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Rarax
SLIm

WML, TR T, 2oL, Bh Mk - BE 2
BT 5. ShEFToMET ST SToMkoMBstBafEc I hary Y 7olE
FERESZMLL, I hary P TREREKTFORE, $723 ay FY T oEb 2L
THLIEDRDLhoTETVD. ¥ 7 FIEER, MR O MR R M E 6y o P g 1o &
BTHY, WEDHENS, I b3 FY T L Notch, Wnt, YAP/TAZ ¥ 7 F )V & D BHEAVR
ENTVE, FRZANVFTF—EEE L TWEZIFTEEZONTEX/IMay FYT7H, M

HaDBALZHIE L 9 2 EEZKNFTH Y

ERIZOWTHEHT 5.

1. FLC&IC

ISPV F)TOREBPEHHTITENTHS I LT,
L004EDL ERTIC =7 M) OEH» S kS h - £/ T, ¥
TRBREIh TS, I bary ) T7ToRER 3
F RIS X > THREMZIEEZRL, FhEh
DI AR E B2V TWE, I havy FY 7D
WREEZHET 25 V2 ED ) v 72 7Y b A0
R, HBERTOMEFEDOFTEEIC L 5T, Bl & LM
Jan I bay FU7OREOEVIZEETH Y, BHilio
MEFFRPAIAMEICB IS 3 b ay B TEIREDOEHRIH S
Mo TETWA (K1).

HMAREA, 13& AL OMERB X URAOIEEIHF
L, HOHEREN L, FEOMBRoOBEE MBIz 51t
THEENZFD. RATIE, MRS IR o E R
PECBD Y, HEEROMBEEAEO DI, Bwilli=y 52
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EFILIRECHEFF SN Cwd, Billlio 3 e L 51bo
NG YA, BEULBAEICEETH), TONTVADMH
WX, PAERDIEEITREENH L. I v FY T,
KHBRKELZATPHRECTH Y, C ZHIHL, 7R M=
A&HFEL, RHOSOHRLE LTHREELTWS. Zh
53 ba v R 7HHET L AEGHRSRC, FSHE) EK
W, 7ok z0%, REEY, EHERRERME, 14 VIRER S,
B0 EICEE LK FTHS. I I FYTH
ROMBLIZ B 2 5H), HMlia o8 dy o 2 M sk
WCHBELEETFRAZHET A 7FvE, I har Y
TR ORI OWT, AFEO e 2 BT 5.

2. BEECHETZHIPIACNUTEE - FREAFORE

BRI May FYTORy T — 2 G GTP KA
Ty A FI VB YN BB L o TRIES N, il S
NTWaBY. I hay N 7AREE I, MlEtso
b7 — 7RIS X o TR S, Mitofusin (MFN) 1&2
Lo TIrbNas. MENLB X U'MFN2 1, FEB LA
TUmAREEE L, GTPUIKASRIC X ) 2o o m ks
WEPREALTI bay FYTHMREZRIAT 2 L Shp Y,
MFNs i, E3V #—¥Parkinlc X o> TZEFF L&,
PI7IC Lo TTUT TV —AMRAFMICHIShA 2 LT, £
DI Ay FYT7EF—r77V— (R4 b7 7V—) I
Lo THMEEHY. —J Toptic atrophy 1 (OPA1) 13,
I bV RY THEOBAERIEICZ TS, I b VR
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E1 3 bar by 7R MIEGUE

V) 7 IHRSRRER A RDPINE SN 7 ) AT OILE % R
T552 2, I bay N 7SRO R o B
ROFB R LI 5§ 51,

Ibar ) T7o5RE, MIEIZRTES % Dynamin-
related protein-1 (DRP1) I2X o> CHIfIEhCTw5E, &
D LLIEA ) T —DDRPIAS, GRS AR
BEL, GTPOMKGENF ) I —DSFAY v F %
BERELIET, IPAVRYTESHSELHY 3|
Y N7 OGEEBMIE, Mk I bar V) T o
HTHRI A, o T, /MNIKRIZIETET 5 inverted
formin 2 (INF2) H'7 7 F Y HE4 & Myosin I ZHIEI L, 3
Fa Y RYTERERLLCSETE Y. MAE I havE
V7 OG5 2MEESH Y, POTOSRE, I Fa VR
VT7HAEREI Fay N TERIERTS20I1IZ, I har
KU THMEDDRP1 7 575 — % V787 B MFF %4 L TAT
b, — kKT, K Tcosgix, I May M) T7HED
DRP17 ¥ 7% —% 87 EFIS1 %4 L CTirbh, HEiEK
TRAEELZI NIV )T 2BRETL0ITbNAZ L
HRENTY.

INHI by Y T7TOREEHIET S EERTOKRE
BRI BT BEENCOWTIE, 7 AETF V&2 HWTHF
RENTHEY, FRTXRTORFOZAEROKIAE, T
HEHZFI SR T NS, I hay ) TEEI O
WCHEAEFEEICRLS ZEDTELRVERLRF VT AT A XY
NTH LR 5.

KAETMRZE ISR 2 A BRI E MG (trophoblastic
giant cell : TGC) &, FSIWVEVEH A M A v E2HWL,
fald & BHR OB 2 MR 3 225, M2/ v 2 7 MET
ACH B E BRI O X 5T, TGCABIIZ A
L, pigRwEa2sl & L, MiRhoRESEE5] &k
SV BRI, SRR R 1 A AR S R
WL, HiRPICTer A su v EEAT LA, I b
Y Y THEEDF b 7 1 A P450sce (Cypllal) 25, T LA
FO—VOMBEEYML, FLZ Ry R2AERLY, 34
KBILA T O A4 FRAKEBRRES TV 7 A /02 7ar A
FOUIZERT A, I var FY T oML DRP1 O
ZEBLHN, B X UTOPAL & MEN2 DB T 28, RELD
UV F T AMETHE SN, F0PAIOKBE TIZa L
AFO— VO AR E T L7370y DA RS
L7200, I VAV R TEEDNY VI F T LAFRIEFREOK

Ca> R
RE & 38
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HEFELTVWDEZEIRBENTNSE?,

NEAAS A TH I ba vy B 7ERERIE Y 32 8
DE L% HEFEENIONT, BESLAINET M2 2 RIBS
7V Meox2-Cre # W TIT S TW5hb. ZNTH-T
b, Meox2-Cre/Mfn2"? < 7 Z X HERZIZIZ E A EDBELT
ThH20, T AOMPFREAICB VT, MEN22SWHICE
BTHDLPBbR5BY . I EFE 5 72 Meox2-Cre/Mfn2"" O
< 2RI & NS5 ADBRE T, PMROF A XAV
LY, PMRERMICMEN2 2 RIESED L, EXLT
WF v MBS ER, BEIRZGEOME, X5 YO
DREENET 2.

—J5, Mfal 7 v 7 77 b= A0E M2 \E LA 7 B
IR E RV, MFNL2SI b3 ¥ Y 7HHBRELE 7200 <
DKL, MFEN21Z3I ba ¥ FY 7AMBEREG IS Z T, 3
Fay RY T ENRE DR CHREEERFEOZ L AT v
JT7 NI AORBMOENEEZ HNL. I ML
) 7 ENBAROFE N - BORIME, Ca?t R IR E T % ]
ML, AR RS 2 7)) F — < ML o AL 0 5E
WIS A2 EAHEShTWwE Y,

BAEIERIC MmI2 % RIBEE D &, HEOFHEM,
WAMERIEE~D I a >y B 7 OER, HERHEO R B
MAEL, MERLZI M3V FY7DNA (mtDNA) A3
S22 OB R Mn1/2 % RIB S 725413,
MEE9.5~10.5 H O TR L, A% OH TMm/2 % KIE
KEpE, I bhary P TOWA L WS, OFEZ
RT Y. HHRZER X ORISR IS BT S MENT B L O
MFN2 D EEHLX, Ekod /v 2777 b= ADOW5EDR S
ORI R o TWED, Sk, B2 & o NIREERIE
DI - HLIZBIF B MFNs DIFITIC X > T, $XTD
WRBESE 1 BV B HME RS I F MFNs O HI25H 5 92 7%
LriEbhs.

