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The moderate restriction of dietary energy intake (dietary restriction: DR) extends the lifespan and health span of various
laboratory animals, suggesting that it delays the aging process inherent in many animal species. Attenuated growth hormone

and insulin-like growth factor-1 (IGF-1) signaling caused by mutations also increases the lifespan of mice, even those allowed
to feed freely. In nematodes, the Daf16, mammalian Forkhead box O (FoxO) transcription factor, was shown to be required for
lifespan extension in response to reduced IGF-1 signaling. Because DR also decreases the plasma concentration of IGF-1 in
mammals, the IGF-1-FoxO axis may play a central role in the lifespan extension effect of DR and, thus, retardation of aging.
Studies using knockout mice under DR conditions revealed the importance of FoxO1 and nuclear factor erythroid-derived
2-like 2 (Nrf2) in tumor suppression, and FoxO3 in lifespan extension. Human genomic studies also identified a strong asso-

ciation between a FOXO3 single nucleotide polymorphism and longevity. The aging mechanism is the most important risk
factor for disease and frailty in aging humans. Therefore, further research on the application of DR to humans, the development
of compounds and drugs that mimic the effects of DR, and mechanisms underlying FOXO3 polymorphisms for longevity is

highly relevant to extending the human health span.
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Forkhead box O (FoxO) B[R T D% E % rhv & L
THR5.

IGF-1 > JFIVIC & 256, ELHE

WFLEE T, M IGF-1m3/413, Pl CTES
5. 9F 0, BHEIRENHA % & OB O KR
MRIZBWTHEBE SN, M50 EN5 72T TIE
L, BATZBWTH — b2 54 >~ (autocrine) 45
L<1E2%7 7 F 4 » (paracrine) FJIZ S 1EH ¥ 5.
IGF-1 DAL, ZD EiiZd D, TEAKD S 55w
SN D E RV E ¥ (growth hormone: GH) |2 & -
THEE NS, D GHITHEIZ EiIcd 58K T ahig
MU 2> & 43k & 7 5 GH-releasing hormone (Ghrh) &
somatostatin |2 & > THEPIRIICHIH S LTV 5.
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(gflr) \ETD /v 7277 AT OESE< Y A
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RIS S L Z L 12X 5T, GH-IGF-15% % ¥l L
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Z v boOANTOEAEKIE, HHEBARBEICBWT
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PEREBHNTIRIRAS, Foxol +/—~ 7 A TIIAH I
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Tz 19

FoxOllE A M L AT MEICBE S 2 @ m 753 %
T L CTwa 9EE 5L, Foxol+/-< 7 AL
3-nitropropionic acid (I $H# &K1 FHEHAI) (12
L DEALA ML A% G 2728, W EHICBT
B HELRTFHRBAEMBE LD BAR Y A TR, 7
3 U, cyclin dependent kinase inhibitor 1A (p21),
growth arrest and DNA-damage-inducible 45 alpha
(Gadd45a), BCL2 like 11 (Bim) 7 & o #fiJig [l #z
f#1L R DNABE, 7R b — 2 AZBE$ 2 mRNA
EHLNVADREICBWTEA LT 20
DR O E L, Foxol+/—~ 7 AT L2 Lo
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JESHIHIRD FALIRET T 5 Z LG SN T 5. 19
COWERTIE, EEO EBENRAETLE AW
T, EEHIEIRZFHHL T b, EELD, 41
[[]l UMD AFEEE % Foxol +/—% H\\TAIT > THz.
L, N2 Rk~ A L F UL, DROJEEINH]
BEASTEG L TV 72,20 Foxol +/—< 7 ZIZB W,
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bol 13-acetate % ¢ J&§ |Z&AF L 721%, Mgz > 7)
> 7 L, N2 DREWBIZ T OFEHEMRE L7z, Nif2
DO E LT X RGN TV 5 glutamate-cysteine
ligase, and catalytic subunit (Gclc)-%> heme oxygenase
(decycling) 1 (Hmox-1)-mRNA D F&HL L X)L 73, ¥
AT~ 7 ADRZ )V — T TlE, ALIZHRTHEIC
EF L7275, Foxol+/—< 7 ATIE, £ODRDEY
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EHELTH, o 2 5 = X L HDR D F A%
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Fig. 1. Dietary Restriction Regulates Cancer and Aging with
Nrf2, FoxO1, and FoxO3 in Mice

L.S. modified the figure based on the supplemental Fig. S7 published in
Shimokawa L., et al., 14, Aging Cell, 2015.'9
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BEE BT E5. ROME T TOREMIZ, TG
REFHROT I /BB ZANTF—HE RS OF
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BNEHAT S, 2

