, apoptosis, and senescence.

E1 kiR 5 mBE s i 12 (A B B Figdraw#2 #l)
Fig.1 Mitochondria and cell fate regulation (by Figdraw)
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FRIRTEA (tricarboxylic acid cycle, TCA cycle), /=4
) /51 HE HE i i 1 4% 33 B (electron transport chain,
ETC)idt— 54 il ATPP,

KR 1 AEREE AR TR AR E A FH AL, ZRRiikidiE
I FEAN [ (R4S 523 7 B TI0ES 21X 41 i diw iz A1 Th
REE . Horr, CoAstEAE MU R4, F
BDLH R B R o AR ) T XS 5 e o i
B TCAYEH AR B AT LAE N 4H 2 2 1
BRI RS, I 4 AR IR R R R IA P, 5
TAEILHM A () 55 A5 At 52 BN AR A4 i i 42 1, 2
A4S 388 T T R A T B A A BT R ) AT
&, A S ARG A B A B [EINAE
M BT T AN SOE TR AR A, SRR i s 40 it R
c(cytochrome complex, cyt ¢)[IREL, MM A 3l cas-
pase i 1 21 J ZE T RN 98 E A 5 B 2% Bk s 2 L0, 41
JH PN B9 12 48 (reactive oxygen species, ROS) 2k A
EEB. RPN DNA, LR AR IS 5 ™
A ROSHIEZ ST, M2 5R ML . OMmE%R
T R R 22 1R AT 1 P R AR R R U8, REE N
AU FE T E 29, 1 S ROS/K P 2350 4 it
BT, AN I ROS . 2 5 21141 il A e AR ik
FEH, BEAG T4 Ml (embryonic stem cells, ESCs)flli7
FZ 8T 41 (induced pluripotent stem cells, iPSCs)
TE I ERFAR KT 1 IR PR ROS R4 57 25 [R 41 1Y) 58 8¢
PE, 1T ROS I FB 38 I 240 i 1) AS [F]1% 2 2040 1)
WELZEAFDL,

1 ZRifk 5 40Reae 2K

ARARAE o an i pe AR 1) S B 4 i g, 2
I BERE AR . R RGPS A A AL IR 1L (oxidative
phosphorylation, OXPHOS)Z 5 g & 1 4% . 1E4H
JHO 5 5 5T v, BB TR AN PR e 2] W RS 8 0o W I i A
PR PR, P PR 3 — 20 SR R T L B A g A
N ZRBREIN . WEEE AR AN = R BRG I 7= A W7 3K
PRI TR G e AP R4 — 8% 7R (nicotinamide adenine
dinucleotide, NADH), NADH7E it ZU i 1 AL T 53 fift
Hi e AE HL T HE N RLAR A I ETC, ETCIl i 4L [
AR S R B R AR AR, I FE SR SIS
TV 1S K A 52 TF) 5 R 5 g -2 ) P Joi 46 52, AT
B ATPIIE R, 40 f Ak T B ARSI, 48 3
B I o PR A e R, LT B B A A 1 TR B
PR AN E N ZR R AR 1) = IR ERIG I S L, 11T A B il

IR AR AL, B L IR SR
1.1 AMPKASirt1 %t i i ge 2 X 58981

N TR ANRRIRES T 4R BE B FR SR, Zakifk
T ELE G AR A& K, S RE A
K RN UAXNT ATPI TSR . BFFER I, T 7738 311 Z%
S| RRLORLA BT R P &, T R TS B A 1(ac-
tivator protein 1, AP-1). i %A Ab Al {4 14 FE V)05 52
& (peroxisome proliferator-activated receptors, PPARs) !l
22 58 R/ 75 SRR AMP-J0E £ 1 R 2 &) (AMP-
activated protein kinase, AMPK)7E i % Z& R A4 B P
AL R R B AR U, Hrh 2R AR 32 S
&N — L5 57 7 (145 NAD/NADH. AMP/ATP
A CoA) IR AL A S L 41 1D /8 &2 10 1 428 , 177 AMPK AT
NAD WAt AL (Sirt])AE i B2 A O EE 1A
PR BN ZORHAA R A& B B AR . Ho,
AMPK B8 B R 2 b A4 1 A0 A, N3 AL
PRI 77, %8 AABAN IR /N B0 3 1 AMPKEE) )
AICARFAEMG G IN LB 30 FEACHIHOE %A T,
ZIN BR VL PR 280 6 AT DA o 0 A% I ] 1(nuclear
respiratory factor 1, NRF-1) MM 3 2& L4 1) 2E 4
A BN R AR i Bt R IR U AMPK B 1
T A TS I W ) e 4R A D A 168 T 0TS 32 A v 3
V%7 1a[peroxisome proliferator-activated receptor-y
(PPARY) co-activator 1a, PGCla], PGC1la5PPARYE,
BHE P84 25 AH 9 B2 4K (estrogen-related receptors, ERRs)4:
W NIIR SCTE2 4 0K NE Y e a: 1) e PN IR S i oy
AW R LS B e B oK U NAD 2 41 g
REEACEPRS I EEAF 570 7, Sirtl EEE #ETER
HERYINAD A B AT 1 ™ ks i 721 5 AMPK
SRl SirtIEEHEE TS 520 7 PGCla, PrFALZNE
A Jo B A i RS L A 0 R R PR IR e SR T
1.2 ZLRIAROST T 4RAE ar B TR