Mm2 E RIS, Opal /7 v 777 b~ 235 H
BB L, OPAL D WM OFEICR L WRTFTH S
ZENb2BEY. OPALIE, I Fa v Y TNERELS, »
Y ATHEERI Y, TR =Y ABEOF 70 cliiio
WY, 5123 bay FY 7 IPRSHRE AR o BHE G
IR D Y, 2K % ATPEADOHIEY 2479 2 &
SRR TH D, D720, OPALIFEEV LI &L, &
I T RARROTA - MLICIRENICE b o TS EE
AbNA. FER OPALIE, ~ 7 ARPEEMNE (embryonic
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stem cell : ESHINE) 25 oL ffleabichETH 5
AV OPAINTF ORISR Y 2O LM TIX, ) AT
WEARETHERLZI bay FY 7REEXRL, I hav

KV 7 & & ERIL (permeability transition pore © PTP)
ABHOL, I ha3 Y Y 7HCDEFICIEEZEE
BoTWDIENL, AR OHHINEODIEF 2 HERC
LUETHDLI ENbhb?.

Drpl R~ A b WWHRIET, Mm2/ v 7 77 ~EH
B, HBCRERE MR 2 K E, T 2.0
v, MRETEHECLELR TR N — Y AREFISEZ 5
T, MRESIEW ISR SN Enl-Cre~ ™ A %
W/, B, BEIERR RIS Dpl 2 RIBEE S L,
HERIETL, 7VvF rfilao I b3y FY TIEREIC
EK7%IEREZR$ . Nestin-Cre ¥ ™7 A % I\ 72 3 o i 4
B Drpl R~ 2T, 7HRM=T ZOHINZ X 25
LA E T, FARICEER 2 RTY. Zhon ) v
77 b= AORNA S ORI X o T, ik
ROWP L ¥ F T AREO KM BIEE SN TB Y, Hiko
FEFEIZBIT S DRP1 OEEM AR I TV 5,

3. ShOCKUTEIREESTFIL

Notch, Wnt, YAP/TAZ ¥ 7 F VI EEHIIL O HEFF IS LB T
HY, Fz, B SRR TREEN 2 MR~ D 55
LLFZIIARTH 5. TEOHFE,S, I ba v Y
7 AN ORI RS L C ¥ 7 F IV & Ji§ 5k
LHERD B ENDR->TETBY, IMIYFYT
BHEPEDOL ST 7 FIVEE LS L, MlaoEdaik
&, b IEEICE b o TV BB 5.

1) Notch
Notchy ZFNVix, EVT7+F 38420, BRoh

THPE OO I I 2= -2 3 Y EWRRICT 5.
Notch ¥ 7 F Vi, Mildo¥gsn, A4, BE, b, F&E
AT RTH 5. FEH#Y 7% (canonical) Notch 3 277 F v
&, MR Rl 2 £E 9 paracrine ¥ 7 F VT, TDO YTV
a7 IMICEW T 5. Notch A AT HME AN E 5
BNV FEBMIE2LS Y 7PV EZITIS &, Notch
BRIV T Y RAEEL, ZBROI A7 EINTwWizy v
I GRS AN L DR T A BB L
AL 1 p-secretase 12 & O YJWT S 41, NotchMifg iy K x 1
(Notch intercellular domain : NICD) 2SHIJJ@ 2 12t & h
%37, NICD I3BMIZBATL, RBPIEGNTICHEAT 5 S
LIZX D, Notch ¥ 7 FIVOBENBET OEE % FHET 5
(2)36>_

YavYa v NTORMIEOFREE®BEIZE W T,
Notch ¥ 7 F WITH ARG HOY A4 7 L HEEBLL, %0
Ka g (posterior follicle cell : PFC) ~D4{t % #E . EGF
ZREY T F VRIS DRPUKFO I Fa» FY 70
M Abid, NICD O 24 LT, Milld o HisE Ik & PFC
HiBEMIL O S ALIC B TH S, DRPIE I AV FY T
OWiFAtA Notch ¥ 7 F VO EfRKT- %05, HLZ9 %
5, DX BHTFANZALBOPIAWTHSHA, 2
DOWFZEIEI ba v B TEIE L Notch ¥ 7 F Vv E#IdHTD
S HETH - 72,

FDW%, FHEOVIFAMBET, I bary M) TEERT
ENotch ¥ ZFNVDF L WO Ld ) 2 lnWiE L7z, Mul)?2
W 2RI~ A0, FAEETOHMEoRE
BT 2R, 72, Mm2d L IX0pal #%BURT &4
72 ES AN O AIIE~ D 5L BEAME T3 % %Y. Notchl ¥
7T O AL OMHIRFTH Y, FEEENotchl V) A —
=T v AL oT, Mn2db L < X0pal 3BT
SEESHINEIE, Roaft, OHME2H, 4H, SHO¥
RTOHLEBFET, Notchl iEMEA LA LTwz, $7-,

g &~ l_);a'aié{ﬁ .
< N repr e
HIRE \\1\1\1 N
4

X2 OEEBEICHITS I b oy K TEIREE Notchl & 77 F Vil
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Mfnl/2 T )5 % RIFE & 72K D Deep RNA & — 27 =~
ZIEHTC, F72, Mm2d LI 0pal DB T S &7
ESHIE A & 70 b & & 72 LML T3, Notchl ¥ 7+ LD
T AR T TdH b Mef2c2, Gatad ¥z 5. 1T O FEH MK
TLTBY, IV M) TRIERTFOREIUETICL - T
Notch ¥ 7 F VA u# L, LMLl shTnws 2 &
Whh»sh, IMaY P TREHENTFOEIMLTICL ST,
I ha v RYTHWRAEL, 2 OB O RN & 2
t522LT, AMTHEBHEC THRAD LI 2 M0
HCa "D FERAMBEL, FRICLoTHNV Y Za—Y V38
WAL 53, Mg Cca 2 LR EES, LA
Yoa—Y rEMET LI ET, Notchl IFMENEIT S
720, I M3 YR TREEMBEBANRBELILICL > TH &
3N ca LAV =2 —1) v 2 FERL
L, Notchl if¥EZ T &2 Tw2 (X2)3.

I baryFYT7TOEEL Notch ¥ 77V & OBHEE, L
JELUA DGR T IMEIN TS, 728 21E, Notch ¥ 7
F VAR  (neural stem cell : NSC) @ H L #E#hg
WCETH LD, NSCOEFRR =2 —1a 7)) Tl
~ND LI BHE S 5. Notch 2 2K 1ZNSC @ JE &) #5145
HOBICAY =20 4T 59, FEBRO~ Y AT,
NSCHJRFET 5 P S @I (ventricular zone) DN HF D
ISPV RYTIRMHELTY S, M4 2 55T
D—DOTHAHMWMETH (subventricular zone) TIZHHALL
ZIPaYRYTHEESRLY, LT, I hav
FY 7 ORE & Notch ¥ 7 F WAIAT S D B#AH 5 Z &
Hhhrb, 512, I PaY ) TEELERATIE ME
i CTHEEN G o 72 EE ML, #IZI bary Y
T A RERRTIIAREGASEMLTB Y, Ixasdic
IMAVRYTERESES L TWDL I ARSI N 3
Fa ) 7 IR EEEE R AR T ATP G O @A THL
ENBIEEMEHEFE (reactive oxygen species : ROS) 1,
A9 72 ROS L A~V TUE IG5 P 8 WS AN W] R 70 BE
HEEZOLNTEY?, NSCHKRAKMLT 58T, ROS
LAV & GLBRALBOR O EEEE R FNRF2 D5 ILUL I + 2
YR T ORFALIZ X o TS B, Botch I Notch
ERT ) VS hy-7 ) 7 I NVEREREEF T, Notch®
S1 72— ~ (Furin) FRUIKF% Bh ¥, Notch ® i Mk %
FH%E4 %% NRF2IZBotch DEE 2 JuiE & &, IS
Notch ¥ 7+ VEMHET S (K2). L7zds>T, I hay
KV 7 OEIE Notch ¥ 77 v & L <, &g o
B, oMb, S SICHIBIE R OMARR 2 THe & TH LML
ZLOFREIN B 2 R T RMEATRIZ E N TV 5.

