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Mechanisms Underlying Apoptosis Process in Liver Aging
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Abstract Liver is the metabolic organ of the human body, which renders it particularly significant in the
body aging. Fatty liver, liver cirrhosis, liver cancer as well as other senile liver diseases are closely related to liver
aging. More and more research evidences suggest that apoptosis, as a self-eliminating mechanism, play a vital role in
liver aging. Maintaining apoptosis to a certain extent is essential for liver aging: excessive apoptosis of liver cell leads
to liverdisfunction, liver diseases aggravation and ultimately liver failure; whereas apoptosis incapacity of liver cell
may cause the accumulation of damaged cells and lead to its necrosis or hepatocarcinoma. Therefore, only to maintain
a delicate balance of liver cell apoptosis during liver aging, the maximum senescence delay or the minimum impact of
aging on the body can be achieved. Here we select several current research focuses, namely, oxidative stress, genomic
instability, lipotoxicity, endoplasmic reticulum stress and nutrient sensing dysregulation to elaborate the mechanisms
underline apoptosis in liver aging.
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T B EDNARIE (45, £ M 5h 5 75 i e 22
RR, T 27 AT LR 20 0 [ A 4 i H 5
AT A7 AN H 5% I e 3 22 R R R T IR F T AR
T8, AR SRS I A R I 3 2 1A v U T R IR P AL
BEEAE 43R .

1 ATExE

LAk IR 1R A B 20 M AN 38 BB TR A ) K i
1. FE 2 (aging) R AR AN MU A ZE 22, I H 4524 R,
e A M 3T A6 T I AT 2 B B o

PEBEAH MR 2 A Bt I AR, A A & 2 B 2T
IS 5405, 7 S AR, A T i
ZUECH TR i . BRARA S HILFEMLE R
HRAEFET, HE MR A, 4 2 s d il
2 HH O ) W 3R B (senescence-associated secretory
phenotype, SASP)7 s % A4l L Kl 1~ AL 15
B 5 PR g R 7 AR SORE, AT R ] LB A B, B
AR MR AR R SRTT, AR T REAE 4R RO B
A AT T PR AR AN B &, AR — M 2R )
IR STal - ARSI o4 N W)X | RS B ) R =
() —FF AT §E, QBT T8 F1Bcl-2(B cell lymphoma-2)
F1Bcl-xL(B-cell lymphoma-extra large) )il 57
ABT2630 1 (2 HE R T2IE bR 2 E A0, 328 /N B
I8 I - 41 Y 1 v /7™, FOXO4-DRI(D-retro inverso-
isoform of Forkhead box O4)if il 1% P4 H (e i3k i 43
WSASPHEEMMM T HIKE T HEZ PR — L E
G 3B P T AR AR B — R L), 20 i
W TS 5 DR R RIE R I —™. AW, T
SRS P aE 2 1) —Fh 3 ORI B o

PEREE A, T KRR L2
TR DA S X A AR ) TR ? IX L ) @ — R
JE . SalminenCHA Jy, &40 40 i ik Bk [ FRIp53
I8 %, 1 5 NF-xB(nuclear factor-xB)/IAP(inhibitor of
apoptosis)/JNK(c-Jun N-terminal kinases)%l #7514 ,
BB FAEAE . miRNAL R IR i 5512, 1
ST TR ST, I BIXMHRHTUINE 1246 kR
Childs¥5EMA g, 82 4 M2 75 R AR U8 T Bk T 40 i
Y, GNE R ) A A0 B {8 ) R T, T R R AT
YL 5 A 0T 200 i AT ) B R T I PN P P4
B MR bR AR, BT A M L R HCAth 42 4 i 1)
T ORI 5 2 AR T 0 RO % UTAH 551 A
P NE R, G B R T 2 5 e R R I A T T