EAE RN R, 400 3 S R i A e
B, HThREAN iy i 5 28 i A bk BE S AR ) A2
U7, ESCsAIiPSCsHI4ER 7 AL A IR TE FIROS, 1
TR I ROS /KA 540 B 1] AN [R]85 22 41 73
Mo T I AR 2R AR R A 326 B B R AR IS F 87 2
Bk AT 982 ROSH ™ A=, wT 4] 22 Re+ Mg i) 7>
1, HHETHZ R gERE Y, Bhifk DNATR AR
FETLHKAEROSHIZ , FEAK 1 iPSCs I YRR
AEIRFEHRE ST, TN Z KRBT E AL 7 MitoQUk
T RRAR ROSI ™ AE , IXAE— @R Bk 1 HE
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PR RCR FE AT 20 (adult stem cells, AdSCs)
W, RRIAR ROS Z A MU &R 1k JE H5E. kAl
LU I DB R P IR 7 2% AdSCsAb TR 4 ) 3R 85 A
I, FOXOZ G % 53¢ PR 7 Jd i uE P e A = R 1) 3%
SRR P AR ROS/K P . o, FOXO3%:
IR B3 1 70N BR A 22 T 41 B (neural stem cells, NSCs)
HIREWRE ) TR, A AR R HL TR
A, R FOXOITEPT 1L & T-40 o iy i 532 vt v
RIE—EEHR, B2, LRk ROS/KF5200+4f
Jfa 1 5 T DA A At L 53 A0

2 RSt 4HRR A IE BT

T4 M LA 3R AN 1) 22 2 A Ak G R
7T T-4HMI 0 2 R 4 Rr A 2R S5 M o AL P i
WM T AR e , Fesk R, Jet s A
Ji &0 ) R T T A A i AT RE R SRR R R . A
FORIL, BRLARARGHBTE T 41 i Ay s A Th g v e
RAFE B P22, A 2R AR = ek B
Wt 2 s 2k 50y g AR A 4T M i ds 2 TR S B A
SR . BB TTR ILZ R A OXPHOSI 14
541 i 2 REPE4EREIIA G, AR S 5
VA2 T- 4 22 B 1k ()38 H ), ZRRn A v ) =4
TEGL TS oA N R ) R DGR (0 4k B R 7 20, A
I an il , ROSYE AR AR ) 1T & A i% DNA)
1, U DNARME S, # /%, NAD AR IR #hn]
DR A% DNASG MBS, 2ok Acids gead ik 1 17 H
Wi AN 15K 2 5 DNAT 7 A e 40 i Arig . 78
PETA R, SRR 3] /)% (b G A28 )i i o
P e S A SR 5 NSCHBE B AN iz 2, ki fAk
(AR 5 40 M 1) 22 R AH G, 38 ot EL B 28 s 4 1) B
T A e 0 P MK EE A 8%, 1T HL = 2E AN Rl 7K 7 ATP
JiPSCH R I A FIFEE M 2 ge v, AWt FiE T
Fa 2 — P45 mtDN A ZR AR fif A 52 00 42 [K] 4 DN A
ESCHEAY | BG3F T mtDNA ZE 4% A 3 i I 5 A i 1k
AE MG T4 0 2 A ik 2520, @it /N B ES.5 R
(VR PR HEAT BRAH i e SO0 BT, R BIATAE A% S i 28
WL A e i Rk, R A R H I 40 i
REF R SE R R IA , RUERE KR 56 BT IR
B O L —EoRL R BRI 4 4 i ris PO T8
T T SRk Ty Rl B e T AR SRR T R R A
TET-4H M v ig R R P OCEAE R, 8T 410
PUEE L I RN AR R AR T i

2.1 ERIEFMA DT IE P LRA LSBT IS
Tk

AH G TR BG40 B e b A 4, s 4 2 i
PR A H R S R DL E R
R A 2 A, 1T VR TG T 240 B 1) R A R 3 A A
BRI EREA RN, bk 2 EEER
AN AR T 385 70 A AE A0 M R JB) [ 0931230 ZE AR 2 i
U AT 4 40 0 = G F2 DR iPSC R FR R, 2R A 1) T
A BTSN A K AETTI AR AL . A ZRL A
FRAR At R AR e A AE 200 i v A i 3 AR
THERE A RAT e BT AR BOR B LR, b 5 B i
= I A B IR A SRR B, A T A e
IS, TIFESECHE 22 H0 ATP & 848 BT g in B2, #ii) sl fg
TEWERE M ] H ) B AR AR M ) AR . Sl BB
FORIN, BERiAAR oy ZLET R A AR TS, 23k
FIGH AN R FE 5T, RO R R0 L 44 Ak
2, g AR R A AN R B, 2
A5 () G5 R AUl Bt AN ], /0N BRL ) B VR 2 40
(epiblast-derived stem cells, EpiSCs)#f bt T ESCs[H
PEIE M KT BEAIC, JF HAA & RIR I NI B 2ok
A4 1 Ty B[R4 52 e~ 40 1 - PR 4E R A 2 A . )
R 2= ASKRINSI 2R AR AE R, v i 2 etk
P 5 ) 232 I AT VR i 400 i A 5 R ) =
SNAPAE RN L b A 2k B AL &, 7E NRB T
AR A T 2 AR PEAR EV I RIE FE HAR HE T A
W oA A o LA . 0 SR04 Dy R, R 2 3E 4
JH 1 22 RE 4 9T BE LB A Ak, TR gk 2R A AR ) K
Az T RRAIG T 20 1 22 e M IR 1 1 40 ) 20 A T2
FEB R, O I 2 A A T B AECER B b AR
P M 4 o E 3G FE 5 EOIRAS, Ha) | i Bl PR 2o
i B W BE ) 3 BRI R R, 2110 3 EOXPHOS
BRI, AT AsE 32 i~ 4 A 2 25 1 38 5 B A T AR R
VAR
2.2 ZRAENFIRETHEE DL