2) Wnt

Wnt ¥ 7 FVvid, R0 5% TSCOMER, BOHER
BLOGHLERETT 525, FH R Wnt > 7 F IVIGNES; % 5]
XRITY, Wity ZFVIE, WnBa EQELT 45 Y
Rp-HT =L YA I, RIS = v Tl
BoMBH TR 208 TH 5. BEH#ERZ Wnt ¥ 7 F )b

183

Ep-71 7 = ITHAE L, FERE#EN % (non canonical) Wnt
T FNIES-A T = VAARAE L O FEREHENY 22 Wt
TTFNIZBWTIE, Wit B Y RBRFEELRWEE, p-
# 7 = ¥ I, Axin, glycogen synthase kinase-3 (GSK-3),
YAP/TAZ, casein kinase 1 (CK1), adenomatous polyposis coli
(APC), & L TA-TrCP CTHEML S N A MBEHEAHRIZL - T
STREND. —JT, Wnt) H ¥ KOHFLET T, Wnatl
M BT AR E ) VBLLRP O A Z ML,
FORER, BTICPIZE B h T = DY FF VLA
EIN, -7 T =D Wnt DEENEN RN T-TdH % TCF/LEF
R ~NEATEDL L) IR 479 JERHEN) 7 Wnt
RREETIX, Wnt) A FORE L7 Frizzled (Fz2) %%k
%%, Racl, RhoA, £ L T FiitEF D c-Jun N&KiGF F+— ¢
(ONK) ZiEMHALL, Mgtk & &R 8B 2 fER 3 5.
C OREERIE, MR- om ko, b —T oz i
TR MEDO 7a 25 LTBY Y, ol
WM EICEETH 5, wnt-Ca? #E#IE, b9
— DO IFREHE N 2 Wt KR T, Wnt ) ¥ FIZFzICHE &
L, phospholipase C (PLC) %ML LT, MIME PN A
SCa AT E I, I, MREHEERLIA
FHIEEIT AN Y = 2= ¥ ERNIHHAL T AL PR T
DIEFHEALIC D A5 Y,

FRHE 2 Wt ¥ 7 F v, &gl I ba > Py 7
JREMNZET S, TRIN—V A 2FET LY. 25—
~ ML TIE, Watdald Mful, Mfn2, B X O Opal DFEH 1
A, BIUODpI oK TZIIESEZL, I har MY
TOWEZMESE LY, BEFEVI L2, FEHER 7% Wt
YIFNVIEIMIYRYTOF T 7 —THEIA
P77 V—%METHIET, I IV Y T ORI
WEA525%, WEZ2—0YOCAIHHETIE, JEREiE
BWnts ZF A5, I b3y B 7T O45E - @& flEs
%39 JEEHERWnt ) Y RO—DTdH 5 Wntsald,
B Ca® &I by Y THCH O b &BIns &, %
MIZDRP1 D Ser-616 12813 % U ERALIREE & M % 59,
Alex3, b LIZARMCX3E3I by R TICRET 5%
YOXZ T, ARG T Kinesin/Miro/Trak2 #8614 & AH H.
ERL, I bhary Ry 7oMm%keBgesHmy 2. I
B Wit R 1E, S D Alex3 7 ¥ 78 7 B D4 E I
by, I+ F)TORELHRETLT. Lid-T,
Wnts ¥ 7 FIViEI v K 7TEIRE L HERE 2 HII$ 5 2
Lo TETVEY, —JiT, ARG
WREIZBWT, I Iy FY 7EEE) Notchl ¥ 7 F V&
FELZ2E9C, Wty 7 F Ve ZBibd b5 ENTELD
», SHBROMFRICHFE LY. I ray B 7 HEROBY
725, 3 hay B 7AMERE B MEN2 23Ha g <
AT = EREL, MlEEE L2 RENSELI LT,
RIEZPH L TWE Z ERMEESNAL TS Y,

3) YAP/TAZ
YAP (Yes-associated protein) 3 & U°TAZ (transcriptional

AL 5594 %55 25 (2022)
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a s U R
BFAR 575007

Shavky7
FEIR

X3 I bhay Y 7EES ML - 51t

coactivator with PDZ-binding motif) (%% %5 [KF- TEAD/Scal-
loped D LW FTH DY, MBHEEBOMEEET 5.
YAP/TAZ > 7 F VOB IFEH T REKEHO—21F, lbids
DHF A XHIETH B, YAP/TAZO F it H 13, M
B EETSIELT 7TV A Y NT—=2 DR TH
D OV YAPITAZIGMER, F-72F > DFx v ¥y s /4]
Wi v X7 Ik > TSNS, YAPITAZ Y 7 F Vi,
SACIRBE DM WAVE L S 5 720, ~ 7 ZAPMCE 2L %
FLRRIR 500 7 mu BRI S B b S ¢ 5 2 LT E
7&)62).

I ha Y FY 7L Yorkie/ YAPOMEAIY 3 ¥ 3
TNITCTRENTWS. YorkieiGH bz hary FU T %
BliA X, opal, Marf (V3w a3 7/NTOMFN2) D%
BE LA SELY. opal DFEBUKT I, Yorkie H%ihE 3
% M B Al & ALK 0 S H Bl & WS % %Y. YAP-X b 2
YR TAHEAERIZHEE THRAFENTB Y, Yorkiedt b
RET T THAHYAP2 O#FFEIIE, & FADSAMNE T3
Py FYT7OREESIEESTY. I raryFYTH
BLYAPITAZ Y 7 F VORI OB EM L, 2UR EEB XD
ARAFMBTRENT WS, DRPIHEHRE LTHISNT
W7z (Lo LIFIRSHRER ORI Z X ) BHLE S5 2 L o3k
WKCHE XN TWSEY) mdivi-l, b L < I3H AR EZ R
DrplK38A &, YAP/TAZEEWi#{sFCTdH % CTGF, CYR61 5
BEWHT L9, Zopid, I vavy R 7oBEEL
WX o TH &I SNAACHEIT, AMPIEHER ¥ —
YIZLoTHANSINE LRI TS, @l - fias
LIZBIT B YAP/TAZE 2 Fa ¥ R TEIREIZOWTIES
HOWFRIHIRE L 72w,

4. BioME, SMEEHRICHITBHI I FNUTER

Birfeid, 7t L T 2 M AT RO — DR D
FEHEBRE DR AL TSI O IREIZR S 70t X ThH
0, ARMEAEFHOME G LR (retinal pigment epithelial :
RPE) #ifeCH#I THIZE S N7z, RPEMIFLIZHL L 72k
DR S o 721, Wb L, fEH S 7oK s AR I &
b Z LHTERS,

Wi CThr ) RT L, ATZEMESME (induced
pluripotent stem cell : iPS cell) T, &L L7z, 72& %
ERRHE M ORI X o TIER S N 5. iPSHIBIZES

=05sb>

iPSHERE
Bl Sineil

ponleiilinl

7 Shavkyr?
R W

M & R IARE R A L 2 2 AV F— R 2 1T, 3
b ¥ ¥ 78R T DRP1 OEE L & F it - 2z Ak
L7z bay FYTHEEEN 7. wab L2z Ml
DI PV Y TR, FRERIKIECE D 5 2 DR
TS, HOWMLICEETH LY. Stz 5L, 3
Fay B 7IIIAREEAE L, I b3y B 7 OBEN
¥z LT, wMlLELREEZLY (R3)®. I ba
YR T REOHRESIH OZIH T 5 AL S TH
DO I b YR THBRIOMHER-I PR
THEORE Y7 VRS TA™. Lizd-T, I hav
B 7B, MR bEfIc BT, &b BALICALE
L, I ha vy R T7ORELD, I a8 7FRHE
BERBARDH E 2 NG 2 2 b s, R 7 &3]
L, sMeiiicsiatiEs 52 5. FEB, I har
FU 752N TDRPUCIKIAE LI ba vy B 7okt
L O MILICLETH D P, I vay N TR
K F MFN1/2 O R 3513 MRAHE SR 2 & iPS K fa~ D 3538 %
et $ %7,

Ihav Py TEREIE T, R EE L CTMED
Ear W5, FA4—7T (Tn) MR REE A <
I7x2%—T (T MIEIZHET 2™, TP A
&b L3R, AEY—T (Ty HMITIEASL,
B LR OREZRIFL T, ROEGETZEBAD
FREOBIC TG T 5. Te MBI AR K3
505, Ty ER AL\ ACEMKAE T 5. BLRZE W S
LT, THIBIEMELZI bary FY 7THREZRTOI
L, TeifdWi b L7223 ba sy Py 7IREZRT ™.
OPA1 IF &G 1% T IC O A VEET, ToMifd 2 mdivi-1 %
WAL, I Pay MY T7TOFEHEEICLYI I NYT
EMEZEDE, TuNOMLEFEL, PUELRELS LA
T2, PUERET, TWMfio I ~ay Y 7k
L, fRBERIARAE LIGD B, ED X ) AR 1L
EWAs, PUEHIC X > TTWHIEO I ba v B 7 &I
FALL TV A0 b0 o> T nhs, ORIzt T
THIRO L E B b T at 2123 ya»y Y 7EiEss
BIIHGS L TWAL Z EAVRENT.