HEZH B 1192 2R LR AE BT 21 4E AL IR JOE 1in Ja], L2
Ja PR, T AL s S ER 4 AR,
R AT BRI, AT, TR e
R SRAN, i 5 B 55 LA AR 2 A FH . B T
R B R E, EXAIET 5, 48R40
55 AR TR AR IR A A S R A S K
(E3CHEP

2 FRZS5SUNHFSHET
AL EAR R AR VLR N B R 1 AR
(reactive oxygen species, ROS)5 & FRROSHIIR 5 2%
5, HAzOZ&ROS. I 4k, 2R AN A
ROS B A 17 35 40 M 45 M e i 2 2 i RUR R BN
ROS HA7 193 18] 1% 1) B 40 2% A5 250V (hormesis) W £ o
ROS = % B 4 R AK (1) L - 4% 3% % (electron transport
chain, ETC);™ 4=, 5 4 K4 1) T fie B 15 25 V) AH 5%
FEGE ML RN, B 52 22 1 2R A T e Pt 2 T
PLIEH WS AL IR AR 12, A FRAR 21
I JE T AR K B ROS, 4 41 i A IUDNA
HER BB AR AN, G EETROSZ
58418 JF A5 5 % F(redox signaling), 1% %5 41 i
T DA R HoAh IE & i A2 BE DR, T v iR FE ROS I
T 1A S PRI, & R M 25 4 5
Dige 4 s, E20 ™, fEfE RS RS R R
A BRI AR 8 RN TR B AL N
ST AR 9 A A SR ARE R X, ROSTE H:
AR SR, AH EE H A RS 7 A 2R B B O E
JH 2 22 R o O SE A S IBCEOA B O T HLAR E J
caspaseli T TF i PUEALIIREIROR . 2Rk iATh gk
5+ Nrf2(nuclear factor E2-related factor 2) % 1B 75 5
] AIF (apoptosis inducing factor)i& 42 (K1)
Caspase & & JLIH T2 42 1) & EE M6 & 5 HAT
&, DLARBOE B JF AR 1) 8 A A2 T 5T, "I#ROS
{5 510 1 2 A BT K AR R S A 85T OEM . Zhang
SR I, % ZFisher 344K B T 40 P 0 4804k B2
WL AF 2 K BBE O BBORK, At AT A I B caspase-3
caspase-6. caspase-7. caspase-2. caspase-9[1]35 P
415, Fas(TNF receptor superfamily)mRNAF Tt =&
BB FEARAS I B P05 Fr) caspase-8 o A A THI 25 SRR 7R,
SNV T AT BEAE AR BRI B 3 P T R AR 32 B
TEF . A & Fl IR E AL R R D REIROR 5
BRI 1) Tl e P 05 4 1 Bl 22 A S TR
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<~ X EBREY), brERe IR ] T8
ROSHZ . ZRRLAAR I H A7 (Aym) 5 JE3ZE PRI R F7, {2
BRI TR T B . ETCRERS U 5 305 2 ROSH
PR, B4 S 5 D RE, BB RS TS S R
1 ¥ 1 (apoptosis signal-regulating kinase 1, ASK1),
P H L BORINKGE S5 SR T B2 A RM,
FE5ROSTC R AT T, A $i 8 4k 58 71 13GR 4 7]
PLSEUR T, i bk H K AMAL(GSH efflux) S 2017
T2, TG 18 2 B 45048 B 1 2(thioredoxin 2)HE J2& 4l
it Ak W) B {E ¥ (manganese superoxide dismutase,
MnSOD)" 15k [R5 25 1 /I B, FGHF I 40 it P9 28040 Y
W5 T KRR e . B AEE B 20k
SR 107N B R IR HR BN AR T R B G 5 AR A S B
SRR I I A L T 1T MnSODSR R /)N B
Aokt H 2 ki 48 17 ¥ 12 3 i (mitochondrial
permeability transition pore, mtPTP) & 7 Lk, T 82k
AR AN 4 i € 3 2 RIME T TR PR RZ,
1847 e - FLHE (D-galactose) /N R Z AR A A 25T 7K
“K &0 JH (silybum marianum oil) PP HI /N U7, H
JHHE 40 B b S A BE I3 58 . caspase-3¥/b . LA T
HEBel-2iE YEG I, R T, 45 T AR P I
R (polydatin) T ALK /N BRI, A2 i 4 Ak
N 98 E [ SRk ER « Bel-2/Bax(Bcl-2-associated X)
BB i caspase-336 A4 58, P T-#EFIH]. LA
EWE LR, AN SSRGS T A