-2 i 1) 22 BE 1 52 3 A0 45 2R A4 il 3 RAE
W 2R KRB ) 2245, R R IG5 oy 22
F AT, s ORSF, ZRPA K5 1B+ ThRe it
P2, T AEZ P A SRS R R 4% T e . Bakifk
() il B 5 43 2L [RIFE 2 2R A4 1) A, 2k i fl &
e AR AL I KT, AR T R R A AR . 2
FLAR DNA T4 45518 52 RS AL 1) 53 10 28 #1286 kr
oy ZEREIE P2 HE AN [T AS B SR, 568 T 1 717 40
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WL kIR A E . AR A ST 4k
FRA M AU S 0E Sl R o kiR & 2 %
% MFN1/2F1 OPA1 & A 7T, /-3 3252 DLP1.
FIS1. MFF. MiD49/1 MiD51 T fh 2 [ i) 1 % .
KHACHO MR\ PV R4 7~ 1 2 ki fA il & 85 5 OPA
RS R 19 B UL PR 40 M A AR IRIRZS , I HLOPALY
N B AR LR Bl 7 2 1 2 A 2 T BUF RS AE 0% B AR
PRILA 40 B Sh e Fehis o 7F 18] 78 )5 T 41 fE (mesen-
chymal stem cells, MSCs)H, fili & 57 24 A G B
111 fi Bk 5 04T 2B 3R 43 0 B0 58 4 e 2R A A g
LRRAA BN 72 (1) SCAR 5 e 1) 78 5T 40 L ) A AL e
308, LERSFRR I b T4 B R 40 B o 24, 7
-4 B LAAS S B8 1) 75 220 BiC 28 R LL3EE 6 mtDNA
RA R, 55 RAEmDNARIPSCsHIEL, 15
WT mtDNA ) 8 #5440 i 7= 25 1 iPSCs AR 5 2 g
P,

3 Rk SHEGET

YHMAE TR AERFHUA TR S I B T 5, 4R
R 7m0 M € 2R IR U caspase 5K
HAMMES 52 /AT 4, 55 240
WHE. G T AR AE TS5 2 R i se T 5 b
S BB T AR R R IR AT VR R B
I3 R AE B EE UL, 2ok A e i B T s 5
W1z, 2 53| Z MR kA KRS REF .
3.1 ZHRRRAT

AR TRV ERF AR EE AR RS , i A
e I e T A W Y Y T s W e o 41 )
A B IRTE R . AN TR YR IR R
SAVME RN T T, NIEREERE A
LRRLRA TR PN S5 A T R TR AR 0 AR
TR A% S H 0 P 3500 T ) (W DNAJR G . B
AR F G 2250 345 10555 S 10, XLl 5 50
B2 bk E2 983 2(B cell lymphoma 2, BCL-2)#K [ 5 Jt
(O , %8 KR A AL S U T BCL-2
T E , BFEE A BH3S #4380 BH3-only
TP T8 A F % B (Bids Bik. Bad. Bim%5 )DL
SARPET: 25 H Bax fl Bak. Bax A1 Bak 1] {i #5180 i%
PEXGIN, SRR AR T B (W Cyt C. AIF,
ENDOG. SMAC/DIABLO. HTRA2/OMI)E:#
LT HR Y A R 2K R IR M S, 7E ATPAIAATP
FIER R, 5T IRBEEGS R T 1 (apoptotic peptidase

activating factor 1, APAFD)MH BEAE R T-E 4
W, PTE AW 5 B0 caspase 9, caspase 93—
DS caspase 3H1 caspase 7)8 4] caspase 2 Bk [ B,
H A RN M T 1 A AR B 2Rk AR A I T B
() 24 B R R TROAE A B O Tt ARt R 3 A E L, ATF
FTENDOGH; ¥ 12 F1 40 M 1% 5| ke G Rk it SR A B B
1., SMAC/DIABLO. HTRA2/OMIZ4) i B 21
R S E T B 1 XTAPSE &, ff bk XTAPsH | F
H, 3t — 2D (2 g g o144,
3.2 ZHREIRTEMEORT

JE AR M T R A M N B A AR T T 5K
SR ) 40 PR R T AN Re s A B 4 AR T, T
T Ml RS SR AEAR L A8 T 07 S K I,
HAYEFN MR FENER T2 RIEMETE T 140 B = B0
HHURBEE Y, 475 2 it 25 ek AR 4 S 28, e
M B 53473 AH 5% 7T 155X (damage-associated molecular
patterns, DAMPs). (& #&AE4H i P51 A b bl 1 191,
L R BE A R T 3 R I 9 VR 1 AR R G A
5 M (mixed lineage kinase domain like pseudokinase,
MLKL) (i B A IOE FE Z) A . BEFE R, 4 cas-
pase SHITHREMHNHIRS, TNFa 540 i 5L %2
P& (B335 TNFR1. Fas/CD95%5 )45 & 0 SZ AR s
J& 5 I TRADDRITRAF24: &, T/ 52 44
A0 ELAE F & 35 1 (receptor-interacting protein ki-
nase 1, RIPK1) M TNF 547, & RIPK 1 ATRIPK 3 2H %
FE R W I B A0S MLKLY . 807 () MLKL
Ty B 40 B B, JE s 5 6 T e LR AR ELVE A 51k
JECIEE PRGN, S ECa®t N LA B Bl a8, 2
K& ROS [A) I 1 78 PR A6 4 08 T 1 1F S A5t [B] i &
FEVER, 3810 RIPK 1 22 % B8 (1) [ B BR AL R 5 5
SUTCE SV RS, AT AL, thah,
RIPK 1 M1 RIPK 3 2 fie 3t 2k A e B ACHT, (i 4okl A
ROS T} i TR ZESR I G W (1 2 258 I v oA e
B0, RIPK3 th A8 o B A 35 PR T 1l 2 Pl IR
EY, IR A AR I 2R AAROS 1) 77 42, i —
AR A IR SR TR
3.3 YHRAFET