Sbisifg, & 2 4eE OMINERKE IS L 72 M A o
HROKBHNLN T E IR 5 2 L TH 5. FRiHGERH
MR 2 & FRIA~ O bzt <, s bfisii L7z Ffii
DI Iy FYTIREWEREEZRTD, MREI varF

AL 5594 %55 25 (2022)



Y 7 I ACHEMKAE T A Y. BEIREERIC X o T, WS
2 A R & LRt A o IR AE % v, i BRI
WBAMET 270, Z ot RO LR, 3
Fa Yy FYT7IEMET LY. BB THL 29D
SALEERABE SN TBY, I ha vy B 7 EREHIMHTH
MARTELT, v 7P BHFEL T, ZoMiz%
MA AT MR ED X H IS5 LTw b 2L, Tk
DOfffgE & L CTHEBREE .

X [73

1) Lewis, M.R. & Lewis, W.H. (1914) Mitochondria in tissue cul-
ture. Science, 39, 330-333.

2) Kasahara, A. & Scorrano, L. (2014) Mitochondria: From cell
death executioners to regulators of cell differentiation. Trends
Cell Biol., 24, 761-770.

3) Chen, H., Detmer, S.A., Ewald, A.J., Griffin, E.E., Fraser, S.E.,
& Chan, D.C. (2003) Mitofusins Mfnl and Mfn2 coordinately
regulate mitochondrial fusion and are essential for embryonic
development. J. Cell Biol., 160, 189-200.

4) Koshiba, T., Detmer, S.A., Kaiser, J.T., Chen, H., McCaffery,
JM., & Chan, D.C. (2004) Structural basis of mitochondrial
tethering by mitofusin complexes. Science, 305, 858-862.

5) Tanaka, A., Cleland, M.M., Xu, S., Narendra, D.P., Suen, D.F.,
Karbowski, M., & Youle, R.J. (2010) Proteasome and p97 medi-
ate mitophagy and degradation of mitofusins induced by Parkin.
J. Cell Biol., 191, 1367-1380.

6) Cipolat, S., Martins de Brito, O., Dal Zilio, B., & Scorrano, L.
(2004) OPA1 requires mitofusin 1 to promote mitochondrial fu-
sion. Proc. Natl. Acad. Sci. USA, 101, 15927-15932.

7) Wong, E.D., Wagner, J.A., Gorsich, S.W., McCaffery, J.M.,
Shaw, J.M., & Nunnari, J. (2000) The dynamin-related GTPase,
Mgmlp, is an intermembrane space protein required for main-
tenance of fusion competent mitochondria. J. Cell Biol., 151,
341-352.

8) Olichon, A., Baricault, L., Gas, N., Guillou, E., Valette, A.,
Belenguer, P., & Lenaers, G. (2003) Loss of OPA1 perturbates
the mitochondrial inner membrane structure and integrity, lead-
ing to cytochrome c release and apoptosis. J. Biol. Chem., 278,
7743-7746.

9) Griparic, L., van der Wel, N.N., Orozco, L.J., Peters, P.J., & van
der Bliek, A.M. (2004) Loss of the intermembrane space protein
Mgm1/OPA1 induces swelling and localized constrictions along
the lengths of mitochondria. J. Biol. Chem., 279, 18792-18798.

10) Meeusen, S., DeVay, R., Block, J., Cassidy-Stone, A., Wayson,
S., McCaffery, J.M., & Nunnari, J. (2006) Mitochondrial inner-
membrane fusion and crista maintenance requires the dynamin-
related GTPase Mgml. Cell, 127, 383-395.

11) Frezza, C., Cipolat, S., Martins de Brito, O., Micaroni, M., Bez-
noussenko, G.V., Rudka, T., Bartoli, D., Polishuck, R.S., Danial,
N.N., De Strooper, B., et al. (2006) OPA1 controls apoptotic
cristae remodeling independently from mitochondrial fusion.
Cell, 126, 177-189.

12) Glytsou, C., Calvo, E., Cogliati, S., Mehrotra, A., Anastasia, 1.,
Rigoni, G., Raimondi, A., Shintani, N., Loureiro, M., Vazquez,
J., et al. (2016) Optic atrophy 1 is epistatic to the core MICOS
component MIC60 in mitochondrial cristae shape control. Cell
Rep., 17, 3024-3034.

13) Cogliati, S., Frezza, C., Soriano, M.E., Varanita, T., Quintana-
Cabrera, R., Corrado, M., Cipolat, S., Costa, V., Casarin, A.,

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

185

Gomes, L.C., et al. (2013) Mitochondrial cristac shape deter-
mines respiratory chain supercomplexes assembly and respira-
tory efficiency. Cell, 155, 160-171.

Zhang, P. & Hinshaw, J.E. (2001) Three-dimensional recon-
struction of dynamin in the constricted state. Nat. Cell Biol., 3,
922-926.

Hoppins, S., Lackner, L., & Nunnari, J. (2007) The machines
that divide and fuse mitochondria. Annu. Rev. Biochem., 76,
751-780.

Friedman, J.R., Lackner, L.L., West, M., DiBenedetto, J.R.,
Nunnari, J., & Voeltz, G.K. (2011) ER tubules mark sites of mi-
tochondrial division. Science, 334, 358-362.

Korobova, F., Ramabhadran, V., & Higgs, H.N. (2013) An actin-
dependent step in mitochondrial fission mediated by the ER-
associated formin INF2. Science, 339, 464-467.

Korobova, F., Gauvin, T.J., & Higgs, H.N. (2014) A role for
myosin II in mammalian mitochondrial fission. Curr. Biol., 24,
409-414.

Kleele, T., Rey, T., Winter, J., Zaganelli, S., Mahecic, D., Perre-
ten Lambert, H., Ruberto, F.P., Nemir, M., Wai, T., Pedrazzini,
T., et al. (2021) Distinct fission signatures predict mitochondrial
degradation or biogenesis. Nature, 593, 435-439.

Shikita, M. & Hall, P.F. (1973) Cytochrome P-450 from bovine
adrenocortical mitochondria: An enzyme for the side chain
cleavage of cholesterol. I. Purification and properties. J. Biol.
Chem., 248, 5598-5604.

Chapman, J.C., Polanco, J.R., Min, S., & Michael, S.D. (2005)
Mitochondrial 3 beta-hydroxysteroid dehydrogenase (HSD) is
essential for the synthesis of progesterone by corpora lutea: An
hypothesis. Reprod. Biol. Endocrinol., 3, 11.

Wasilewski, M., Semenzato, M., Rafelski, S.M., Robbins, J., Ba-
kardjiev, A.l., & Scorrano, L. (2012) Optic atrophy 1-dependent
mitochondrial remodeling controls steroidogenesis in tropho-
blasts. Curr. Biol., 22, 1228-1234.

Chen, H., McCaffery, J.M., & Chan, D.C. (2007) Mitochondrial
fusion protects against neurodegeneration in the cerebellum.
Cell, 130, 548-562.

de Brito, O.M. & Scorrano, L. (2008) Mitofusin 2 tethers endo-
plasmic reticulum to mitochondria. Nature, 456, 605-610.
Giacomello, M. & Pellegrini, L. (2016) The coming of age of the
mitochondria-ER contact: A matter of thickness. Cell Death Dif-
fer., 23, 1417-1427.

