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1.1 ROS

7E 181 20 K 22 19 tH 2L WIR OS Y A7 76 4 B IRAIE B,
SR X ROSHIZEY) 25 U MANE 2. 201 20804 AR,
ROS— I TE&- AW Fe b I, I DA AR A 2
JRIE R, AR R S AT AR 1 S S N R
MERE=Y), FEAFEBEAE . JEhERmR
[ (B, MR RIE, ROSF™ AT ) A AN
(RS 23R B M IR M, 5 35 I i 28 b A4 of
NADPH(nicotinamide adenine dinucleotide phosphate,
NADPH)SE L EF&E 74, NADPHAE AL & 7 41 i
fiE L, SEROSHITEZRIE. LAl AW 7T %G E B £k A
DNA(mitochondrial DNA, mtDNA)ZAE a] LA T i £ ki
TREALBERR AL, B G 2k 2k B K FRIROSY, fR A
ROS F ZRIE T &R AR o 1A AR, A LA
A RIET PR RV B, A SE G, TEAE
15 DL 41 M B 9 AR B AR AR 2% 8k T AR R
ROSY. ROS, TR #IN AR % RDNAT S, B4
Fasioo . B E bR, LR R T ROS
(mitochondrial ROS, mtROS) 5| &3 /& A ImtDNA .
2R R AR R r RN, IR ARk, ok £ T
R, A ROSHIFAERG R AL T — NS T
BPRAS, & M IROS & 4ERr4H A IE 5 16 A4 B Th RE BT
WA, HAE N A DL SR E 5 T R
1 FHTE 24T 4 P 15 3SR R0 o At L i i P AR A
e Y,

(3

1.2 Ca*

Ca M WA T sk T Z 2 —, AT LU
ZARMMME TR, S 55N, fHEERAMERS
B BEETEET . (B SHESS 2 MEEES. i
PR (1 184 00— G e e 5 B 14465 PN DA 4 L P S
FE PR TR R, L PR 20 R PN 5 L4 N J5T R (en-
doplasmic reticulum, ER)FIHLAH #)HLIE K (sarcoplas-
mic reticulum, SR). ER/SRHES IR AT H1,4,5- =%
% JLEZ (inositol-1,4,5-triphosphate, IP;). & - FR IR LT
PR RS 25 2 Fhof A5 sas . iln, Ca™ Mg —
A8, B IEE RGN N AN R 0 ) % Kt
BBHAEAE . X PR RS AR T . N Ca®
A At 40 2% B b A A T % o 5 36 o B e is 2R

1374

F. B, Ca® FIHE N2 B A5 L (0 4% R 3 4T T
RN EE R eSS S N TR AT s NE 2 (& | 2 RSP Tota i |
Ca”" fRRE TR 3 3 A J5 9 s v 77 7R TP UK I Ca” i
KA. AT A2 B 25 ) A a8 3 A B T 48
Ry Ca® (IR, 140 P9 I e B R 5 52 24K (rya-
nodine receptors, RyRs). & /A FE 4N M35 A 1R Ak
N4 — 4% R (nicotinic acid adenine dinucleotide phos-
phate, NAADP)fih /2 52 44 28 i A4 o (1) 85 7 28 e @
i

b, 2 5Ca" BRI IRBE 2 WA )2 0
PRI, tm, P9 st IR IS Ca™ ] DS TP, 32 f5(IP,
receptors, IP;Rs)FIRyRs4h£r, Hl#Ca™ i 5 ff1Ca” B
T, BAMARIE 24K, FEATRE AR AR pca” Bk, T
PR P O FEER h Ca™ (AR I, 805 45 P 1
Y\M:Ca® P ifi (store-operated calcium entry, SOCE)if
WIS AT IT, /S Hshca” A

22 PR Ca”™ B JHC I 49 3t T B IS 15 VLI (phospha-
tidylinositol, PI) i {115 5 5 i1, PURHIHTF £ 5
Y B R T 2 AR 4G A B AV AE KR 7 i . o,
Bl E 2K R GERBEMEXZ A (G protein-
coupled receptors, GPCR)FIAZ A & R M (receptor
tyrosine kinase, RTK)!"". 4 ffg 4/ #4< 5l i ik 126 5 Ak 1]
P PIRE 5 14 9 B T C (phospholipase C, PLC). GPCRs
I HBEPLC-B, T RTKSIE % R PLC-y. #EILIIPLC
B FEL S A ) B P T9E VLR (4,5) W ER (phosphatidylinosi-
tol-4,5-biphosphate, PIP,)¥% 1t AP, FI2E A5 1 — Bk H
H(diacylglycerol, DAG). 1Pt )55 3= EAL FER L)
SEARGE £y, BRIPSR, fib g P I (R Ca® PRI R I E
A5 . AR, PIP, 7K A = AR [IDAG W] DA AESM
AR, P ROEIEEE TR A, WE A EEC

(protein kinase C, PKC)“O].

1.3 T4

T e —HAFAE T AN 2 AN B A
A EREHAS A SRR R " 19814F, Evans
FKaufman'* ¥ KB AR SRS 210 /N BRIE IR o 43 B
H /N SRR RGT-40 B, 40 B AR 5 S P i e. (il T4
S ER PR, NSRG4 kI A 5, Nk
PIXAN AR, NATTR IR A M TH B A 3845 2 Redk
HI3: 71, H 230 LRI . 20064, Takahash PA & Yama-
naka*7E /N R P B 5 F(Octd, Sox2, KlfaFlc-
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Figure 1 Production of reactive oxygen species and cell damage caused by reactive oxygen species. By Figdraw

Myc) 2l 15 5 BT 4 4 M 7% A2 h 75 5 2 e T 40 i
(induced pluripotent stem cells, iPSCs), JT2 fd frIfift
FARUEH P