R r—Y2HCT, v AOMEFEE=R, M
bR FHE = 2 FHA L, PI%RE (respiratory quotient:
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7. S b Y R T OHMRILEESE T 5 superoxide
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ROS O # F 22 ¥4 hi%, Mfa I R A% O 7 Rl &
| ZHE 9%, WL b LN, BRfbA ML
AN $ PR 2 B 2 b e v, ZOMR
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sis £V ) BEARIZ—HL T 5,32

Sod2 AL TR I~ 7 A TlX, superoxide D L
ML, #&FE L CDNAGED LA L, 5T
BESEMT 5.3 L Lahs, HavldiEiEl %
W, ZoFMIROMRIE, BILICXLZRTEED
FEMEL RN, S ) Bb 2 S ORI X 5T
DT A Sod2+/—< 7 ATRETWD Z & 2RI
LTwa. —7Jj, Sod2@fn¥ O@FFEH~Y A0
FFA I HE L 72 .3 Ubiquinone O A & 112 B 70
hydroxylase & & — N9 % demethyl-Q 7 (Coq7 7 L <
(Felk-1) BT OFRE~ T AL, BERM<Y 2 X
DOREETL. YD IOERYIATIE, Ibay
R 7 HREOEEILA b L ADEEINT 555, MlgEO
y 37 HOBILGEIHAT 5. 24, I b3
¥ B 7 HEROROS DRI X b L A #ikE % 353
L7AERTH D LEIRTE 5.

DR7 v M3 M2 FYTIZB1F%ROSD—EH
DB R, Sod2+/—~< 7 A, Coq7/clk-1+/—< 7
AETIVOMERIL, BACHICBITSI Pay B
7 D ROS FEA1Z & % mitohormesis it & SZHE L T
5.

DRIZC &K % X b O 2 N U 7 Biogenesis & U
Bioenergetics fill

DRIZI P2 F1) 7 Dbiogenesis @ F5- €5 2
ENHESNTVE D BIZIE, I baryFy7
@ biogenesis, W, 3 A % il 1 3 % peroxisome
proliferative activated receptor, gamma, coactivator |
alpha (Ppargcla#s L < I Pgcla) (X ALFEIZIERFEH
PHEBIZEATZ. I3y F) 7091 X AL
RIS 2. Iy MFROI bar Y TOT
07 4 — A ENT T, e L <IEDRIZE T
BEOI NIy RYT I RTEPEECERH LT
WhZEDTRENT N EELIL, RSE SRV
(Complex IV) @ assembly factor C & % cytochrome ¢
oxidase, subunit 6B1 (Cox6bl) |27 H L 72. Cox6bl
L DR L OGS & o T, 20%FEE Y /37 @5
B L Ty 72.3% Cox6bl 1X, Complex IV &K D
TEBUZ B S- LT 5,394 b b 3 A VR o> B 88 7 i i
JEIZBWVT, COX6BIELFIZERDPHE SN T
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5.5 ORERIL, Cox6bl %S Complex TV D 4§
RERIMEIC EE R EHE2 R L TWB I EERELT
W5,

WA, MR SHE AL, BEMcI hary Py 7
WAL TV A2 TidR <, LIL IV A —
IN—EERERH L THWDE I EDTRENTWS. fl
ZIXVEOBEERL 2MoBEAEIIE 1, 24 L < IX
4EDHEERIV DS 7 B A — /38— #iE1K (supercom-
plexes: SCs) TH 5 (LIILIV,). 4 Z ® SCs DI,
WO SR 1 O fil 3, FEF1n3E & ATP A DR AL,
ROS O i £ O ¥PHfl], & IR EHE &R DR S22 08
ft, IFI PV THENDSY 2 X7 BOEEDH
eIl HFGT eI NTELDEEDS
X, SCsOEWADRIZE > TIREL TWDH L%
R AAYTAPLHESNZI b FY) T
% blue-native (BN) 7 )V ESIKENE % AW CHERZ L
7> 44)

Cox6b1 1 Complex IV D ~EAADI % 12§ %
DT, 340 FFR R D A — 78— EHRTAZ B S L T
WhEHER SN §EF S, Cox6bl LT & B
MR CHEPIFEH S & 5 & IFIEEE SCs DI A
HELTWLIEEMRLL ok X212, R
BE (BRREE =) #5HI9 % &, Cox6bl % FEHH
faCld, MREWEEREI WML, Complex IVDIF %
WEAL, ATPEDAEIIHEML TWE I LIRS
N7z, FFFIZROSO L NS EH L7 L2 A
Cox6b1 M FEHLMNE TI1x, MEBILAKEHKGICL D
BRALA ML AR LT, EEZRLZ. %0, B
LA N L ABROMBLDELZDE D> 72, Cox6bl
DIy F L RO, Complex IV
DOIEHIRT %2 &, MO RER L. ZOERIT,
Cox6bl DFEH L5725, SCs DI & e L, A%
Bex BRSELE LD, MBOMILA L AN
RHERLTWD Z ERRIE L7z,