——{ Oxidative stress "’

Elevated caspases activity
Antioxidant capability decline AIF induced by Nrf2 decline

Ko Feg R FNef2TE VI A 9 5 I IE R E A7 K,
Nrf2ifif #2546 2 Fh 1 80 B 0 e s 5 808, 2 4y
A LV — T B PR AP LAY Arizad PR
Nirf 245 5% (1 B VR TG RS 2T 24 4 it mh B, ZR0RE 44 Dy e
Rt T B E P T . AENr2ER SR/ B 2R
ORI 2 T2 5 2 R DNA B, 1215 3 81
AIFTEA 5| #dcaspasedUid (15 OL F HE AN N, B 3%
FEEDNA, FEUA T,

3 BrsEE SRR S ET

BRI RS E M — E 2 3 32 T R () fg B AL 1 2
—o R ARG B g T K 2 B 2 RN
SMEME R B, ok AL, it B,
M SR, OINE R B S 22 K % AT DN AE AL 1)
DIRE M 552, Z H IDNARY R 7E fr . BARAT
1E % FIDNA$ 75 T 20, {5 40 JfL N 47 £ X 32 i DNA
[ W5 I AL i1, WATM(axia telangiectasia mutated).
ATR(axia telangiectasia and Rad3 related) 5 DNA-
PK(DNA-depen-dent protein kinase). X %& ¥ fiff 1]
AT IR A — Z 41 £ 1 51 LA A- DNA T 473 ) W (DNA
damage response, DDR), i i p538¢BRCA1/2(breast
cancer 1/2)i8 % ¥ 40 B 2 AT B RIE E ik &
T2, Hodr, A7 T o RL I DNA R 4 i br B 11 B2 A A
(shelterin) TR A7 T AN RFBR, JCi2:4 40 i i 1 FIDNA
(R840, P AIX PR Hp S 40140 5 5 s S 4l IR I o

Mitochondrial dysfunction

Nuclear DNA
damage

Activated p38/INK by direct DNA damage
Activared p53 by deficient DNA repair mechanisms

‘ Genomic instability ’ .;‘

MIDNA ‘

Induced intrinsic apoptosis pathway by
mitochondrial dysfunction

damage

‘ Telomere l
dysfunction

Cell cycle statge
P53 mechanism
p53-independent mechanism activated
by shelterin dysfunction

Aging —=
( ) Upregulated death receptors
‘ Lipotoxicity ’ => | Activated p53
— Activated NF-xB
( \ Increased CHOP expression
‘ ER stress ’ = | Activated p53
Decreased SERCA activity
Nutrient sensing - Increased intrinsic apoptosis pathway
dysregulation by IIS and SIRT1 decline