14 ROS, Ca” 5F41H3% R MBS X

FUAR A E S, ROSHICa™ 7] i 5 4
AR 2 DhRe o, SR, X e g
WU ) B A s AN BT, 2118 W), BFR T UG 5E
ROSHICa™ 764 il 15 & 5 357 A1 -V e e e o ) 4
H, 73t 22 f204E 1, BF9E A R XAROSFICa™ T i S
TR AT IR AT AT

ROSHICa™ 76 T4 REH . b AzELid
FRAURFESEIE R, BEXTROSHIC™ RIEN T fi# vl
ReA BT xd P 2 DL A IE SR B iR . B ok,
ROSTET-4H i [ R H A h H s E B Ay (5. Ca®™”
ST Ay A EEEH, GG
S A R R, BFFROS, Ca™' {55 5T 4
R E AL TR T 2541 B3 35
B AR, SR TRERIA YT SRS DA GE

TR AriE e, [FIES A BT EAEAS [F SR 2 1
T EUFE L B AT MO, AT MROS, Ca® tif i
T iz LA BR, I e B A ) R R R
J. BIEERNEBHROS, Ca’ 54l 71 R,
NFER TR TT S 23 TRE S AL 8 4 40 AN iz
S B

2 ROS, Ca™ 541 B K EH

2.1  ROSIKF-55m T4l 5 35 Hr

BEE BT IIER N, ROS/KTHIEKREIEE 2 54
MAE 5 i T DA 1 240 i X 39 5 28 B IE S, ROSHE
T4 14 G P A U A, B R R 2R,
A B FIROS AT LA 33E T 0 M () IR 5 89 0, IR R
F FTROSH 2 | T4 A A 39 5, 5 B4y
BET.

20114F, B FERHEADNE N, B4 M E T 5K
P LT e RE 28 AR FE [K] (ataxia  telangiectasia mutated,
ATM) Bl & — Fh e i 15 JUL R 3 9508 AH DS I (phospha-
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tidylinositol 3-kinase-related kinase, PIKK), i g2 il
% 18 If 21 g (hematopoietic stem cells, HSCs)) H 3
SEHTRE ST, TEAtmBR R 1)/ B R I AT P
W, UEPLG R R THSCsIEE S Re s R I
ROSH 2 2 it A A RIE H 1 N- 2 BE-L 2 bt 20 B2 (V-
acetyl-L-cysteine, NAC)JH 7T ATMiR 2% [FJHSCs ] LA i
& 1 B A i AROS/K P I AR S HSCs ¥ 74 g
A BT L e R, ROS/KF T
FEATMER K /N R A HSCs B 3 R /7 T 5 1) J5L 1A
20134F, HHFFUN GIAESS I SRS IR 40 L il A v s
IFHIROSTIREI 2454, &5 FORG I 240 R 33 4 11 1ok 52
FREARBH R, 1T [k S 440 e 8 5 S 36 B I 44
FAR FEIVR B IR OS, UL J5 440 i e 484 1 45 i ),
WA B TR, LE NG W T 40 (adipose-derived
stem cells, ADSCs)H, K% A T 7] LA FNADPH
AALEE = A B E K FIROS,  ROSE i R A4 I /N
JR A A KK T 52 4R -B(phosphorylated  platelet-Derived
growth factor receptor-p, p-PDGFR-P), #iif4lfusME
F A BB (extracellular regulated protein kinases,
ERK) 1 (% E#B(protein kinase B, PKB, X FRAKT)
EHE, (EEADSCsIIATER . 201148, 4 %H )
A i 5T 2R WG FEROS F] LA 13 #2241 il (neutral
stem cells, NSCs) H 8 57, FIBS4ERH G FEEH A2
SE PR el

BIE— T £, PLK-AKT{E 58K Z£HSCs
H IR ) — A R A R 4L PLK-ATKAS i@
S VR Y 400 L B R b R 4T - 1) 78 5 % 1K (epithelial -
mesenchymal transition, EMT)F A 2§ /EH, PLKE N
— P TSR, HEAGPIP, A, PIPSIM S 15 R AL
JSLF AK TR IR 5. AKTTESRF 8 S R IR Wl IR
WOE, E NS S E B o R e s,
FOXO(forkhead box O, FOXO)#% 3% K1 5 & PL K-
AKT{E 53 T B 2 i, 708 BURZS HSCs
o, AKTAHEEOE, FOXOEAEM Tz ; 4
HSCs*Z B RAMURIME, AKTHEIE, 7 FFOXOHE
%, SIEHSCs A RE R, FLE20074 45 4
TEFR, fEFoxO1, FoxO3a, FoxO4, FERELIII/N R,
I M40 s AR N KIH AR R I R IR, XS
ROS/KF4 03¢ &+ % Y, [ Bt A w5 26 9,
FoxO3athK FTHSCs R B H I EH 6 71 N FFAIROS
APTHES, X RBIFOXO T Al L% FROS 41,
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F)HE, Foxo3adtkJHSCsH, FOXO#ILH K SOD2
At F AL SRR 2>, XA Z HROSK
PR R, FOXOR SR F1EE1TROS/K Pl
HFFHSCsHIREH B IHAE T EEEM. 1A,
Tt FLAL Y] B8 1A 2 25 41 5 (mammalian target of rapa-
mycin, mTOR)&PLK-AKT# T il ) 5 — N4
mTORE A& 1(mTOR complex 1, mTORC1)#iF tH4
5] FROS/K I - 5 BHS Cs Ty i i >,

AT, IR ) 5 K TP5 3(cellular tumor anti-
gen p53, TP53) & —Fh 8 B4 2L A, 28 E i
WL RASEL R, TPS3EE R G =i DNABE, B
PRt S AR AT PR T, AT B LB SR 1 e A A
J&. TP53thZ 5HSCs i BURZS A E B hig /1.
A HRIE B /RROSHEE I WG TPS 3, SIAZHSCsHIE: R
SMERE RS FEY. ETaat T R R
A, RAKNEGER RS AESn 0007, KIira
1EH T4 X ROSFI A AL I3 S v i k.