De Mario, A., Quintana-Cabrera, R., Martinvalet, D., & Giacom-
ello, M. (2017) (Neuro)degenerated Mitochondria-ER contacts.
Biochem. Biophys. Res. Commun., 483, 1096-1109.

Bassoy, E.Y., Kasahara, A., Chiusolo, V., Jacquemin, G., Boy-
dell, E., Zamorano, S., Riccadonna, C., Pellegatta, S., Hulo, N.,
Dutoit, V., et al. (2017) ER-mitochondria contacts control sur-
face glycan expression and sensitivity to killer lymphocytes in
glioma stem-like cells. EMBO J., 36, 1493-1512.

Chen, H., Vermulst, M., Wang, Y.E., Chomyn, A., Prolla, T.A.,
McCaffery, J.M., & Chan, D.C. (2010) Mitochondrial fusion is
required for mtDNA stability in skeletal muscle and tolerance of
mtDNA mutations. Cell, 141, 280-289.

Chen, Y., Liu, Y., & Dorn, G.W. 2nd. (2011) Mitochondrial fu-
sion is essential for organelle function and cardiac homeostasis.
Circ. Res., 109, 1327-1331.

Alavi, M.V., Bette, S., Schimpf, S., Schuettauf, F., Schraermey-
er, U., Wehrl, H.F., Ruttiger, L., Beck, S.C., Tonagel, F., Pichler,
B.J., etal. (2007) A splice site mutation in the murine Opal gene
features pathology of autosomal dominant optic atrophy. Brain,
130, 1029-1042.

A 894 K% 2 5 (2022)


https://doi.org/10.1126/science.39.1000.330
https://doi.org/10.1126/science.39.1000.330
https://doi.org/10.1016/j.tcb.2014.08.005
https://doi.org/10.1016/j.tcb.2014.08.005
https://doi.org/10.1016/j.tcb.2014.08.005
https://doi.org/10.1083/jcb.200211046
https://doi.org/10.1083/jcb.200211046
https://doi.org/10.1083/jcb.200211046
https://doi.org/10.1083/jcb.200211046
https://doi.org/10.1126/science.1099793
https://doi.org/10.1126/science.1099793
https://doi.org/10.1126/science.1099793
https://doi.org/10.1083/jcb.201007013
https://doi.org/10.1083/jcb.201007013
https://doi.org/10.1083/jcb.201007013
https://doi.org/10.1083/jcb.201007013
https://doi.org/10.1073/pnas.0407043101
https://doi.org/10.1073/pnas.0407043101
https://doi.org/10.1073/pnas.0407043101
https://doi.org/10.1083/jcb.151.2.341
https://doi.org/10.1083/jcb.151.2.341
https://doi.org/10.1083/jcb.151.2.341
https://doi.org/10.1083/jcb.151.2.341
https://doi.org/10.1083/jcb.151.2.341
https://doi.org/10.1074/jbc.C200677200
https://doi.org/10.1074/jbc.C200677200
https://doi.org/10.1074/jbc.C200677200
https://doi.org/10.1074/jbc.C200677200
https://doi.org/10.1074/jbc.C200677200
https://doi.org/10.1074/jbc.M400920200
https://doi.org/10.1074/jbc.M400920200
https://doi.org/10.1074/jbc.M400920200
https://doi.org/10.1074/jbc.M400920200
https://doi.org/10.1016/j.cell.2006.09.021
https://doi.org/10.1016/j.cell.2006.09.021
https://doi.org/10.1016/j.cell.2006.09.021
https://doi.org/10.1016/j.cell.2006.09.021
https://doi.org/10.1016/j.cell.2006.06.025
https://doi.org/10.1016/j.cell.2006.06.025
https://doi.org/10.1016/j.cell.2006.06.025
https://doi.org/10.1016/j.cell.2006.06.025
https://doi.org/10.1016/j.cell.2006.06.025
https://doi.org/10.1016/j.celrep.2016.11.049
https://doi.org/10.1016/j.celrep.2016.11.049
https://doi.org/10.1016/j.celrep.2016.11.049
https://doi.org/10.1016/j.celrep.2016.11.049
https://doi.org/10.1016/j.celrep.2016.11.049
https://doi.org/10.1016/j.cell.2013.08.032
https://doi.org/10.1016/j.cell.2013.08.032
https://doi.org/10.1016/j.cell.2013.08.032
https://doi.org/10.1016/j.cell.2013.08.032
https://doi.org/10.1016/j.cell.2013.08.032
https://doi.org/10.1038/ncb1001-922
https://doi.org/10.1038/ncb1001-922
https://doi.org/10.1038/ncb1001-922
https://doi.org/10.1146/annurev.biochem.76.071905.090048
https://doi.org/10.1146/annurev.biochem.76.071905.090048
https://doi.org/10.1146/annurev.biochem.76.071905.090048
https://doi.org/10.1126/science.1207385
https://doi.org/10.1126/science.1207385
https://doi.org/10.1126/science.1207385
https://doi.org/10.1126/science.1228360
https://doi.org/10.1126/science.1228360
https://doi.org/10.1126/science.1228360
https://doi.org/10.1016/j.cub.2013.12.032
https://doi.org/10.1016/j.cub.2013.12.032
https://doi.org/10.1016/j.cub.2013.12.032
https://doi.org/10.1038/s41586-021-03510-6
https://doi.org/10.1038/s41586-021-03510-6
https://doi.org/10.1038/s41586-021-03510-6
https://doi.org/10.1038/s41586-021-03510-6
https://doi.org/10.1016/S0021-9258(19)43546-1
https://doi.org/10.1016/S0021-9258(19)43546-1
https://doi.org/10.1016/S0021-9258(19)43546-1
https://doi.org/10.1016/S0021-9258(19)43546-1
https://doi.org/10.1186/1477-7827-3-11
https://doi.org/10.1186/1477-7827-3-11
https://doi.org/10.1186/1477-7827-3-11
https://doi.org/10.1186/1477-7827-3-11
https://doi.org/10.1016/j.cub.2012.04.054
https://doi.org/10.1016/j.cub.2012.04.054
https://doi.org/10.1016/j.cub.2012.04.054
https://doi.org/10.1016/j.cub.2012.04.054
https://doi.org/10.1016/j.cell.2007.06.026
https://doi.org/10.1016/j.cell.2007.06.026
https://doi.org/10.1016/j.cell.2007.06.026
https://doi.org/10.1038/nature07534
https://doi.org/10.1038/nature07534
https://doi.org/10.1038/cdd.2016.52
https://doi.org/10.1038/cdd.2016.52
https://doi.org/10.1038/cdd.2016.52
https://doi.org/10.1016/j.bbrc.2016.07.056
https://doi.org/10.1016/j.bbrc.2016.07.056
https://doi.org/10.1016/j.bbrc.2016.07.056
https://doi.org/10.15252/embj.201695429
https://doi.org/10.15252/embj.201695429
https://doi.org/10.15252/embj.201695429
https://doi.org/10.15252/embj.201695429
https://doi.org/10.15252/embj.201695429
https://doi.org/10.1016/j.cell.2010.02.026
https://doi.org/10.1016/j.cell.2010.02.026
https://doi.org/10.1016/j.cell.2010.02.026
https://doi.org/10.1016/j.cell.2010.02.026
https://doi.org/10.1161/CIRCRESAHA.111.258723
https://doi.org/10.1161/CIRCRESAHA.111.258723
https://doi.org/10.1161/CIRCRESAHA.111.258723
https://doi.org/10.1093/brain/awm005
https://doi.org/10.1093/brain/awm005
https://doi.org/10.1093/brain/awm005
https://doi.org/10.1093/brain/awm005
https://doi.org/10.1093/brain/awm005

186

31)

32)

33)

34)

35)

36)

37)

38)

39)

40)

41)

42)

43)

44)

45)

46)

Kasahara, A., Cipolat, S., Chen, Y., Dorn, G.W. 2nd, & Scor-
rano, L. (2013) Mitochondrial fusion directs cardiomyocyte dif-
ferentiation via calcineurin and Notch signaling. Science, 342,
734-737.