Fig.1 Mechanisms underlying apoptosis process in liver aging

Bl FRAERE AT a0RENS

|:> Apoptosis



1214

ST, fEE, BATE WZDNAB . mtDNAKR
A% R 4 Ty e B RS = A 77 THI A ) 3R J5e R AN A 7 1 Xt
MR AT R
3.1 #%DNAiRs

A NBER 2 %, IR A = v 4t
KA T R 3R B 10 DN A T {56 JH- 441 B 52 57 e A%,
TR X — R . SRR, X DNATR
A 3 SO I8 T 1 15 L2 S DNA H 42 451 105 1
T I p38/INKIH % 5 DNAE & i f 05 (KpS53 18 2%
Suh &5 P [e) 4 K B B A 332 S F RS TR Y i (methy ]
methanesulfonate, MMS), MMSJG 75 A 1 B[l 7] B $2J5%
FAGE M IDNA . 7E 55 S ZDNA T 15 O T,
MM K BRI P (1 B AF5 J 7R1, 0RE FHH 88 1R 175 R 280 R
FLA, AHE I S p3 85 INKGH #5175 & A 41 il K =
T, 3K U B AN () 208 6 0o A T3] SR80 A 1 O T i )
FAFE R fE I FE o, MMSHEUE 1 8 IR IR L
SEK1(SAPK or extracellular signal-regulated protein
kinase kinase 1)/MKK4(MAPK kinase 4)#JThr223, J&
&I JE XBOE T p38 5INKIE B, — & it MR
ATF-2(activating transcription factor-2)fllc-Jun%3:{5 =
FHFHT. IbAh, tEbEE =Z, DNABE NG| DR IE
RGBS MRS EIDNAS A I, B e BE VLR 3 3
FEBSIFATM 1] B§ 2 1£.Chk2(checkpoint kinase 2), ATR
A W2 1k Chk 1 (checkpoint kinase 1), Chk1 5 Chk2 F
S [ % R Ak %% ¢ R 531K Ser20 LA T pS3; AR 4
DNA#5 153 7K ~F 1 & I, p53 1k & 5% i DDB2(DNA
damage-binding protein 2). XPC(xeroderma
pigmentosum, complementation group C). Fenl(flap
structure-specific endonuclease 1) 41 -3 F B R
90 My, & /& H Fas-R(Fas receptor). Bax. Puma(p53
upregulated modulator of apoptosis) ¥ {/e i T 3 [X] 5
RAIT=P, Xpd(TTD)ME 1 /) B R H IR U B2 &
BB RN T2, (I IR A TLER BN, Park&ER7)
KL, caspase-3-5p535K L% Z /N R HI AT
HORERIL, p5351E 7T RN .
3.2 mtDNA#A

mtDNAH ) 2 FEEZ W R F 2 —. T
R G B2 HE AR LA BRIE R
ML # fF mtDNAAH LLAZ DNAE 5 52 2914525, %
5 FE ImtDNAT 75 e 75 3 40 i 32 22, 10 & A2 2 1)
mtDNAH 47 58 75 & 8 0=, ¥F 2 5F 58 CE 5L, 78
N 5/NE 2 P40 i, mtDNATR £ 8@ i IR 14

(LRRLR)IR AR = A P 2032, fEbE S AR 2 )
mtDNAF /& 2 17 75 5E 52 K B JH IR 4 i Hh
I mtDNA E & k0B, 75 582245 ] A I 40 e b
WA 5 2 FImtDNA# 5 BORL A Dy g RS, 7£ 5
22/ B R I mtDNA 5475 AT LU I 2 204, 78
FE 2 K BRI R U 48 i v  IRmtDNA ) 5 &8 5 T fig
e A 2R KAl i AU B 5| S mtDN A
P77 X CAERT I RGE, X B HERFRE, ERS
FEZ AR KA I mtDNA 15 9 B 3R A 1B S04k B 3
— B, KujothZ#C7H HImtDNAKL 1E Ty §E 5k [ ) 2k
Hi& DNA % A1 G(mitochondrial DNA polymerase
G)fk 2R /N BRUBIF 92 K B, mtDNAZR A% b s 1 IE %2
2, FEEZIN T itk i caspase-3 /KT 5 TR, 1
Z LA D RE N B, AH I rh I R A I 21 S S 3T B
I mtDNAF 7. AR AN N, mtDNAR 15 A — € &
FEEA SO, B PEIE IR B AL R B
mtDNA$ 177, mtDNA$ {7 1t — 20 3 BUAAL LB, 1M
BUYH ML IR T0) 2 A7 AE 9] ALY, (HmtDNA$R 15 1) 2 i&
FREGRIAR T RERERT, 3 BAORL A IEE I T B, BRI
I £ 2R SR R T2 [ TG caspase-3, i B 2R Hi A
(WG BRI T
3.3 mmRIIIHERETS