22 Ca’"BmIT4M E IR E R

W MR s A B AR, S
JRLLE PN B BT A 1 24 7 2 i 1) P 4 % 1T K AR 5
%, R4 H 5 2 il — @ bl AW iRy 5 51
HIREH. Ca” KER T2 T4 5 R EH £
BEPE. WA HZTHMIIAEEXEE, MCa® /KT
B 2 AR /N R b 23 B L 0 18] 78 5 2 g (mesenchy -
mal stem cells, MSCs), REBS5R 4N EZ 5 T FIMSCsIh g
F3t 2250, 4 P 0 R 2 B 1) 9 R T4
F 484 5 AR T BB Ca™ K. Ca” AU T IR E
ATTR G TR R, T HLIE RE S e AT1738 i SE AR R 1 T4 e
W R, XN /R R E T, Ca’ ANl 2 AL S
SR Tanfun B R EFA 2 aetE, BiES5MpEA
VA% AR B R A BRI IR R4 A5 5 T

Ca’ Al 2 AL 2 5 2 1 T2 ) 1 B
MZRett, OS5 MPACHIER . 400 E HHE
LR Rk R A5 5 T

AR B R 52 18 5(metabotropic glutamate recep-
tor 5, mGluS)JAFLE S HAE /N BRUVE G 40 i r ) = 22
PEAE20054E 45 FHE S, (A 9 3041 B T (leukemia in-
hibitory factor, LIF):& /> i+ 41l (mouse embryo-
nic stem cells, mESCs){E 377 5k B 358 i 4 75 1.
LIFJ& T I0Oct3/4MINanog % 35 K T B R 1A KPR e
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HEmESCs[FRFEEIGTY, 1 L S DR 7% IR e 4 g
0 1 3 58 3 45 00 B PO LIFIRI 9 mGlus 2 14 ) e
HOct4FINanoglfI3R 1A, PAZERE T4 i 38 55 0 £
Y. IR, mGluSSZARE0E 38 ik — 0 ORI LIF
KmESCsHI52 M. HmGlus 32457 Quisqualate
AcidbFET41fE, £ S80ct3/4 mRNAKFFHE, [F
It 2 2 4 L P Ca™ FROKST, ELRT3R 461 R BARAAE
ERER. Ik, Ca’ i LB mGlusZ ik 5
FEmESCs B3 B, (HH A BT Lk 24 AT 2E.
mGluSZ 48 T CRGHE AMEPZ A KR, HpA T
AeZ SESCs BT #, BAEAIEM A3 K &
S 515 P RAEERR Y. Cappucci NPT
KL, HLIFEEN mESCs#ikmGlus 244", 24k
O RN AR A R Ca” Y. T FE W mGluS 52 44 541
HlmGluS 52 A R IE A PEARE B8 TR, B
Oct4 fINanogff)#ik. IXH/RCa” T AL T mGlus 32 4k
Z 5 EmESCs B HH, HE A 57 HLE| 24
AHEE.

J5 9 JE Kl c-my c 7F 4 FFmE S Cs H 85 3 f1 £ fig
PR 2 S M. TodorovaZe A& BH
mESCs 1 3 1A ¥ .15 I§ B2 (lysophosphatidic  acids,
LPA)SZ 4k, LPAIA7/E(H 3 mESCsH 41 Py (11 Ca” K
FES N, 3 BLIE A §2 0 c-Myc i #ik K. B 25 77
B RTEFEAMRIEC B LT, LPARIAE Rt 2338
T4 K Ca®, 3% 2 W Ca” 1R 7T g I A P Ca™ TR
ok, X —id R APLCHEGE, HHIBAPTA -AMZ
20 LR B Ca® S AR S A 7T U - 73 12240 4
PLC, #8&>THRLPARIIXAIER. XEIEHE K YILPAS
BOE Ca™ B IOAE 5@ B, MM c-Myc i #i5 7K
S, ST R mESCs i [ F1 5 1.

TP53 /2 £ REt: i = F A 5 R 72— TPS31E
N SR DR S p2 LR DR (1 7 3%, 7= 4 el e 4 i )
W EE A E/cdk2 52 6 W) (P SRR TE 1, T 2% 8 ) A )
TR T 40 a8 i iy s AR AT /). TPS3 RS B
Ca” M 77 35 RS e JEsE b, H.Ca® X TP53
WA T BeAh, Cat KB TPS3
4 1) 55— Fa] RE ML) R A5 H0E & A S S M TPS3 Y
i, BEEE AN S S 2 MR R, ERERE. W
FLERECY. ZEANM I IAGL-SEs It FE b, F5 S K
A L 40 A% P R B R R TPS30 . 45 80 i iE
FE NG 55 TG 45 3 A T AL TP53MY. w2

B, PR B B 2R 0 SR v AR E TPS3, ¥
WEp21, MIMHIHIDNAS Y. FHik, Ca™ &kt HITPS3
I3 AT DA 32E 20 PR ) 40 e ) BA A, it A A
FE AN B 3T

2.3 ROSHICa™ $L[m IR 40 | 3

ok % I £ B, ROSHCa™ 2 [ AELE WA
BN, P IAZ EAE R R — M RS AR 115 5 4%,
LRS- AN A P38 5E. — 5T, ROSH LAME N
—AEME, N SCa T EIERIEE. IR ROS AT LR A
Ca @B T IF, BN Py Ca” IRk Y X Az 4%
L AT DU g S AR R, A5G0 AR K R
T HES 20 i 1 N S48 J 1. X FROS 5 Ca” (i 11 [F]
BT DR 2 40 B B FE O 2, i LA S N AN [ ) AR
BEEAE. fETF AR, X — YRS R, RN
20 Pt 75 B e AN [F] A S, DAZERFIL B 3T A
HOBH A