A £ T2 HH A /MR 1 R B 2 MR 1 T
T, 2 S AR N AR A A R IR 5 TR B 5 I
Noo XTSRRI T, AT R R
A AN T K K B 22 40 M R 2R, 4 N DR T
HE T 5] R Z T 98RE SN . 4 A T IR R AR A
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caspase X i fl GSDMs X % 85 H IS - M4 is
Sl H 59 A AR G 1) B S, 28 AN AR A
15 40 55 caspase 18HI1A. caspase 1 #7300 5 )%
GSDMD & 51 HOBE T80 N-iig 46 w4 4, 2k 1y 51 k2 48
J¥ o JE AR s Ak 7 TR S 1 3 0, T 28 o A e IR 1
FLFEIL-1PFIIL- 18RRI, fe & B MBI s i
FEAH I R T R AR A ST R AE PP, caspase
KiGHAMEAZ 5 RET- RS, H caspase 4
Hl caspase SHEELZ5 40N G 2 WEAH ELAEAT, 7T
IL-1BFH IL-18 Y ARSI, B EL#:17) %] GSDMD5
FNLRP3IRAENMARI AL, & FEARET P
J34h, NLRP3FJHEUE 7 2 Ca> e 7, 1 Ca™ 1 %
B A4 , BETTRESOL B ROSHEUE NLRP3 %
E/NAR B Ak, SEORE/IMAE I ) EI AR S A
BH3 & [ 45 #4385 1) B 1 BIDIEG Jin 2 A A4 /1 s i i 14
FHUT U caspase 3HHUE , M-S & FiliE T
JROFRAR B T-RE I8, R E SERE /IMA (1) 2H 250
34 BT

BRIE T R — P Ak B8 1 1 g o i S A AR &R
SRR AETICO 2 s i A Y A e
H AW 4(glutathione peroxidase 4, GPX4)H4 i i
I A AL D g B T HE PR SE T R A, A
XA LR B EH K (glutathione, GSH)#E A% 4R
I e H K (oxidized glutathione, GSSG). 1E N#E
VLRI T 1 o8 85 1, GPX4riie: B8 S 80 B4l i
PR AL R AR, BRI BERR T BT, GSHAE A
GPX4KFEVE - A BIIN 1, Fo & e 2 R
2 e 2 PR 3 2 3 i 2 i 15 5 10 Dt 2 R /A R S ()
124K (cystine/glutamate transporter, System X, )it
A0, System X, HHSLC7AT1FISLC3A2HFlE H
R, For SLCTATL e BE RS s St A Mt A1 Dk 22
HBIRA AR, SLCTAFRIL =T+ = Re i ik GSH
(A B, AT S B 240 LT K OE T B HE L RE 7 B
I, 3E I 20 PR A v R R R A5 B SR A 1) System X
AL AR IO T o B T Wi B 2 B R K 1 AR
AL, SLCTATT IRt 52 380 20 i PN Y5 A 4 , 418
FED PSR A AR R B A, wTRLaE e T
Y SLCTA LT 232 10 i 248 e T ffe 2R ) 60, 3 3
GPX4VEVEFRAIS, BRARAH M HRPUER S T g 1P

BB KA T R BB, SR RE R
A HAFIA SR B RS, RS
FERFE T e A o (R BB S AR T,

OXPHOSI F2 A p 3 B ROS 5 W2k 25 1 S A i3k
R R A = A BRI i S AR S P A 0, R
ELRARTENH GPX4TE BRI T ANEIEM , 3
TR R Bk = 5 3 AU T R A3 SRR A Y
PRARR I Z 2 FEUE T SR R, ik
B BERE ) 73 A, M 8 = 2 TR 108 AN o 3ol 2 e
WP, S R AR AR AL FIROSAE it 22, sk i i
T EAERIET .

4 BRIESES

Y FERYUNIEH AT IR IRWE &, 2
FEUH AR T D R R B (B A E . B
PRI 0o I 0 AR A 22 3B AT M 5 ) ) 5 B 1
e TEANNRETE, 532 0 3 ERFIE R N FE R 20 2%
R wmRL P RE . REL . R PR R
BIRRIEPURI . RRRThReRERG . i, T
1T A0 e AR 4 D ) L g AR 2
4.1 RRIFROSSFRH

ARAR DN RERERG 5 322 I OC, 4N ROS
7K e A5 ) R R R, bR AE R gh i i
ROSE E = A gl ffu g8 | H ROSH] DL 2 44 (1) 4%
ANy, S EmMDNA AR (8 i1 DA S AR 5 W B4 ity
R0, TR A g ) 52 4 31— P it gk ROS Y 7
A2, FEUERRAR D REP 1 LA S 2 i 3 22 A2 B DR
SRR, ik AR Ak P AR A R B R A B AR R R 4
SRR, AT B A RN, R A N
BRI E P R 2 R A, H2R kAR i S A Y il
I FkBES IE KN L 18% K A i, i AL Al ik
K R B AI N ROS )7 A2 AT s 5 22 45, []
I, ik 0k i A A U R DA A /S B0 I 3 22 R
FISZI , S5/ NRA LD, /N RO I R i 2k
RN TE 2, I H LR R DN A KT SR Sl 2%
el