Piquereau, J., Caffin, F., Novotova, M., Prola, A., Garnier, A.,
Mateo, P., Fortin, D., Huynh, H., Nicolas, V., Alavi, M.V, et al.
(2012) Down-regulation of OPAI alters mouse mitochondrial
morphology, PTP function, and cardiac adaptation to pressure
overload. Cardiovasc. Res., 94, 408-417.

Yamaguchi, Y., Shinotsuka, N., Nonomura, K., Takemoto, K.,
Kuida, K., Yosida, H., & Miura, M. (2011) Live imaging of
apoptosis in a novel transgenic mouse highlights its role in neu-
ral tube closure. J. Cell Biol., 195, 1047-1060.

Wakabayashi, J., Zhang, Z., Wakabayashi, N., Tamura, Y.,
Fukaya, M., Kensler, T.W., lijima, M., & Sesaki, H. (2009) The
dynamin-related GTPase Drpl is required for embryonic and
brain development in mice. J. Cell Biol., 186, 805-816.

Ishihara, N., Nomura, M., Jofuku, A., Kato, H., Suzuki, S.O.,
Masuda, K., Otera, H., Nakanishi, Y., Nonaka, I., Goto, Y., et
al. (2009) Mitochondrial fission factor Drpl is essential for em-
bryonic development and synapse formation in mice. Nat. Cell
Biol., 11, 958-966.

Kopan, R. & Ilagan, M.X. (2009) The canonical Notch signal-
ing pathway: Unfolding the activation mechanism. Cell, 137,
216-233.

Gordon, W.R., Zimmerman, B., He, L., Miles, L.J., Huang, J.,
Tiyanont, K., McArthur, D.G., Aster, J.C., Perrimon, N., Loparo,
J.J., et al. (2015) Mechanical allostery: Evidence for a force
requirement in the proteolytic activation of notch. Dev. Cell, 33,
729-736.

Mitra, K., Rikhy, R., Lilly, M., & Lippincott-Schwartz, J. (2012)
DRP1-dependent mitochondrial fission initiates follicle cell
differentiation during Drosophila oogenesis. J. Cell Biol., 197,
487-497.

Hitoshi, S., Alexson, T., Tropepe, V., Donoviel, D., Elia, A.J.,
Nye, J.S., Conlon, R.A., Mak, T.W., Bernstein, A., & van der
Kooy, D. (2002) Notch pathway molecules are essential for the
maintenance, but not the generation, of mammalian neural stem
cells. Genes Dev., 16, 846-858.

Koch, U., Lehal, R., & Radtke, F. (2013) Stem cells living with
a Notch. Development, 140, 689-704.

Khacho, M., Clark, A., Svoboda, D.S., Azzi, J., MacLaurin, J.G.,
Meghaizel, C., Sesaki, H., Lagace, D.C., Germain, M., Harper,
M.E., et al. (2016) Mitochondrial dynamics impacts stem cell
identity and fate decisions by regulating a nuclear transcriptional
program. Cell Stem Cell, 19, 232-247.

Zhou, D., Shao, L., & Spitz, D.R. (2014) Reactive oxygen spe-
cies in normal and tumor stem cells. Adv. Cancer Res., 122,
1-67.

Chi, Z., Byrne, S.T., Dolinko, A., Harraz, M.M., Kim, M.S.,
Umanah, G., Zhong, J., Chen, R., Zhang, J., Xu, J., et al. (2014)
Botch is a gamma-glutamyl cyclotransferase that deglycinates
and antagonizes Notch. Cell Rep., 7, 681-688.

Clevers, H. & Nusse, R. (2012) Wnt/beta-catenin signaling and
disease. Cell, 149, 1192-1205.

Sato, T., van Es, J.H., Snippert, H.J., Stange, D.E., Vries, R.G.,
van den Born, M., Barker, N., Shroyer, N.F., van de Wetering,
M., & Clevers, H. (2011) Paneth cells constitute the niche for
Lgr5 stem cells in intestinal crypts. Nature, 469, 415-418.

Van Camp, J K., Beckers, S., Zegers, D., & Van Hul, W. (2014)
Whnt signaling and the control of human stem cell fate. Stem Cell
Rev., 10, 207-229.

47)

48)

49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

59)

60)

61)

Li, V.S., Ng, S.S., Boersema, P.J., Low, T.Y., Karthaus, W.R.,
Gerlach, J.P., Mohammed, S., Heck, A.J., Maurice, M.M.,
Mahmoudi, T., et al. (2012) Wnt signaling through inhibition of
beta-catenin degradation in an intact Axinl complex. Cell, 149,
1245-1256.

Azzolin, L., Panciera, T., Soligo, S., Enzo, E., Bicciato, S., Du-
pont, S., Bresolin, S., Frasson, C., Basso, G., Guzzardo, V., et al.
(2014) YAP/TAZ incorporation in the beta-catenin destruction
complex orchestrates the Wnt response. Cell, 158, 157-170.
Heisenberg, C.P., Tada, M., Rauch, G.J., Saude, L., Concha,
M.L., Geisler, R., Stemple, D.L., Smith, J.C., & Wilson, S.W.
(2000) Silberblick/Wntl1 mediates convergent extension move-
ments during zebrafish gastrulation. Nature, 405, 76-81.

Sinha, T., Wang, B., Evans, S., Wynshaw-Boris, A., & Wang,
J. (2012) Disheveled mediated planar cell polarity signaling is
required in the second heart field lineage for outflow tract mor-
phogenesis. Dev. Biol., 370, 135-144.

Gomez-Orte, E., Saenz-Narciso, B., Moreno, S., & Cabello, J.
(2013) Multiple functions of the noncanonical Wnt pathway.
Trends Genet., 29, 545-553.

Ming, M., Wang, S., Wu, W., Senyuk, V., Le Beau, M.M., Nuci-
fora, G., & Qian, Z. (2012) Activation of Wnt/beta-catenin pro-
tein signaling induces mitochondria-mediated apoptosis in hema-
topoietic progenitor cells. J. Biol. Chem., 287, 22683-22690.
Brown, K., Yang, P., Salvador, D., Kulikauskas, R., Ruohola-
Baker, H., Robitaille, A.M., Chien, A.J., Moon, R.T., & Sher-
wood, V. (2017) WNT/beta-catenin signaling regulates mito-
chondrial activity to alter the oncogenic potential of melanoma
in a PTEN-dependent manner. Oncogene, 36, 3119-3136.
Godoy, J.A., Arrazola, M.S., Ordenes, D., Silva-Alvarez, C.,
Braidy, N., & Inestrosa, N.C. (2014) Wnt-5a ligand modulates
mitochondrial fission-fusion in rat hippocampal neurons. J. Biol.
Chem., 289, 36179-36193.

Silva-Alvarez, C., Arrazola, M.S., Godoy, J.A., Ordenes, D., &
Inestrosa, N.C. (2013) Canonical Wnt signaling protects hip-
pocampal neurons from Abeta oligomers: Role of non-canonical
Wnt-5a/Ca(2+) in mitochondrial dynamics. Front. Cell. Neuro-
sci., 7, 97.

Lopez-Domenech, G., Serrat, R., Mirra, S., D'Aniello, S., So-
morjai, I., Abad, A., Vitureira, N., Garcia-Arumi, E., Alonso,
M.T., Rodriguez-Prados, M., et al. (2012) The eutherian armcx
genes regulate mitochondrial trafficking in neurons and interact
with Miro and Trak2. Nat. Commun., 3, 814.

Serrat, R., Lopez-Domenech, G., Mirra, S., Quevedo, M.,
Garcia-Fernandez, J., Ulloa, F., Burgaya, F., & Soriano, E. (2013)
The non-canonical Wnt/PKC pathway regulates mitochondrial
dynamics through degradation of the arm-like domain-containing
protein Alex3. PLoS One, 8, ¢67773.