3 ROS, Ca” 541434k

3.1 ROSH#ET 4L

Bl B FEIERAN, AR R 15 ZEROSAE /441 i 5
Gaferh A E EEA M, RIROSHE IS MU T 41 i dy
iz, PEROSXI AR M 5 4 A2 B RN, W IEFRZ4ERR (4
4 2 ReE DL S5 SR e 4 R B A AR Tl
IRARKE X

YRR BCRAA BRAIA 2 N S, X5
T B AL FERGZ UIAHOC. AR, REYIRes 2
Pt f T R A I T R R A, FLAE20164F, ARk
00 B A AR 1 B B 4 A2 1 2 A F mito-cp YFPAS I
LR A SEUZ (mitoflash, BV BAANZR KA Py RS2 R B 1
HEHERRR . BARMEARILR). ERERMERFO,
3, SFI8KAsMmitoflash, & Blmitoflash?E A 4H ffu 5 4
T2 LRI B AR BRI ORI R, XA Th BE
JE I NanogF ik L & 4K, Nanogkf T-40 o rT H #
SR AT A T BT o B, AHE ST [ B % mito-
flashifi i J5 3l 2 F B (R i Nanog % 1A b i1 i B
i (P2). 7 4 A IR B, mitoflashbRid b A2 18
TNk, Tet2 ® %5 %) 5Nanog g 2l 145 & 51 E2DNA 2 F
AR = BRI dris, B 70 TR AL,
HRAWAEROSHE =1 H g FERCR AW 2= Thie, Ak
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N PEREBERINEHE (Tet-2)
S0 Nanog BE15 DNA
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Figure 2 Mitoflash enhanced reprogramming mechanism. By Figdraw

SUR A AT SR AL R AN, A
T FEIE R I, mtDNAZR AL Al e il ~ i AL B R
b - FROSHIRE £ THLESCsHIAHS, TESCsH
L T 2 (A REPE T 20 MR AE). 20194F, Burtenshaw
i NV 0 Y ROS I I TR Ak . 389 A
T, T8N 4 M dris 1 2o, AT i I 78 P AR B
S BUME A ISEE, an il AL S

2R R R 3 1 % 4 L (mitochondrial permeability
transition pore , mPTP) & 77 1E T2 ki A PN AN 2 8] 1
EEE AW, FIAFE B0 DURE IS 2R b 1 58 o1 25+ FI 4K
W™, mPTPJE 2 i 25 1) 56 B R B, 76 4 i
AT R EEEEN A, RLBREHAK
W, EEmEFYIM B, mPTPE i 8 I, 5
MtROSEE L, fisl & T 7 I mtROS/miR-101cif# %, miR-
10 1c 38 A2 i 44 B A% N B R 420 [R5 465 R 3 - 45 2R
H8(plant homeodomain finger protein 8, PHF8)[#]#
ik ETF, PHF8H) 4 BIE 1 o~ X — R (a-Ketogluta-
rate, o-KG)M/KF 15 2]#¢ 5. PHF8E T k>
H3K9me2 MIH3K27me3 (B 4 A2 (U BEAT) (1 &, JF A%
BANE Z R R A 3T 145 A, AT R A4 4 i
R % TR RGIRIEROSHE /3 5 Jn FE AR 19 2E )
T Re I e B LA, A AT I A DB T B A
k.

MSCs2&—FZH T4, HEAGZ m o).
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RN, B8, BRI WU, EKFAE i 2548
FEMSCsHI T BRIE, A [F AL IMSCs it kb3R5 )
O, R E WA, HEAEHLI A2 H IO, K EE
F1%HTEN. & 215 5 B S mIMSCs 1) fe & i
iz, HAFmiEWnt, FOXO, Hedgehog, iXid i+
MSCs [ BB FlR IR ik 2 I 2R AL A w5t %
M, ADSCsfiHE it ferh, SRR DIRerHRIR, % M
{EBESIRT3F AN, J5 XK ILSIRT3 Reil it 2 Lk
WS A AL Y 1 B (manganese superoxide dismutase,
MnSOD), MIfM#E/SROSHER, (RiEADSCsHH 731k,
A, SIRT3fE B 2R i fh Fi 1% 1 4 1) 5 A& AR+
HAEH, SRk B IhRe, FRRROSHIAE K,
T35 ADSCs i 434117,

PEARIE, 2k A 1 AR RIE G ) S AR AR T
MR A is oo R HE RIS EO/E A, mid iR E
AW 1A FROSKF R FENSCshiris™. bk 1y
EAEROSTE 5ok 5 5 T 40 M 1) i iz s A% (R 1--E2
AR F-2(nuclear factor erythroid 2-related factor 2,
NRF2){K i & B g, @IENRF2/ ) F LR B 1% 0
TR BT AR R " WA ERE, X
TG Fede H— A SRR S5 14 A8 A0 Fi 3 148 i s P A
Y, TR R, NSCsHIE K 1) 2R K7 4 4 35 AR
FIROS/KFH- e i3k B FREEHT, T Zebi Ak [ iy (R3S
KR FEROS/KFIE N, 75 FHH] B R EF R REE
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ik, R S 4 i ist,

52, ROSTET-ZH I fiviz 42 i 1o EE
MIVEH, 1 gt B4 A8 1k e R AL St
DL, 54 ST ) T AE O 38 HEROSTE T4l i 43
e e, (HENLH A T ATE £, B TROS
ET 2R L T T 7 2 BUS —E R, BT
VL AP, X FROSU S 5 T-4H i /L1
BARMLHIAT TR RN AL

32 Ca" T4k

2 0 i 32 R FNAH LS4 OB T 22 FE 543
B IR TAS BT R OIS, Ca” R 40 Py () 4
TARAE, WU 2 A7 A 2 R g R ik
FEEE/EN.
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Figure 3 Mechanism of autophagy production by Ca”" stem cells that regulate oxidative stress states. By Figdraw