FEIEFE LA, ZHM 2R AR RSB0
LI 2R B WK B3 R R, RERI N
LG T IR MG . B R B WA DS I K]
SRS L R A4 [ WK T B, R I T B B A 1 2 kL
PRIZHET BFN, R AEIR E ROS/KP 3 b Tt e8],
IR W R % R B AE K TR A IRAE 7R R0
Hh, I i A parkind s AR A H R KF AT PLE K
Fim. AL, —Le AU 2 RS it v] DA 2
2R B B, AT ZE K 5
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4.2 ZHIADNART SR

mtDNA [ FAL 5 0 A~ 44 F 40 i (1) 5 22, Bl
FHFEWBHE K mtDNARRBWEE 2 ¥, /£2
1 45 i B3 58 e %2 31 K & 1 mtDNA f{UR AR
AR U 28R AAR R & 1 y(DNA polymerase subunit
gamma , POLG)fE N mtDNA A Bt 72 /(115 2 g
AENS FE (L mDNAK R4, POLGRAHF 1 HAL
1EBE 1 IS 2 mtDNA R RAZIE N, POLGZEAL
AN R 7RI A A DA E R R . B E
My LA AT BNIR G855 R R A 1571, R fk I
RefEig 2di e R Mz — . i, AN RLE
LA I G LAY T A 56 R GRLAR S 5 18 52
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This picture introduces the symptoms and diseases related to mitochondria in multiple tissues and organs including brain nerve, eye tissue, lung, blood
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drial dysfunction.
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86

T - G -

IR PR BRI A LUk — B o A 1 22 4 N 11 fit
BE, 2R R Th e B RS I, S50 ZRbI AR e AR 420

RAE, T ATPA /D FIROSHI R &7 4, 2
BT B-FEMRE AR 0 AR RN Tau g (A I BERR 1L, In R
T B IR PHF BRI OREIR o 2R [ W — R R T
TREGR I PRI AR, M40 N A7 AE 7 2R R, 28
Rk 2= i 3 WEALHE bR e AR ERE A0 i Y IR
R, e R /R R BRI 3 A i R, Pl TR G
W ThRESZ 450, LRIk E MR R 52 5 5 8001k
T B S 24, 75/ BR A R IR = PINK i Par-
kinf¥FRIA 7K DA N2 i ik F g /KPR s (e gk
LERARITE R 770 BRI 40 Bt oC sl p
TG SCRE, T R 43+ 40 0 2 T e o 400 P A Bl R A
B A7t i PO R 1) Th e A MOR e AR S, BRI R 40 A
H IR W AR Th R B iS5 R M 48 S I 2 R AT M
AR U7 I 5 5 A R AR R 2R R ROS 7K
PRI SC, FEMAE VR 2 28 B 2R bR ETC %
i, SRR TR LA AT AE A2 38 mi U8, I
i I 2 LM 551K, 85 B PRSP N 2 51 K
OWUFERAE , 13 0F 58 R AR 8T 00 JIE G R0 AAR 45 7K
BB, O WL RS K AR I s AL T2 K
B 87, LA il G B T MFN2 5942 51 e 1) JHE B
WL AR IE /& — P Ye ot B0 Bl 2 AR, B
2 HH Bz i J A PR JE B R Bl iR B0 F T 2ok A
B SRR KA ARG, R AR AE &P NP
I PRI T AR (0 R A 2 A, 3 3 X AN [R] 2R R A
0 B S5 KRR EAT 20 S AT R 2R R 55 12 I A
I R TT S AL TE 2 KR A7 .

JE I OR A 2 R R 52 A B Pk S 52 40 IR 2R R A
WLV R A 40 Tk 52 1E O D RE I L SRR R I, AR
Tk 25 Vi 22 Wi 5 38 i 50 4804 771 oK Vi 97 Bk A4 9
(1) 52 I AR IS B 5 7 R, o R SR R 2 AR
AT TG B 1m) 5 7 2 248 B RE S A BT AR FH T 46
REAR, I HL 28R AR (1) X2 85 45 #6) SRS 25 90 (1) % 3
DR, SR a3k Bt S A S A o (1 AR 3R A 5
ERT, X AT A R O B Skt 2 i A
EU T 44t i ot XM Ah IR B At R Ay, BT DARH B 1 R
PR M B R LR R R T A, P4 G o M PR B
TR or v 2 i ki, SRR 745 A 51
PrAMRIE LR A o B A e T X R ik T
R 5% TR WOIE 22 AT . B 4R 45 DA
oo W U 4 T REFRAG 520, by - 2R AA 1) I PR

PR ZHEE, BANERA ARG TT TR, &
BLKIRIIRE I8 2R S LR I 15 2k A
PR B AR fel RO TS A AR DG O i
PRI R IR AEIR T F-BL, B REAE N — R 2L
1 Sirt LG 77T DAEE ZoRi iR A4 5 B, 15 S Ak
ARUHRE ST, B T e B T F Ty o M8 s o, HEIE g
FEACEHER G AL kS DRy 1R B9 il —
o AT B R M P A% 47 B AR S A R AN R R
A 18] 78 J5 20 M R B R SR, 5 bR A 5
JI BB S I E R AA B R 3 R, £ /) BT 2 A A Y
IR ROR, UESE T 2R AN 78T VAR 70
ML AR LR A AR S ANRS A ) VA B AE - 2ok A
PR R TT b, R AR SR N 2 IRIR T J7 % H
HITE SR R A PRk B h AR 2 17 WP IRIIE, 7E
RAREHRLAA IR TT BVFRER ) iZ B TG 23t —
IR KA

6 DEERE

SRR 2 P9 (B B ) AE e RN IF
HIBAE R AE AR, WL AR L% 3
LS . AR A LR A0 R A3
Y2 M 2 05 B B BRI B R R . BRLAA Y
e MRS S B0 MR (45 1 B PR, il
T MR RRAE 5 IR L . WA R T s
NI T AR, SR T B 1) 5 2 DA% Th B e s oK
(19 25 LA W 75 AR U 19, 76 4 /KPR i
(IR T BE , DL K B LR (A 93 B B R 7
HEEEE,

SE LAk (References)

[1]  VALERO T. Mitochondrial biogenesis: pharmacological ap-
proaches [J]. Curr Pharm Des, 2014, 20(35): 5507-9.

[2] MARTINEZ-REYES I AND CHANDEL N S. Mitochondrial
TCA cycle metabolites control physiology and disease [J]. Nat
Commun, 2020, 11(1): 102.