ikl — B R — K AR, ik A1
B ) E A 4T L T DN AAS W7 52 61 5 350 ) 4 i, 3
2 IR P i 0 2 1) i L P £ 0% 1 ek 5, i A #4524 i
82 B VDA S 7 TG I S i A A4 I 2E 31
R, kLAY R T 7E Kupfferdf i A 2 T
2 I A, T 2 5 A 4 i o 4 R A E R
Ui AL PR T R P A 2 2 A B i L1 ) 3 22 T
B N AA AU ) 240 i 2 R el £ s R 4 L 5
P, i RL K D) RE BRAS A BE 112 kIR 5 e B K
A0, A ) e AE S R R 25 ORI R OL T, S ) 2
RE R A5 16 BCDDR, & T AU IH . TERFIE R 2
TR H SR T R R RS- BRI T B B i £
H 55 1A T RE RGO 1 AFpS3id A, i kL g o 2K
WOE ps3ikAe, M H -5 R4 AT AL i 73 ZORSH
Ko

vy % B & 7 41 45 & Al - 2(telomeric repeat-
binding factor 2, TRF2):& i ¥ 25 [ 5 & 74 1 il 53
Z =, AW TRE23 P4 AT LA 5 3508 AL 1) Th e B b5
Lechel 55 ) FH S % BH 48 2 3 40 ) 12~ 14 4 /)
BT A 4B P9 IE O TRE235 1, R I 4% P F) i Ao Ty
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R 15 52 S5O A 4 B 1R 552, B R ) i L I B e A
T S5O 28 B O T, T HL A2 SEBe R Y E T a2 pS3
ML . HAd B 5T R B, 2ok 2k 25 FLAM o
IORA I, BR T pS3MK M ME ik 4% AF, SEADPAZ K2R
4l -1[poly(ADP-ribose) polymerase-1, PARP-1]
DL K p53K [ & Yp73#8 2 5 T2, &k Kt 5L
B IR, p73i& 15 g1 AL A I T 7 v AL T e [ 65 o i
H HZAE H[p737] LB oA Bax . pS3 Ik A T
W #% Xl ¥ (p53 upregulated modulator of apoptosis,
PUMA) 5 caspase-3K 5] 2 1], {H &t = I I 77
B FCUE SR 5 Lechel 51V S5 45 A [F],
Lazzerini &5 A4 4 fic B /0 B I 40 B o 1) TRF2
LR 5 R R BpS3 B BOE S A A T AT TIA
N, BET Go ST 200 Bkt T i A T i P A B AN UK,
It DR TR R A1 5 40 P i Ak 1 4 BOIRASE 5. i
K D Be FE A5G I8 fe 5 BRI D REFR AT, UK 2okl i
b S ol 10 R 7 (1 R B 5 % NI = R N
I 5 A F(peroxisome proliferator-activated receptor
gamma coactivator, PGC)J & PERH A5 4F ¢ 1) 15 K%
WA SahinFFIE S bir T BE B 5 1) v R BERNA
2H 3 Bk % (telomerase RNA component, Terc™ ") Fll ¥
L W 30 4 S I B 2K (telomerase reverse transcriptase,
Tert ")/ H R IR, pS338 BE WO, WO p534:& )
] 7 PGCsJE 21, 51 S 2 SRR Tl g fE AT,
SEET .