N T FREROSHICa™ 7840 i T v (1 By [5) Y 42 % T FF
RFTVETT RS AN A BB R X

5 RESARK

T RROSIERECa™, BN IEE 40 L B B % % 1)
UIREAR 2 2 0 L, VT2 BB A A B SR 0 T
HROSHICa™ % B i K &, £ T4, &
AT DR FEAS AR ShREEAT 42, AT 520 3140 i 1)
SE A TIN a L

AT A LR A R FEROSE S, R W
ROSTEAH I 5 4 A% H K HEAEFH, ROSHIFIHEE A F
THEEREN AT, ZNRNER E YL 15 HE (Lt
FUBEK. FR, FRATHIHE TR B ROSTE 4 i Ay iz
DNA F AL 7= 2R 5 m ) 46 5t HROS T % DN A
LI U R, X2 — A R I, ROSTE
RNRBES TS H5HETMREIRER. 2. #
TR FR . IR A FEROSTE TA A= IR, AT
LI BH R 72 40 B DO RE I 20 7 N 4% fFTROS 5 41
MIhREMI R R, W] LA ROS K PATE i T4 iy
W SRR RS, XX T4 1
SERAME, UL AR s 4 4 TR0 6 7 (R RCR B A
8B . ROSKMTS5IF 25 K AEMK, WFFEROS

TEFANM A ITER, A BT M40 B 7K ) BA i o
PR AR PR 5 S B R L. SR, Gr el At b R A
ROSK AT T aris 88 2 — kAR, ARt
T B DR NFLARROS W 2 5 T4 i iy ds 1A 4%
(AL, DA B8 bk 1 b R S T 4R i v 7 A
FoAth AR ) = 2 Ak

R Ca” R L 55 6 32 A 7 e 988 4 L F) R
AR W R L A [ R IR T o R A o B AR
F. H R, X 8o A i e R s L R 5 R T ik e 24
YIBTEABIREL.  BAR— R I & IE SL 28 ki i
Ca” 7 5 % T FiloRg b g 22 1B FRO A bk, (EL LR L
HRBE IR IT U5 it — B . ZRbikCa” R 1
JI R 12 T RV 7 SRS g R RS F0N s T R
B I PREE VR TT AN TS VAL YRR IR IT F B

T2 ROSFIEG(E 5 Wt 78 A A7) 28 78 3l Bk dik A
WLas. RSB FOR E LU JLAN T : BEEHAR M K
J&, HEAEZHR RGN 2 HEMAEYE BT
AT AATROSFNZAS 50 T4 R I 4, 75541/
IKP (RURIE 0K 5 B4 7 AS R 200 i S A RO S A 5
525, DL A B . F R EN ST ROS A5 5
2T PN, DL 140 B G 7 A0 P AR R 22 (AR
B, BHROSHIE(E 5 RN F 4 TREFI AR
2, R RETIRIT ik, IRAWFFEROSFIES (5 51

1381



PR P58 T ANE R A 2 R TR T I D RERTR I 4

TR EY AR BT BN IR RASET IR ROk, XSRS E
MIPER. ARRIOFTFOR E— PR RROSRIES (5 58T RIS HIRRN A, Flan, A8 T4 AEs(E 5 rm
P EARAER], XA ISR S 5100 BORIBIT R RGBT . O I AN B LR
M AN A RS AW FCR T, D TARIIR T MR S, A BN IR T A AR R S R R SR

S 3

1 Srinivas U S, Tan B W Q, Vellayappan B A, et al. ROS and the DNA damage response in cancer. Redox Biol, 2019, 25: 101084

2 QilJ,LongQ, Yuan Y, et al. Mitochondrial DNA mutation affects the pluripotency of embryonic stem cells with metabolism modulation. Genome
Instab Dis, 2023, 4: 12-20
Sohal R S, Weindruch R. Oxidative stress, caloric restriction, and aging. Science, 1996, 273: 59—63
4 LiuY, Ruan Z, Liu Z, et al. Organelle remodeling in somatic cell reprogramming. J Mol Cell Biol, 2020, 12: 747-751
5 Chaube R, Hess D T, Wang Y J, et al. Regulation of the skeletal muscle ryanodine receptor/CaH—release channel RyR1 by S-Palmitoylation. J
Biol Chem, 2014, 289: 8612-8619
6 Chen SY, JuH, Wang Y X. Advances in the bidirectional regulatory mechanisms of mitochondrial calcium homeostasis and ATP production (in
Chinese). Chin Anim Sci, 2022, 58: 76-81 [FR/EE, JER, Tk, LR FaAS 5 ATPAE XU Al S LS RT Fdk 8. o B & 4k &, 2022,
58: 76-81]
7 Roderick H L, Berridge M J, Bootman M D. Calcium-induced calcium release. Curr Biol, 2003, 13: R425
8 Berridge M J, Bootman M D, Roderick H L. Calcium signalling: dynamics, homeostasis and remodelling. Nat Rev Mol Cell Biol, 2003, 4: 517—
529
9 Prakriya M, Lewis R S. Store-operated calcium channels. Physiol Rev, 2015, 95: 1383-1436
10 Slusarski D C, Pelegri F. Calcium signaling in vertebrate embryonic patterning and morphogenesis. Dev Biol, 2007, 307: 1-13
11 Jiang L H, Mousawi F, Yang X, et al. ATP-induced Ca2+-signalling mechanisms in the regulation of mesenchymal stem cell migration. Cell Mol
Life Sci, 2017, 74: 3697-3710
12 Evans M J, Kaufman M H. Establishment in culture of pluripotential cells from mouse embryos. Nature, 1981, 292: 154-156
13 Takahashi K, Yamanaka S. Induction of pluripotent stem cells from mouse embryonic and adult fibroblast cultures by defined factors. Cell, 2006,
126: 663-676
14 Ito K, Hirao A, Arai F, et al. Regulation of oxidative stress by ATM is required for self-renewal of haematopoietic stem cells. Nature, 2004, 431:
997-1002
15 Morimoto H, Iwata K, Ogonuki N, et al. ROS are required for mouse spermatogonial stem cell self-renewal. Cell Stem Cell, 2013, 12: 774-786
16 KimJ H, Park S H, Park S G, et al. The pivotal role of reactive oxygen species generation in the hypoxia-induced stimulation of adipose-derived
stem cells. Stem Cells Dev, 2011, 20: 1753-1761
17 Le Belle, Janel E., Nicolas M Orozco, et al. Proliferative neural stem cells have high endogenous ROS levels that regulate self-renewal and
neurogenesis in a PI3K/Akt-dependant manner. Cell stem cell, 2011, 8: 59-71
18 Zhou S, Liang X, Sun Z, et al. MiRNA let-7i promotes radiation-induced pulmonary epithelial-mesenchymal transition by targeting IL-10.
Genome Instab Dis, 2022, 3: 271-284
19 Greer E L, Brunet A. FOXO transcription factors at the interface between longevity and tumor suppression. Oncogene, 2005, 24: 7410-7425
20 Yamazaki S, Iwama A, Takayanagi S, et al. Cytokine signals modulated via lipid rafts mimic niche signals and induce hibernation in
hematopoietic stem cells. EMBO J, 2006, 25: 3515-3523
21 Tothova Z, Kollipara R, Huntly B J, et al. FoxOs are critical mediators of hematopoietic stem cell resistance to physiologic oxidative stress. Cell,
2007, 128: 325-339
22 Miyamoto K, Araki K Y, Naka K, et al. Foxo3a is essential for maintenance of the hematopoietic stem cell pool. Cell Stem Cell, 2007, 1: 101—
112
23 Naka K, Hoshii T, Muraguchi T, et al. TGF-B-FOXO signalling maintains leukaemia-initiating cells in chronic myeloid leukaemia. Nature, 2010,
463: 676-680