[3] TREFELY S, LOVELL C D, SNYDER N W, et al. Compartmen-
talised acyl-CoA metabolism and roles in chromatin regulation
[J]. Mol Metab, 2020, 38: 100941.

[4] RAFFAELLO A, MAMMUCARI C, GHERARDI G, et al. Cal-
cium at the center of cell signaling: interplay between endoplas-
mic reticulum, mitochondria, and lysosomes [J]. Trends Biochem
Sci, 2016, 41(12): 1035-49.

[5] DE STEFANI D, RAFFAELLO A, TEARDO E, et al. A forty-
kilodalton protein of the inner membrane is the mitochondrial
calcium uniporter [J]. Nature, 2011, 476(7360): 336-40.

[6] LIU X, KIM C N, YANG J, et al. Induction of apoptotic program



MG AR S LR S iz 1%

87

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

in cell-free extracts: requirement for dATP and cytochrome ¢ [J].
Cell, 1996, 86(1): 147-57.

MADREITER-SOKOLOWSKI C T, THOMAS C, RISTOW M.
Interrelation between ROS and Ca®* in aging and age-related dis-
eases [J]. Redox Biol, 2020, 36: 101678.

TAN B L, NORHAIZAN M E, LIEW W P, et al. Antioxidant and
oxidative stress: a mutual interplay in age-related diseases [J].
Front Pharmacol, 2018, 9: 1162.

TAN D Q, SUDA T. Reactive oxygen species and mitochondrial
homeostasis as regulators of stem cell fate and function [J]. Anti-
oxid Redox Signal, 2018, 29(2): 149-68.

VAN DER BLIKE A M, SEDENSKY M M and MORGAN P G.
Cell biology of the mitochondrion [J]. Genetics, 2018, 208(4):
1673.

HOPPELER H, FLUCK M. Plasticity of skeletal muscle mito-
chondria: structure and function [J]. Med Sci Sports Exerc, 2003,
35(1): 95-104.

NUNNARI J, SUOMALAINEN A. Mitochondria: in sickness
and in health [J]. Cell, 2012, 148(6): 1145-59.

NARKAR V A, DOWNES M, YU R T, et al. AMPK and
PPARGdelta agonists are exercise mimetics [J]. Cell, 2008, 134(3):
405-15.

BERGERON R, REN J M, CADMAN K S, et al. Chronic activa-
tion of AMP kinase results in NRF-1 activation and mitochondri-
al biogenesis [J]. Am J Physiol Endocrinol Metab, 2001, 281(6):
E1340-6.

HERZIG S, SHAW R J. AMPK: guardian of metabolism and mi-
tochondrial homeostasis [J]. Nat Rev Mol Cell Biol, 2018, 19(2):
121-35.

LI X. SIRT1 and energy metabolism [J]. Acta Biochim Biophys
Sin, 2013, 45(1): 51-60.

ITO K and SUDA T. Metabolic requirements for the maintenance
of self-renewing stem cells [J]. Nat Rev Mol Cell Biol, 2014,
15(4): 243-56.

MANDAL S, LINDGREN A G, SRIVASTAVA A S, et al. Mito-
chondrial function controls proliferation and early differentiation
potential of embryonic stem cells [J]. Stem Cells, 2011, 29(3):
486-95.

HAMALAINEN R H, AHLQVIST K J, ELLONEN P, et al.
mtDNA Mutagenesis disrupts pluripotent stem cell function by
altering redox signaling [J]. Cell Rep, 2015, 11(10): 1614-24.
CHAKRABARTY R P, CHANDEL N S. Mitochondria as signal-
ing organelles control mammalian stem cell fate [J]. Cell Stem
Cell, 2021, 28(3): 394-408.

RENAULT V M, RAFALSKI V A, MORGAN A A, et al. FoxO3
regulates neural stem cell homeostasis [J]. Cell Stem Cell, 2009,
5(5): 527-39.

KHACHO M, CLARK A, SVOBODA D S, et al. Mitochondrial
dynamics impacts stem cell identity and fate decisions by regu-
lating a nuclear transcriptional program [J]. Cell Stem Cell, 2016,
19(2): 232-47.

JIN G, XU C, ZHANG X, et al. Atad3a suppresses Pinkl-
dependent mitophagy to maintain homeostasis of hematopoietic
progenitor cells [J]. Nat Immunol, 2018, 19(1): 29-40.
MATHIEU J and RUOHOLA-BAKER H. Metabolic remodeling
during the loss and acquisition of pluripotency [J]. Development,
2017, 144(4): 541-51.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

RAFALSKI V A, MANCINI E, BRUNET A. Energy metabolism
and energy-sensing pathways in mammalian embryonic and adult
stem cell fate [J]. J Cell Sci, 2012, 125(Pt 23): 5597-608.
MATILAINEN O, QUIROS P M, AUWERX J. Mitochondria
and epigenetics-crosstalk in homeostasis and stress [J]. Trends
Cell Biol, 2017, 27(6): 453-63.

ZHAO X, CHEN B, WU L, et al. Role of mitochondria in nucle-
ar DNA damage response [J]. GIAD, 2022, 3(6): 10.

LIU Y, RUAN Z, LIU Z, et al. Organelle remodeling in somatic
cell reprogramming [J]. J Mol Cell Biol, 2020, 12(10): 747-51.
QIJ, LONG Q, YUANYY, et al. Mitochondrial DNA mutation af-
fects the pluripotency of embryonic stem cells with metabolism
modulation [J]. GIAD, 2023, 4(1): 9.

BURR S P, KLIMM F, GLYNOS A, et al. Cell lineage-specific
mitochondrial resilience during mammalian organogenesis [J].
Cell, 2023, 186(6): 1212-29,¢21.

PROWSE A B, CHONG F, ELLIOTT D A, et al. Analysis of
mitochondrial function and localisation during human embryonic
stem cell differentiation in vitro [J]. PLoS One, 2012, 7(12):
e52214.