4 FRZ5EHSHESHET

JE 107 55 Y 2 48 W & IR 7 BR(free fatty acids,
FEA) ] 4 3 AR T e B 45 11 7 JE AR 197 4. 23 K &
R 2R T U 4 L T B RS BRAE T URAT R AT
7, E P K 4 IR 197 JH 7 (nonalcoholic fatty liver
disease, NAFLD)5 AR k5 1 I 1D %% (non-alcoholic
steatohepatitis, NASH)TE 2 &= N Bf o 5y KU, Bl
AW I OR, ZEE R I 5 &= KPS BUR IE
(1 5 A BE J1 98I, FFALE 40 AR & IR, JH
4 1 1) A AR RE D T R R 3 B B R T R 1) AL
VA e < 3 = S T 11 DR R SR RN
N AENASHIX PR RAE KA F R 22—, FEW
JHE 41 i IR 32 22 A0 K 4 1 3% 21 (senescence-associated
secretory phenotype, SASP)7; WA fiE 48 [K -7 I 5% 1 %8
fiE RN, 5 S T, 2l T, IR RS
FTF R0 T B R LA Je BRI AR R

p53. NF-xBff 5#&1%.

HMIR A JE T 2 A v RIS R TR DT dE N S I
JIRE 453 495 ) B B 5 2 — . MalhiZEWUR 1, i m
FFA S84 4155 75 (1 48 g (Huh- 741 3R . HepG2
21 5 A K B P U 24 o il o R INKGE B, 1A
DR5(death receptor 5)71 5 I TRAIL(tumour necrosis
factor-related apoptosis-inducing ligand)#h J5 14 4 T
Volkmann®5P I, 44 M B 2 22955 N (B 1D
AR ) BT 40 Al IR TRAILAZ 4k % 3k (¥ [Fl B i 7
R T2 (A Bcl-2[¥1 7K F. Ribeiro25 VR I, 15 i i
PRI 28 98 N 40 B 30 INF-xB 3 3 TNF-o(tumor
necrosis factor-o) 5 Fass2 & 1A 38 2, B4R N 14
P8 12842 B PUIE T2 8 A Bel-2 Bt Ft i, (A2
FAMEYE IR T S2 AR R R TAE L, SRR AR i
2 E P TR REAE I R i FEEAEH . Farrell 250
NN, TEEZE IR S IHH 5 = (methionine and choline-
deficien, MCD)INASHAE A /)y f - E o, p53i
ALREAT T T IR 0 e b A O TR AR S AR Y
TRAILZZ PR P8 U238 4. pS3 AT 41l 1 U8 1 & A Bel-
xL, 1& A% Bid(BH3 interacting-domain death agonist)
Z4 % MtBid(truncated Bid), MM 3028 K0 74 12 3%
2 W AT E P21, H P T DA Y A S B
Mg (cyclin D kinase)yd P DL 45 40 g J& 3, 78 m] 3
TRAILZAME I AE T2 AR Rk . DL B =F LA {2
BT, Yan%PUR I, %2 A1 18 1 (punicalagin) n] 18
T Keap 1-Nrf2 15 5 3 6 oK i F2 FFA 3 B0 e
NPT WIRT AT, Nrf2#2 25 HrE N FAE
HAETEH I N 2 Cul3-Keap 172 ZE3EHAFZ 2
1k, PR R AR B A (AR S0 B N K eap TR 15
i, 5 EINeR2F8 e e 56 BT A A R I 2R A,
W T