1382


https://doi.org/10.1016/j.redox.2018.101084
https://doi.org/10.1007/s42764-022-00093-y
https://doi.org/10.1007/s42764-022-00093-y
https://doi.org/10.1126/science.273.5271.59
https://doi.org/10.1093/jmcb/mjaa032
https://doi.org/10.1074/jbc.M114.548925
https://doi.org/10.1074/jbc.M114.548925
https://doi.org/10.1016/S0960-9822(03)00358-0
https://doi.org/10.1038/nrm1155
https://doi.org/10.1152/physrev.00020.2014
https://doi.org/10.1016/j.ydbio.2007.04.043
https://doi.org/10.1007/s00018-017-2545-6
https://doi.org/10.1007/s00018-017-2545-6
https://doi.org/10.1038/292154a0
https://doi.org/10.1016/j.cell.2006.07.024
https://doi.org/10.1038/nature02989
https://doi.org/10.1016/j.stem.2013.04.001
https://doi.org/10.1089/scd.2010.0469
https://doi.org/10.1016/j.stem.2010.11.028
https://doi.org/10.1007/s42764-022-00089-8
https://doi.org/10.1038/sj.onc.1209086
https://doi.org/10.1038/sj.emboj.7601236
https://doi.org/10.1016/j.cell.2007.01.003
https://doi.org/10.1016/j.stem.2007.02.001
https://doi.org/10.1038/nature08734

REBNE: ARl 2024 E 54 % K8

24

25

26

27
28

29

30

31

32

33

34

35

36

37

38

39

40

41

4

43

44

45

46

47

Gan B, Sahin E, Jiang S, et al. nTORCI1-dependent and -independent regulation of stem cell renewal, differentiation, and mobilization. Proc Natl
Acad Sci USA, 2008, 105: 19384-19389

Chen C, Liu Y, Liu R, et al. TSC-mTOR maintains quiescence and function of hematopoietic stem cells by repressing mitochondrial biogenesis
and reactive oxygen species. J Exp Med, 2008, 205: 2397-2408

Feeley K P, Adams C M, Mitra R, et al. Mdm?2 is required for survival and growth of p53-deficient cancer cells. Cancer Res, 2017, 77: 3823—
3833

Abbas H A, Pant V, Lozano G. The ups and downs of p53 regulation in hematopoietic stem cells. Cell Cycle, 2011, 10: 3257-3262

Ahamad N, Sun Y, Singh B B. Increasing cytosolic Ca”" levels restore cell proliferation and stem cell potency in aged MSCs. Stem Cell Res,
2021, 56: 102560

Cappuccio I, Spinsanti P, Porcellini A, et al. Endogenous activation of mGluS metabotropic glutamate receptors supports self-renewal of cultured
mouse embryonic stem cells. Neuropharmacology, 2005, 49: 196-205

Chambers I, Colby D, Robertson M, et al. Functional expression cloning of nanog, a pluripotency sustaining factor in embryonic stem cells. Cell,
2003, 113: 643-655

Di Giorgi Gerevini V D, Caruso A, Cappuccio I, et al. The mGlu5 metabotropic glutamate receptor is expressed in zones of active neurogenesis
of the embryonic and postnatal brain. Dev Brain Res, 2004, 150: 17-22

Patucha A, Branski P, Kroczka B, et al. Developmental changes in the modulation of cyclic amp accumulation by activation of metabotropic
glutamate receptors. Pol J Pharmacol. 2001, 53:481-486

Defagot M C, Villar M J, Antonelli M C. Differential localization of metabotropic glutamate receptors during postnatal development. Dev
Neurosci, 2002, 24: 272-282

Todorova M G, Fuentes E, Soria B, et al. Lysophosphatidic acid induces Ca”" mobilization and c-Myc expression in mouse embryonic stem cells
via the phospholipase C pathway. Cell Signal, 2009, 21: 523-528