VARUM S, RODRIGUES A S, MOURA M B, et al. Energy me-
tabolism in human pluripotent stem cells and their differentiated
counterparts [J]. PLoS One, 2011, 6(6): €20914.

PRIGIONE A, FAULER B, LURZ R, et al. The senescence-relat-
ed mitochondrial/oxidative stress pathway is repressed in human
induced pluripotent stem cells [J]. Stem Cells, 2010, 28(4): 721-
33.

SUH J, KIM N K, SHIM W, et al. Mitochondrial fragmentation
and donut formation enhance mitochondrial secretion to promote
osteogenesis [J]. Cell Metab, 2023, 35(2): 345-60,e7.

CHOI H W, KIM J H, CHUNG M K, et al. Mitochondrial and
metabolic remodeling during reprogramming and differentiation
of the reprogrammed cells [J]. Stem Cells Dev, 2015, 24(11):
1366-73.

ITO K, TURCOTTE R, CUI J, et al. Self-renewal of a purified
Tie*" hematopoietic stem cell population relies on mitochondrial
clearance [J]. Science, 2016, 354(6316): 1156-60.

BAKER N, WADE S, TRIOLO M, et al. The mitochondrial pro-
tein OPA1 regulates the quiescent state of adult muscle stem cells
[J]. Cell Stem Cell, 2022, 29(9): 1315-32,¢9.

FORNI M F, PELOGGIA J, TRUDEAU K, et al. Murine mesen-
chymal stem cell commitment to differentiation is regulated by
mitochondrial dynamics [J]. Stem Cells, 2016, 34(3): 743-55.
KATAJISTO P, DOHLA J, CHAFFER C L, et al. Stem cells.
Asymmetric apportioning of aged mitochondria between daugh-
ter cells is required for stemness [J]. Science, 2015, 348(6232):
340-3.

GREEN D R, KROEMER G. The pathophysiology of mitochon-
drial cell death [J]. Science, 2004, 305(5684): 626-9.

HARRIS M H, THOMPSON C B. The role of the Bcl-2 family
in the regulation of outer mitochondrial membrane permeability
[J]. Cell Death Differ, 2000, 7(12): 1182-91.

BALIGA B, KUMAR S. Apaf-1/cytochrome ¢ apoptosome: an
essential initiator of caspase activation or just a sideshow [J]?
Cell Death Differ, 2003, 10(1): 16-8.

HEGDE R, SRINIVASULA S M, ZHANG Z, et al. Identification
of Omi/HtrA2 as a mitochondrial apoptotic serine protease that



88

BT A -

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

disrupts inhibitor of apoptosis protein-caspase interaction [J]. J
Biol Chem, 2002, 277(1): 432-8.

DU C, FANG M, L1Y, et al. Smac, a mitochondrial protein that
promotes cytochrome c-dependent caspase activation by elimi-
nating IAP inhibition [J]. Cell, 2000, 102(1): 33-42.

SEO J, NAM Y W, KIM S, et al. Necroptosis molecular mecha-
nisms: recent findings regarding novel necroptosis regulators [J].
Exp Mol Med, 2021, 53(6): 1007-17.

VERCAMMEN D, BEYAERT R, DENECKER G, et al. Inhibi-
tion of caspases increases the sensitivity of L929 cells to necrosis
mediated by tumor necrosis factor [J]. J Exp Med, 1998, 187(9):
1477-85.

CHOY S, CHALLA S, MOQUIN D, et al. Phosphorylation-driv-
en assembly of the RIP1-RIP3 complex regulates programmed
necrosis and virus-induced inflammation [J]. Cell, 2009, 137(6):
1112-23.

GALLUZZI L, KEPP O, CHAN F K, et al. Necroptosis: mecha-
nisms and relevance to disease [J]. Annu Rev Pathol, 2017, 12:
103-30.

ZHANG Y, SU S S, ZHAO S, et al. RIP1 autophosphorylation
is promoted by mitochondrial ROS and is essential for RIP3 re-
cruitment into necrosome [J]. Nat Commun, 2017, 8: 14329.
SCHENK B, FULDA S. Reactive oxygen species regulate Smac
mimetic/TNFalpha-induced necroptotic signaling and cell death
[J]. Oncogene, 2015, 34(47): 5796-806.

YANG Z, WANG Y, ZHANG Y, et al. RIP3 targets pyruvate
dehydrogenase complex to increase aerobic respiration in TNF-
induced necroptosis [J]. Nat Cell Biol, 2018, 20(2): 186-97.
BROZ P, DIXIT V M. Inflammasomes: mechanism of assembly,
regulation and signalling [J]. Nat Rev Immunol, 2016, 16(7):
407-20.

MARCHI S, GUILBAUD E, TAIT S W G, et al. Mitochondrial
control of inflammation [J]. Nat Rev Immunol, 2023, 23(3): 159-
73.

ZHANG W, LI G, LUO R, et al. Cytosolic escape of mitochon-
drial DNA triggers cGAS-STING-NLRP3 axis-dependent nucle-
us pulposus cell pyroptosis [J]. Exp Mol Med, 2022, 54(2): 129-
42.

TSUCHIYA K, NAKAJIMA S, HOSOJIMA S, et al. Caspase-1
initiates apoptosis in the absence of gasdermin D [J]. Nat Com-
mun, 2019, 10(1): 2091.

GUO J, ZHOU Y, LIU D, et al. Mitochondria as multifaceted
regulators of ferroptosis [J]. Life Metabolism, 2022, 1(2): 134-
48.