5l &t < WFFEIL, Cox6bl i fz T ) S B i
&, tBHQIZ X AFEfLA b L A3 LT, Nrf2 2%
WIZFEAT L, Hmox-1, Gele 7z EHUFRIL A - L A H%RE
(2B A ER T OB LA €52 L 2R
L7z 4

WL 72 RS Z DRI S B OB ZER DY 4 X
AN L, RBEORE AT 2 Z L2 H T
Wb < A & W 72G0E O R Il preconditioning “E
TV TIE, Cox6bl DFEHLAS LA L, SCs DILHAME

9 5.4 SCsDLHITMET STV wns, F v

NI Cox6b1 % i 583 S 272 in vitro RN - FF
BILET VT, Cox6bl 2 & %L O PR ENEH,
BlZIE, TR ZAOHFIR I ba v M) 7IRE
FEOMEFEDHRE SN TG 40 5y NEED SR
SN MESHIENZ Coxo6b1 % BT 5B X 72 in vitro
BB - FRIEFTVICBWTY, MM Cal ik
FEoEAZMAZ, TRV AZIHIL, AR
OEAFRE PR SEL T EPHiE Sz 4

N5 D Cox6b] BFIFEHLE T IVR in vivo IZB 1T
% 1%, DRACox6bl |2 & % Complex IVD - &
B\ PRl & I EE SCs DT 2 fRAE L, I
BeREx LA X, R, BRLA N L AT % Bk
LTWAZERRIELTWS., ZOFFRIE, DRO
mitohormesis i & SZFF L T 5.

DRICEZIPOKNU 7HEERIMMICH TS
FoxO3 D&% E|

Fox03, FoxO1 ® I b I ¥ B 7 RFRFEN D
BAFRD 72012, EH O, RKWIC, Hepal-6+
v AR A AAIEL, SVA0ASFEAL IR % HI v C
invitro DEFREAT o /2. FENFNLOEELET D/ v
75 Uil % % L, Flux analyzer # I\ C X b
a2 R T OMFREERE % M5 L 72, Foxo3 #izF
» /v 7 ¥ 0%, Hepal-6, SV40-hepatocyte V> 9
T MR EEDMK T L7z, Foxol i&fnt/ v 2o %
7 ~ 13 Hepal-6 DI FRHE % LT S € 7225, SV40-
hepatocyte (2 (X B L e Ao 72, T D X ) ITH#E
ML RIZE o TERZ L2, FoxO31EI ha v R
T OB Z L T\Wwb 2 EAURIE SN
(Komatsu T., et al. KIEFERT— 4 ).

WIS, B A AL OYFoxo3 +/—< ™7 A O [T i AL ik
POGHELZZI NI P T EHWT, DRO LS
SCsDIL % &t I F 2 >~ N1 7 @ bioenergetics fill
HZ BT % FoxO3 DX EFNZ DWW THRES L7z, #5iR
X, FoxO3ADRIZ L A I+ K1 7 SCs DI
IS THDH I LHREE N2 (Komatsu T, ef al. K
BET—F). TIWHATLT, S bIFYTH
KOWALA b L AR B0 H FoxO3 25 B 5-
LTWaZEAURENTz. 5512, DRI RERE %
FREEED, I hav ) TEEMOEE R A
2L 7o, BUEAIXEE 2B 2 A EAHTEERE DS
FBETDHZEFMSENT WS DT, 4 Z O Rk
13, DROBALEIERA H = AL L L CEETHD L
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M END. FoxO3 D/ v 7 ¥ %, 2 Ol
Brmig 38/, INSoRIE, DRICEXEI
a2 K1) 7 OBEEEHIE I FoxO3 78 8 % 70 1% &) % 54
2L TWBZEERIEBELTVA,

BBhIC

DRET IV & HW2WfZEIC L - T, IGF-12Y 7
FEFD TS 5 FoxO B [N M ONNrf2 D i
BLANHI R BALHIEIC B 2 EEESHL L Ko
7o KRA TR FEERENY & V7o BALIFZE L, B2
DR Ut § 2 LAY A9 2 Sl o AL IE S &
HIEERLTE ZOBEEL SHmoe
FOBEBL T LANVDRLKREVWI AT T 77 5 —
EEZHNBEDT, DROE "ADIGH, DR DOR)H
BT 2L E MR R OB N, & MBI
% FOXO03 D#(n 141 & BFOWIENTIHED IR,
P tbe OEEEMIEEIZEMS NG Z LA
Hfsc& 5.

BEE KPR IE H AR R B4 B o f g
JP15H04682, JP19H04033 DB & 0 72, ARWFSEIC
R o 72 R RFESE - KFPEE s AR A7
Bt REEE-HEOAY v TIZEHT 5.
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