5 HRZS5ARMMHFFREAT
PRI 2 AT, RT S E A RN
(unfolded protein response, UPR)H R4 24 B FF 4 55
T TAE B, P 5 9 Py 2 S 2 S B A B 20
THARAIEE R D RE S B, W2/ BUHH IR ) 2
J5 T B 5 44 B (protein disulfide isomerase, PDI)All
T BR A HLEE 455 2 F BT (immunoglobulin heavy
chain binding protein, BiP)**1 L J& oAt 45 177 1) FHL 5,
SN BN E A 5 & B AT, BN
JoT I 23 T VA J5 I N O B T TR GUPR: 4 i
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= Eb E A AR BN AEE CUnE &
Bz, Bk 5B rEaSgiaeka
PG WX —HTE A A AR 2 ok g ok, 5T
T 2 3= By 1 5| A 2 0 T keI oo i L ZH 2 1
Wi R EEE I AR, PN Jo I S J S B0 T Y T
ML & L 8§ CHOP(C/EBP homologous protein)#&
1A, WOEpS3FIINKIME B DL A 1 UL 85 22 (sarco/
endoplasmic reticulum Ca**-ATPase, SERCA) 7%V .
RE A% e 1 I T FRICHOPH & I AE % 22 K B JH I
R B R AR, 518 M 5 5 /) BRI B 2 1 e
Enkhbold 5500t 32 22 /)y BRI 7t LA 38 23 I DT B 5,
FHEC AR /N B, 2222 /) B IE 48 Jfl -h CHOP ) ik
W2, 1 H P T8 5= 22 bR g 5 E130(senescence
marker protein 30, SMP30)[#) ik />, CHOP 14
% ESMP30i > — & W A2 it 7 98 2. CHOPi#
i 1 i A T A DR s 0 A T A R ) R A i
ST, W DOCs(down-stream of CHOP). Bcl-2.
TRB3(tribbles-related protein 3)P*, SMP30M)3RIA
B % 22 g /D10 FLR R 3 5E T O 28 i N TNF-0 5
Fas#M 5 P 98 T 1) BURMECY, fEFFAS B N il
WX N 38 5t R, Cazanave 52k I, 7 44K 41 55 77 10
JFF 92 2 Jifd (Huh-748 2 22) 1 CHOP ] DA [ i &
[1-1(activator protein-1, AP-1)¥#i&p53 1E ] & T~ 15
Kl F(PUMA) 1) 34, 3 11 38 i 22 ki A i 42 15 5 R
T-. SERCAMIFRIE H5IEME T AL 5 & #ILZ
SRR 1 R ARkl AR B AR . SERCAE
JEJRE £ BR RSN B e 3 T B, =5 PN 5T R LSO
SERCAIEVE 99 T S5 2K, 5 & Al O 2Rk
NIRRT A, 3 BUH A M e,

6 MRESEFRBRNKAFSFHIAT

B 7% % M (nutrient sensing) 2 i 41 i X AN [7] &
FEW L e 51 R AR B Ak 37 5, FL ORI AE A
WEEE v W SRR T GRS FR IR R TR
I1S(insulin and IGF-1 signaling) f SIRT 1 (sirtuin 1)15
T, FEFEEN I DR IR . IS5 SIRT1#B
A 3 I 5 2 PR G B TR T I AL B, R A 40 P
(R IEH A BT RE, B HIHJE TR, T H S RE R
FR 1] (calorie restriction, CR) A HE R . CREZH
HUME— ) iZ WOV RERE G2 AE W) 38 2 LA, dReiin B8
FetfN 7 HA R KV Z 1A s /ES. 2
WL R, B IR BN K T T LS

JAISTEIR 5 SIRT 1R IR 18 i 1 bR I AR T2

£ K ¥ % (growth hormone, GH)H ## £¢ 1 /K
G, AT A Y A (T A0 ) A3 A i B R
F A4 K A F-1(insulin-like growth factor-1, IGF-1).
IGF- 1A FHZR [R] T~ 5 2R, T 184 5 24 o o 5 26 0 110 S
F1, R 3 3 R 2H RIS i, (HARRE R Z AR A
WIAR & IR T 5P, Tresguerres®5 7k i, 45
T GHRE /D 3 32 K BT 28 it Py 7 S B, ad i
PR ERAR N INOZ: 5 [ AH 2 S AL NI, 8 1 Xt
SRR, A 40 P R R e R, b TR T
1E 3 2 K RUILE FIGF-14 & 1 %, PucheZ5
N} 78 KRR R VESIGF-1 248N IEH IR 5, K
IGF-11 & 1 Ik 4 Mo 1) 2 6 A4 7% %, A bEox B2
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