Kim J, Lengner C J, Kirak O, et al. Reprogramming of postnatal neurons into induced pluripotent stem cells by defined factors. Stem Cells, 2011,
29: 992-1000

Neganova I, Zhang X, Atkinson S, et al. Expression and functional analysis of G1 to S regulatory components reveals an important role for CDK2
in cell cycle regulation in human embryonic stem cells. Oncogene, 2009, 28: 20-30

Metcalfe S, Weeds A, Okorokov A L, et al. Wild-type p53 protein shows calcium-dependent binding to F-actin. Oncogene, 1999, 18: 2351-2355
Janossy I, Ubezio P, Apati A, et al. Calpain as a multi-site regulator of cell cycle. Biochem Pharmacol, 2004, 67: 1513—1521

Gonen H, Shkedy D, Barnoy S, et al. On the involvement of calpains in the degradation of the tumor suppressor protein p53. FEBS Lett, 1997,
406: 1722

Zhang W, Lu Q, Xie Z J, et al. Inhibition of the growth of WI-38 fibroblasts by benzyloxycarbonyl-Leu-Leu-Tyr diazomethyl ketone: evidence
that cleavage of p53 by a calpain-like protease is necessary for G1 to S-phase transition. Oncogene, 1997, 14: 255-263
Madreiter-Sokolowski C T, Thomas C, Ristow M. Interrelation between ROS and Ca”" in aging and age-related diseases. Redox Biol, 2020, 36:
101678

Ying Z, Chen K, Zheng L, et al. Transient activation of mitoflashes modulates nanog at the early phase of somatic cell reprogramming. Cell
Metab, 2016, 23: 220-226

Burtenshaw D, Kitching M, Redmond E M, et al. Reactive oxygen species (ROS), intimal thickening, and subclinical atherosclerotic disease.
Front Cardiovasc Med, 2019, 6: 89

Ying Z, Xiang G, Zheng L, et al. Short-term mitochondrial permeability transition pore opening modulates histone Lysine methylation at the early
phase of somatic cell reprogramming. Cell Metab, 2018, 28: 935-945.¢5

Dionigi B, Ahmed A, Pennington E C, et al. A comparative analysis of human mesenchymal stem cell response to hypoxia in vitro: implications
to translational strategies. J Pediatr Surg, 2014, 49: 915-918

Park 1T H, Kim K H, Choi H K, et al. Constitutive stabilization of hypoxia-inducible factor alpha selectively promotes the self-renewal of
mesenchymal progenitors and maintains mesenchymal stromal cells in an undifferentiated state. Exp Mol Med, 2013, 45: e44

Lv Y H, Zhang F Y, Li G Y, et al. Research on mechanism of SIRT3/MnSOD/ROS in regulating osteogenic differentiation of adipose-derived
stem cells (in Chinese). ] Chongqing Med Univ, 2023, 4: 875-881 [ B3/, 7K EERF, 25/ 1, 5. SIRT3/MnSOD/ROSZ: 5 1 % g i Y 1 -4
N AL EIHLRIE 7. RIS R R 241, 2023, 46: 875-881]

1383


https://doi.org/10.1073/pnas.0810584105
https://doi.org/10.1073/pnas.0810584105
https://doi.org/10.1084/jem.20081297
https://doi.org/10.1158/0008-5472.CAN-17-0809
https://doi.org/10.4161/cc.10.19.17721
https://doi.org/10.1016/j.scr.2021.102560
https://doi.org/10.1016/j.neuropharm.2005.05.014
https://doi.org/10.1016/S0092-8674(03)00392-1
https://doi.org/10.1016/j.devbrainres.2004.02.003
https://doi.org/10.1159/000066741
https://doi.org/10.1159/000066741
https://doi.org/10.1016/j.cellsig.2008.12.005
https://doi.org/10.1002/stem.641
https://doi.org/10.1038/onc.2008.358
https://doi.org/10.1038/sj.onc.1202559
https://doi.org/10.1016/j.bcp.2003.12.021
https://doi.org/10.1016/S0014-5793(97)00225-1
https://doi.org/10.1038/sj.onc.1200841
https://doi.org/10.1016/j.redox.2020.101678
https://doi.org/10.1016/j.cmet.2015.10.002
https://doi.org/10.1016/j.cmet.2015.10.002
https://doi.org/10.3389/fcvm.2019.00089
https://doi.org/10.1016/j.cmet.2018.08.001
https://doi.org/10.1016/j.jpedsurg.2014.01.023
https://doi.org/10.1038/emm.2013.87

PR P58 T ANE R A 2 R TR T I D RERTR I 4

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

Khacho M, Clark A, Svoboda D S, et al. Mitochondrial dynamics impacts stem cell identity and fate decisions by regulating a nuclear
transcriptional program. Cell Stem Cell, 2016, 19: 232-247

Leclerc C, Daguzan C, Nicolas M T, et al. L-type calcium channel activation controls the in vivo transduction of the neuralizing signal in the
amphibian embryos. Mech Dev, 1997, 64: 105-110

Leclerc C, Webb S E, Daguzan C, et al. Imaging patterns of calcium transients during neural induction in Xenopus laevis embryos. J Cell Sci,
2000, 113: 3519-3529

Drean G, Leclerc C, Duprat A M, et al. Expression of L-type Ca”" channel during early embryogenesis in Xenopus laevis. Int J Dev Biol, 1995,
39: 1027-1032

Leclerc C, Rizzo C, Daguzan C, et al. Neural determination in Xenopus laevis embryos: control of early neural gene expression by calcium. J Soc
Biol, 2001, 195: 327-337

Hao B, Lu Y, Wang Q, et al. Role of STIM1 in survival and neural differentiation of mouse embryonic stem cells independent of Orail-mediated
Ca”" entry. Stem Cell Res, 2014, 12: 452-466