Kim, Y.M., Krantz, S., Jambusaria, A., Toth, P.T., Moon, H.G.,
Gunarathna, 1., Park, G.Y., & Rehman, J. (2021) Mitofusin-2
stabilizes adherens junctions and suppresses endothelial inflam-
mation via modulation of beta-catenin signaling. Nat. Commun.,
12, 2736.

Dong, J., Feldmann, G., Huang, J., Wu, S., Zhang, N., Comer-
ford, S.A., Gayyed, M.F., Anders, R.A., Maitra, A., & Pan, D.
(2007) Elucidation of a universal size-control mechanism in
Drosophila and mammals. Cel//, 130, 1120-1133.

Kapoor, A., Yao, W., Ying, H., Hua, S., Liewen, A., Wang, Q.,
Zhong, Y., Wu, C.J., Sadanandam, A., Hu, B., et al. (2014) Yapl
activation enables bypass of oncogenic Kras addiction in pancre-
atic cancer. Cell, 158, 185-197.

Zanconato, F., Forcato, M., Battilana, G., Azzolin, L., Quaranta,

A 894 K% 2 5 (2022)


https://doi.org/10.1126/science.1241359
https://doi.org/10.1126/science.1241359
https://doi.org/10.1126/science.1241359
https://doi.org/10.1126/science.1241359
https://doi.org/10.1093/cvr/cvs117
https://doi.org/10.1093/cvr/cvs117
https://doi.org/10.1093/cvr/cvs117
https://doi.org/10.1093/cvr/cvs117
https://doi.org/10.1093/cvr/cvs117
https://doi.org/10.1083/jcb.201104057
https://doi.org/10.1083/jcb.201104057
https://doi.org/10.1083/jcb.201104057
https://doi.org/10.1083/jcb.201104057
https://doi.org/10.1083/jcb.200903065
https://doi.org/10.1083/jcb.200903065
https://doi.org/10.1083/jcb.200903065
https://doi.org/10.1083/jcb.200903065
https://doi.org/10.1038/ncb1907
https://doi.org/10.1038/ncb1907
https://doi.org/10.1038/ncb1907
https://doi.org/10.1038/ncb1907
https://doi.org/10.1038/ncb1907
https://doi.org/10.1016/j.cell.2009.03.045
https://doi.org/10.1016/j.cell.2009.03.045
https://doi.org/10.1016/j.cell.2009.03.045
https://doi.org/10.1016/j.devcel.2015.05.004
https://doi.org/10.1016/j.devcel.2015.05.004
https://doi.org/10.1016/j.devcel.2015.05.004
https://doi.org/10.1016/j.devcel.2015.05.004
https://doi.org/10.1016/j.devcel.2015.05.004
https://doi.org/10.1083/jcb.201110058
https://doi.org/10.1083/jcb.201110058
https://doi.org/10.1083/jcb.201110058
https://doi.org/10.1083/jcb.201110058
https://doi.org/10.1101/gad.975202
https://doi.org/10.1101/gad.975202
https://doi.org/10.1101/gad.975202
https://doi.org/10.1101/gad.975202
https://doi.org/10.1101/gad.975202
https://doi.org/10.1242/dev.080614
https://doi.org/10.1242/dev.080614
https://doi.org/10.1016/j.stem.2016.04.015
https://doi.org/10.1016/j.stem.2016.04.015
https://doi.org/10.1016/j.stem.2016.04.015
https://doi.org/10.1016/j.stem.2016.04.015
https://doi.org/10.1016/j.stem.2016.04.015
https://doi.org/10.1016/B978-0-12-420117-0.00001-3
https://doi.org/10.1016/B978-0-12-420117-0.00001-3
https://doi.org/10.1016/B978-0-12-420117-0.00001-3
https://doi.org/10.1016/j.celrep.2014.03.048
https://doi.org/10.1016/j.celrep.2014.03.048
https://doi.org/10.1016/j.celrep.2014.03.048
https://doi.org/10.1016/j.celrep.2014.03.048
https://doi.org/10.1016/j.cell.2012.05.012
https://doi.org/10.1016/j.cell.2012.05.012
https://doi.org/10.1038/nature09637
https://doi.org/10.1038/nature09637
https://doi.org/10.1038/nature09637
https://doi.org/10.1038/nature09637
https://doi.org/10.1007/s12015-013-9486-8
https://doi.org/10.1007/s12015-013-9486-8
https://doi.org/10.1007/s12015-013-9486-8
https://doi.org/10.1016/j.cell.2012.05.002
https://doi.org/10.1016/j.cell.2012.05.002
https://doi.org/10.1016/j.cell.2012.05.002
https://doi.org/10.1016/j.cell.2012.05.002
https://doi.org/10.1016/j.cell.2012.05.002
https://doi.org/10.1016/j.cell.2014.06.013
https://doi.org/10.1016/j.cell.2014.06.013
https://doi.org/10.1016/j.cell.2014.06.013
https://doi.org/10.1016/j.cell.2014.06.013
https://doi.org/10.1038/35011068
https://doi.org/10.1038/35011068
https://doi.org/10.1038/35011068
https://doi.org/10.1038/35011068
https://doi.org/10.1016/j.ydbio.2012.07.023
https://doi.org/10.1016/j.ydbio.2012.07.023
https://doi.org/10.1016/j.ydbio.2012.07.023
https://doi.org/10.1016/j.ydbio.2012.07.023
https://doi.org/10.1016/j.tig.2013.06.003
https://doi.org/10.1016/j.tig.2013.06.003
https://doi.org/10.1016/j.tig.2013.06.003
https://doi.org/10.1074/jbc.M112.342089
https://doi.org/10.1074/jbc.M112.342089
https://doi.org/10.1074/jbc.M112.342089
https://doi.org/10.1074/jbc.M112.342089
https://doi.org/10.1038/onc.2016.450
https://doi.org/10.1038/onc.2016.450
https://doi.org/10.1038/onc.2016.450
https://doi.org/10.1038/onc.2016.450
https://doi.org/10.1038/onc.2016.450
https://doi.org/10.1074/jbc.M114.557009
https://doi.org/10.1074/jbc.M114.557009
https://doi.org/10.1074/jbc.M114.557009
https://doi.org/10.1074/jbc.M114.557009
https://doi.org/10.3389/fncel.2013.00097
https://doi.org/10.3389/fncel.2013.00097
https://doi.org/10.3389/fncel.2013.00097
https://doi.org/10.3389/fncel.2013.00097
https://doi.org/10.3389/fncel.2013.00097
https://doi.org/10.1038/ncomms1829
https://doi.org/10.1038/ncomms1829
https://doi.org/10.1038/ncomms1829
https://doi.org/10.1038/ncomms1829
https://doi.org/10.1038/ncomms1829
https://doi.org/10.1371/journal.pone.0067773
https://doi.org/10.1371/journal.pone.0067773
https://doi.org/10.1371/journal.pone.0067773
https://doi.org/10.1371/journal.pone.0067773
https://doi.org/10.1371/journal.pone.0067773
https://doi.org/10.1038/s41467-021-23047-6
https://doi.org/10.1038/s41467-021-23047-6
https://doi.org/10.1038/s41467-021-23047-6
https://doi.org/10.1038/s41467-021-23047-6
https://doi.org/10.1038/s41467-021-23047-6
https://doi.org/10.1016/j.cell.2007.07.019
https://doi.org/10.1016/j.cell.2007.07.019
https://doi.org/10.1016/j.cell.2007.07.019
https://doi.org/10.1016/j.cell.2007.07.019
https://doi.org/10.1016/j.cell.2014.06.003
https://doi.org/10.1016/j.cell.2014.06.003
https://doi.org/10.1016/j.cell.2014.06.003
https://doi.org/10.1016/j.cell.2014.06.003
https://doi.org/10.1038/ncb3216

62)

63)

64)

65)

66)

67)

E., Bodega, B., Rosato, A., Bicciato, S., Cordenonsi, M., & Pic-
colo, S. (2015) Genome-wide association between YAP/TAZ/
TEAD and AP-1 at enhancers drives oncogenic growth. Nat.
Cell Biol., 17, 1218-1227.

Panciera, T., Azzolin, L., Fujimura, A., Di Biagio, D., Frasson,
C., Bresolin, S., Soligo, S., Basso, G., Bicciato, S., Rosato, A., et
al. (2016) Induction of expandable tissue-specific stem/progeni-
tor cells through transient expression of YAP/TAZ. Cell Stem
Cell, 19, 725-737.