FRIEDMANN ANGELI J P, SCHNEIDER M, PRONETH B, et
al. Inactivation of the ferroptosis regulator Gpx4 triggers acute
renal failure in mice [J]. Nat Cell Biol, 2014, 16(12): 1180-91.
LIN W, WANG C, LIU G, et al. SLC7A11/xCT in cancer: bio-
logical functions and therapeutic implications [J]. Am J Cancer
Res, 2020, 10(10): 3106-26.

YANG W S, SRIRAMARATNAM R, WELSCH M E, et al. Reg-
ulation of ferroptotic cancer cell death by GPX4 [J]. Cell, 2014,
156(1/2): 317-31.

HAN C, LIU Y, DAI R, et al. Ferroptosis and its potential role in
human diseases [J]. Front Pharmacol, 2020, 11: 239.

GAO M, YIJ, ZHU J, et al. Role of mitochondria in ferroptosis
[J]. Mol Cell, 2019, 73(2): 354-63,¢3.

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

[81]

LOPEZ-OTIN C, BLASCO M A, PARTRIDGE L, et al. The
hallmarks of aging [J]. Cell, 2013, 153(6): 1194-217.
BALABAN R S, NEMOTO S, FINKEL T. Mitochondria, oxi-
dants, and aging [J]. Cell, 2005, 120(4): 483-95.

DUTTA R K, LEE J N, MAHARJAN Y, et al. Catalase-deficient
mice induce aging faster through lysosomal dysfunction [J]. Cell
Commun Signal, 2022, 20(1): 192.

TRIFUNOVIC A, WREDENBERG A, FALKENBERG M, et
al. Premature ageing in mice expressing defective mitochondrial
DNA polymerase [J]. Nature, 2004, 429(6990): 417-23.

DAI D F, SANTANA L F, VERMULST M, et al. Overexpression
of catalase targeted to mitochondria attenuates murine cardiac
aging [J]. Circulation, 2009, 119(21): 2789-97.

WU JJ, QUIJANO C, CHEN E, et al. Mitochondrial dysfunction
and oxidative stress mediate the physiological impairment in-
duced by the disruption of autophagy [J]. Aging, 2009. 1(4): 425-
37.

GARCIA-PRAT L, MARTINEZ-VICENTE M, PERDIGUERO
E, et al. Autophagy maintains stemness by preventing senescence
[J]. Nature, 2016, 529(7584): 37-42.

JANG J Y, BLUM A, LIU J, et al. The role of mitochondria in
aging [J]. J Clin Invest, 2018, 128(9): 3662-70.

TAYLOR R W, BARRON M J, BORTHWICK G M, et al. Mito-
chondrial DNA mutations in human colonic crypt stem cells [J]. J
Clin Invest, 2003, 112(9): 1351-60.

VERMULST M, WANAGAT J, KUJOTH G C, et al. DNA dele-
tions and clonal mutations drive premature aging in mitochon-
drial mutator mice [J]. Nat Genet, 2008, 40(4): 392-4.
VICTORELLI S, SALMONOWICZ H, CHAPMAN J, et al.
Apoptotic stress causes mtDNA release during senescence and
drives the SASP [J]. Nature, 2023, 622(7983): 627-36.

KOVACS G G, ALAFUZOFF 1. Handbook of clinical neurology
[M]. Netherlands: Elsevier, 2017.

ANNESLEY S J, FISHER P R. Mitochondria in health and dis-
ease [J]. Cells, 2019, 8(7): 680.

MARTIN-MAESTRO P, GARGINI R, PERRY G, et al. PARK2
enhancement is able to compensate mitophagy alterations found
in sporadic Alzheimer’s disease [J]. Hum Mol Genet, 2016,
25(4): 792-806.

DU F, YU Q, YAN 8, et al. PINKI signalling rescues amyloid
pathology and mitochondrial dysfunction in Alzheimer’s disease
[J]. Brain, 2017, 140(12): 3233-51.

MIY, QI G, VITALI F, et al. Loss of fatty acid degradation by
astrocytic mitochondria triggers neuroinflammation and neurode-
generation [J]. Nat Metab, 2023, 5(3): 445-65.

BREALEY D, BRAND M, HARGREAVES 1, et al. Association
between mitochondrial dysfunction and severity and outcome of
septic shock [J]. Lancet, 2002, 360(9328): 219-23.

PINTO B B, DYSON A, UMBRELLO M, et al. Improved
survival in a long-term rat model of sepsis is associated with re-
duced mitochondrial calcium uptake despite increased energetic
demand [J]. Crit Care Med, 2017, 45(8): e840-¢8.

STUPPIA G, RIZZO F, RIBOLDI G, et al. MFN2-related neu-
ropathies: clinical features, molecular pathogenesis and therapeu-
tic perspectives [J]. J Neurol Sci, 2015, 356(1/2): 7-18.
SUPINSKI G S, SCHRODER E A, CALLAHAN L A. Mito-
chondria and critical illness [J]. Chest, 2020, 157(2): 310-22.



MG AR S LR S iz 1%

89

(82]

[83]

LOWES D A, THOTTAKAM B M, WEBSTER N R, et al. The
mitochondria-targeted antioxidant MitoQ protects against organ
damage in a lipopolysaccharide-peptidoglycan model of sepsis
[J]. Free Radic Biol Med, 2008, 45(11): 1559-65.

GANIE S A, DAR T A, BHAT A H, et al. Melatonin: a potential
anti-oxidant therapeutic agent for mitochondrial dysfunctions and
related disorders [J]. Rejuvenation Res, 2016, 19(1): 21-40.

[84]

[85]

SUN AY, WANG Q, SIMONYT A, et al. Resveratrol as a thera-
peutic agent for neurodegenerative diseases [J]. Mol Neurobiol,
2010, 41(2/3): 375-83.

HUANG T, LIN R, SUY, et al. Efficient intervention for pulmo-
nary fibrosis via mitochondrial transfer promoted by mitochon-
drial biogenesis [J]. Nat Commun, 2023, 14(1): 5781.