Wang Y J, Huang J, Liu W, et al. IP3R-mediated Ca™" signals govern hematopoietic and cardiac divergence of FIk1™ cells via the calcineurin-
NFATc3-Etv2 pathway. J Mol Cell Biol, 2017, 9: 274-288

Tran T D N, Yao S, Hsu W H, et al. Arginine vasopressin inhibits adipogenesis in human adipose-derived stem cells. Mol Cell Endocrinol, 2015,
406: 1-9

Deng H, Gerencser A A, Jasper H. Signal integration by Ca”" regulates intestinal stem-cell activity. Nature. 2015, 528: 212-217

Snoeck H. Calcium regulation of stem cells. EMBO Rep, 2020, 21: 50028

Storr S J, Carragher N O, Frame M C, et al. The calpain system and cancer. Nat Rev Cancer, 2011, 11: 364-374

Wang Y, Zhang Y. Regulation of TET protein stability by calpains. Cell Rep, 2014, 6: 278-284

Zhang X, Su J, Jeong M, et al. DNMT3A and TET2 compete and cooperate to repress lineage-specific transcription factors in hematopoietic stem
cells. Nat Genet, 2016, 48: 1014-1023

Galluzzi L, Vitale I, Aaronson S A, et al. Molecular mechanisms of cell death: recommendations of the Nomenclature Committee on Cell Death
2018. Cell Death Differ, 2018, 25: 486541

Singh M, Sharma H, Singh N. Hydrogen peroxide induces apoptosis in HeLa cells through mitochondrial pathway. Mitochondrion, 2007, 7: 367—
373

Wang Z, Wei X, Zhang Y, et al. NADPH oxidase-derived ROS contributes to upregulation of TRPC6 expression in puromycin aminonucleoside-
induced podocyte injury. Cell Physiol Biochem, 2009, 24: 619-626

Lewis K N, Wason E, Edrey Y H, et al. Regulation of Nrf2 signaling and longevity in naturally long-lived rodents. Proc Natl Acad Sci USA,
2015, 112: 3722-3727

Zhang J, Chen G H, Wang Y W, et al. Hydrogen peroxide preconditioning enhances the therapeutic efficacy of Wharton’s Jelly mesenchymal
stem cells after myocardial infarction. Chin Med J, 2012, 125: 3472-3478

Owusu-Ansah E, Banerjee U. Reactive oxygen species prime Drosophila haematopoietic progenitors for differentiation. Nature, 2009, 461: 537—
541

Borodkina A V, Shatrova A N, Deryabin P I, et al. Calcium alterations signal either to senescence or to autophagy induction in stem cells upon
oxidative stress. Aging, 2016, 8: 3400-3418

Xie Y, Chen D, Jiang K, et al. Hair shaft miniaturization causes stem cell depletion through mechanosensory signals mediated by a Piezol-
calcium-TNF-q axis. Cell Stem Cell, 2022, 29: 70-85.€6

Zhou Y K, Yang R L, Liu X M. Hydrogen sulphide alleviatessenescence of human periodontal ligament stem cells by TRPV4 channel mediated
calcium flux. Chin J Dent Res, 2023, 26: 19-27

Chen Y, Qi H, Li X, et al. Suppressing effect of Ca*" blips on puff amplitudes by inhibiting channels to prevent recovery. Phys Rev E, 2016, 94:
022411

1384


https://doi.org/10.1016/j.stem.2016.04.015
https://doi.org/10.1016/S0925-4773(97)00054-3
https://doi.org/10.1242/jcs.113.19.3519
https://doi.org/10.1051/jbio/2001195030327
https://doi.org/10.1051/jbio/2001195030327
https://doi.org/10.1016/j.scr.2013.12.005
https://doi.org/10.1093/jmcb/mjx014
https://doi.org/10.1016/j.mce.2015.02.009
https://doi.org/10.15252/embr.202050028
https://doi.org/10.1038/nrc3050
https://doi.org/10.1016/j.celrep.2013.12.031
https://doi.org/10.1038/ng.3610
https://doi.org/10.1038/s41418-017-0012-4
https://doi.org/10.1016/j.mito.2007.07.003
https://doi.org/10.1159/000257517
https://doi.org/10.1073/pnas.1417566112
https://doi.org/10.1038/nature08313
https://doi.org/10.18632/aging.101130
https://doi.org/10.1016/j.stem.2021.09.009
https://doi.org/10.1103/PhysRevE.94.022411

REBNE: ARl 2024 E 54 % K8

Function and regulation of calcium ions and reactive oxygen
species in pluripotent stem cells
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Pluripotent stem cells have the characteristics of self-renewal and multidirectional differentiation potential, and are the research focus
of regenerative medicine. The study of pluripotent stem cells is conducive to understanding physiological processes such as
development and the pathogenesis of related diseases, and has important theoretical research value and clinical application prospect.
Calcium ions (Ca2+) and reactive oxygen species (ROS) are intracellular signaling molecules that play an important role in the fate
regulation of stem cells. Under normal circumstances, the suitable ROS levels would maintain stem cell self-renewal and promote
differentiation, but too high ROS levels would induce cell apoptosis. Ca”" is involved in the maintenance of stem cell self-renewal in a
variety of ways, including calcium-dependent cell signaling pathways, cell cycles, and epigenetic modifications, and calcium
homeostasis, calcium signaling, and levels have a profound impact on the fate of various types of stem cells. These results are
fundamental to advancing the field of stem cells, providing new opportunities and perspectives for the advancement of biomedical
research and regenerative medicine. The function and regulatory role of Ca’" and ROS in stem cells will continue to be a key focus of
research and application. This article will discuss how ROS and ca®’ regulate the fate of stem cells and the current research status, and
look forward to the future development direction of this field.

reactive oxygen species, calcium ions, mitochondria, epigenetic inheritance, metabolism, pluripotency,
differentiation, stem cell
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