Nagaraj, R., Gururaja-Rao, S., Jones, K.T., Slattery, M., Negre,
N., Braas, D., Christofk, H., White, K.P., Mann, R., & Banerjee,
U. (2012) Control of mitochondrial structure and function by the
Yorkie/YAP oncogenic pathway. Genes Dev., 26, 2027-2037.
Bordt, E.A., Clerc, P., Roelofs, B.A., Saladino, A.J., Tretter, L.,
Adam-Vizi, V., Cherok, E., Khalil, A., Yadava, N., Ge, S.X., et
al. (2017) The putative Drpl inhibitor mdivi-1 is a reversible mi-
tochondrial complex I inhibitor that modulates reactive oxygen
species. Dev. Cell, 40, 583-94.¢6.

von Eyss, B., Jaenicke, L.A., Kortlever, R.M., Royla, N., Wiese,
K.E., Letschert, S., McDuffus, L.A., Sauer, M., Rosenwald, A.,
Evan, G.L., et al. (2015) A MYC-driven change in mitochondrial
dynamics limits YAP/TAZ function in mammary epithelial cells
and breast cancer. Cancer Cell, 28, 743-757.

Wolff, G. (1895) Entwicklungsphysiologische studien 1. Die
regeneration der urodelenlinse. German: Wilhelm Roux's Arch
Entw Mechan Org., 380-390.

Prieto, J., Leon, M., Ponsoda, X., Sendra, R., Bort, R., Ferrer-
Lorente, R., Raya, A., Lopez-Garcia, C., & Torres, J. (2016)
Early ERK1/2 activation promotes DRP1-dependent mitochon-
drial fission necessary for cell reprogramming. Nat. Commun., 7,
11124.

68) Folmes, C.D., Nelson, T.J., Martinez-Fernandez, A., Arrell, D.K.,
EETE
QLR HF (h2iEH HDOI)

EYCRZED AR BIITEIERT,  #ro Al

BT FERERE, 2 R SRS B
WA (Hs).
WESE 1978 4E ¥ £ E F . 20024F

PR R M A2, 044ET]
KEFEBNA F 3 AT AR iR s
T, 064E [ KB A dy BBl 220 JE Rl
TR T, 08-144E Y 2 2 — 7KK
ARZ, 158K T 7 RERAKRZ, 16

4 200 Bk

69)

70)

71)

72)

73)

74)

75)

76)

187

Lindor, J.Z., Dzeja, P.P., Ikeda, Y., Perez-Terzic, C., & Terzic, A.
(2011) Somatic oxidative bioenergetics transitions into pluripo-
tency-dependent glycolysis to facilitate nuclear reprogramming.
Cell Metab., 14, 264-271.

Varum, S., Rodrigues, A.S., Moura, M.B., Momcilovic, O., Ea-
sley, C.A. 4th, Ramalho-Santos, J., Van Houten, B., & Schatten,
G. (2011) Energy metabolism in human pluripotent stem cells
and their differentiated counterparts. PLoS One, 6, €20914.
Mishra, P. & Chan, D.C. (2016) EMetabolic regulation of mito-
chondrial dynamics. J. Cell Biol., 212, 379-387.

Wai, T. & Langer, T. (2016) EMitochondrial dynamics and
metabolic regulation. Trends Endocrinol. Metab., 27, 105-117.
Liesa, M. & Shirihai, O.S. (2013) EMitochondrial dynamics in
the regulation of nutrient utilization and energy expenditure. Cell
Metab., 17, 491-506.

Son, M.J., Kwon, Y., Son, M.Y., Seol, B., Choi, H.S., Ryu, SW.,
Choi, C., & Cho, Y.S. (2015) Mitofusins deficiency elicits mito-
chondrial metabolic reprogramming to pluripotency. Cell Death
Differ., 22, 1957-1969.

Buck, M.D., O'Sullivan, D., Klein Geltink, R.I., Curtis, J.D.,
Chang, C.H., Sanin, D.E., Qiu, J., Kretz, O., Braas, D., van der
Windt, G.J., et al. (2016) Mitochondrial dynamics controls T cell
fate through metabolic programming. Cell, 166, 63-76.

Wanet, A., Remacle, N., Najar, M., Sokal, E., Arnould, T.,
Najimi, M., & Renard, P. (2014) Mitochondrial remodeling in
hepatic differentiation and dedifferentiation. Int. J. Biochem. Cell
Biol., 54, 174-185.

Chen, Y., Wong, P.P., Sjeklocha, L., Steer, C.J., & Sahin, M.B.
(2012) EMature hepatocytes exhibit unexpected plasticity by
direct dedifferentiation into liver progenitor cells in culture.
Hepatology, 55, 563-574.

AL 5594 %55 25 (2022)


https://doi.org/10.1038/ncb3216
https://doi.org/10.1038/ncb3216
https://doi.org/10.1038/ncb3216
https://doi.org/10.1038/ncb3216
https://doi.org/10.1016/j.stem.2016.08.009
https://doi.org/10.1016/j.stem.2016.08.009
https://doi.org/10.1016/j.stem.2016.08.009
https://doi.org/10.1016/j.stem.2016.08.009
https://doi.org/10.1016/j.stem.2016.08.009
https://doi.org/10.1101/gad.183061.111
https://doi.org/10.1101/gad.183061.111
https://doi.org/10.1101/gad.183061.111
https://doi.org/10.1101/gad.183061.111
https://doi.org/10.1016/j.devcel.2017.02.020
https://doi.org/10.1016/j.devcel.2017.02.020
https://doi.org/10.1016/j.devcel.2017.02.020
https://doi.org/10.1016/j.devcel.2017.02.020
https://doi.org/10.1016/j.devcel.2017.02.020
https://doi.org/10.1016/j.ccell.2015.10.013
https://doi.org/10.1016/j.ccell.2015.10.013
https://doi.org/10.1016/j.ccell.2015.10.013
https://doi.org/10.1016/j.ccell.2015.10.013
https://doi.org/10.1016/j.ccell.2015.10.013
https://doi.org/10.1038/ncomms11124
https://doi.org/10.1038/ncomms11124
https://doi.org/10.1038/ncomms11124
https://doi.org/10.1038/ncomms11124
https://doi.org/10.1038/ncomms11124
https://doi.org/10.1016/j.cmet.2011.06.011
https://doi.org/10.1016/j.cmet.2011.06.011
https://doi.org/10.1016/j.cmet.2011.06.011
https://doi.org/10.1016/j.cmet.2011.06.011
https://doi.org/10.1016/j.cmet.2011.06.011
https://doi.org/10.1371/journal.pone.0020914
https://doi.org/10.1371/journal.pone.0020914
https://doi.org/10.1371/journal.pone.0020914
https://doi.org/10.1371/journal.pone.0020914
https://doi.org/10.1083/jcb.201511036
https://doi.org/10.1083/jcb.201511036
https://doi.org/10.1016/j.tem.2015.12.001
https://doi.org/10.1016/j.tem.2015.12.001
https://doi.org/10.1016/j.cmet.2013.03.002
https://doi.org/10.1016/j.cmet.2013.03.002
https://doi.org/10.1016/j.cmet.2013.03.002
https://doi.org/10.1038/cdd.2015.43
https://doi.org/10.1038/cdd.2015.43
https://doi.org/10.1038/cdd.2015.43
https://doi.org/10.1038/cdd.2015.43
https://doi.org/10.1016/j.cell.2016.05.035
https://doi.org/10.1016/j.cell.2016.05.035
https://doi.org/10.1016/j.cell.2016.05.035
https://doi.org/10.1016/j.cell.2016.05.035
https://doi.org/10.1016/j.biocel.2014.07.015
https://doi.org/10.1016/j.biocel.2014.07.015
https://doi.org/10.1016/j.biocel.2014.07.015
https://doi.org/10.1016/j.biocel.2014.07.015
https://doi.org/10.1002/hep.24712
https://doi.org/10.1002/hep.24712
https://doi.org/10.1002/hep.24712
https://doi.org/10.1002/hep.24712

