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1. [FUSIC

t  DOHE DK 50% (A EAFRD &L I E R T
P53 1. LR ELRA P L AL SMIBESY ., W
Bl <l & $* & Cellular gatekeeper & & M-IENL T W 5,
DNA 855 R B nF ol b, BRfEX b L AL 301
e, ST EFELMMEZFIERALS R pb3 i, &
WCHIB R B Re 7 R b — Y A, HINBE LOFHFEZ L
TZOWEE T 5. & HITIETIE. FERCEEL
) Ak, 7y I R A A VRt IR
O TR A, PUBR LIEM. I b > FU 7 WEE
H, A= b7 7 V=L L OMBIREICHEETS 2
ERHL IR TE (1] BKHEWZ L 1T, pb3 A%
MR IR 7 R b= A, MRS boFHEZ§] &k
CERWEAICH, A VF U R PER LI o SR
2 LT, IR RE 2 T 5 2 L A IE S Nz 2],
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-EAMOMESER, BHOREZR XD IR
HEhTws 3.

F 72, Purvis Hi&. y BIREET IV EHWT, pb3IZ
X B HIRIEE A5, po3 DIGFHALD F L F I 7 ADI8 s —
VICEDWREBZEERWE L 4] p53 A58V AR
WAL % 520 2 A SRR s  2siE S h, Z
DIEHEAL D FiRE L 72 IREE Tl Mg b FE s hed
WZkEHELTWS,

DX THTBERER A H = R LHK A LW S M
0. ph3XFDFERNS 0 EL EoR, EH S ki
FTwb, 2O RO T T AR TR ELH]
#IZaEH L. SASP R{LHERE & Db ) 2z, £
DAHZZXLZDOWTHEST 5,

2. fhlEEb&lx
WAL, SRR EZ Y ET &, —Eo
Bt 328 U 72t ST i (M B 0 & 550k 5 %
CHIETEATEMICE > T &R Sh, 58HF R
(replicative senescence) &WFHEIL5 [5]l F 72, HidinE
RRoZIEFMETH . DNA HERHBILA ML A, J#
AR W Ras 12 & 2 @B 2 BRI 2 S8 0, [
BOBREBEL B, ZhixTa X7 omNMEE D
3. RIIMEEIL (premature senescence) & X IXh
%o JBEIAIZ X D stress- or oncogene-induced premature
senescence (SIPS/0IS) & dwbNnzh, ThbidE



PIHIRERE & % 2 5T WD, MESICEEV, MRk BEaRc
BOTHE MO EGSHEMT 5 2 & rmEInTs
0. MRS LR DS L BB R B OFREIC S
555LE26NTWw5,

AL L 7M. WP CIE - 2R R L. SA%M
fabBdHN 5, lH G 1HORETL LT 205, ZOM
JaNACENZIEFETH V. Senescence associated secretory
phenotype (SASP) & IHEN 2 RIEWET A M h A vk
DY VNI HGWIRR DB HLNDL Z & BIFHMNTH L, &
ALHIIE T, MR Y B 0 i s T8 B AR S 28 b g
%o 4% 12 cyclin —dependent kinase inhibitors (CDKIs)
® p21/CDKNIA % pl6 (CDKN2A) OFEBLABT 5
ZEDRETDH B, € DIT D, Senescence associated
heterochromatin foci (SAHF) & XX 2 B EKRO A~
TuruxF M D B E S, E2F %2 LB & e
T 2 BETORHAOWEICHGTLLEZLNTVS
6, 7] o LU, <7 AJaRSHMEFMIE T3 SAHF 132k
U3 [8). FAEMMILTD SAHF 202 WHiE L dH
D, ARELFELEL LT LIBE L2V EV) Hitidd
5o

3. fffE{b& p53

Tk, EDXH L THIBIEEILT L2059 % T
O X7 AR R FERE R RIL A b LA 7 &
DNA #a# )t (DNA-damage response : DDR) % 5] &
L. FEIC pb3 ik & A L7 EILEED X - T
L7 %o ARG DNA 55 (double-strand breaks DSBs)
3 MR 2L SR, TRThNEBEEZHAS
25 BEAREZ: DNA 0% &3, 7R =3 2%
Ml ZALFHEA 4 U %, DDR 213 ataxia telangiectasia
mutated (ATM) & checkpoint-2 (CHK2) 7z & D FF—+,
53BP1 % mediator of DNA damage checkpoint protein-1
(MDCL) %&75 7% —&H, y -H2AX ZED7 0= F
B R A EHBS- L. £ <13, DNA IR RTE
T509 T TETEH OV PSIFHELEEZ bNTW
%o p53 KR & PHE L CRALMNBE oML % A1 T S &
Wi BE, TEXATRIEBA LET S, RB3TTaXT
DNA #5820 LHELR T ) LOAREEWEZFI &SR L,
EPEE LI B ICHS Z EARENT WS
[9, 10]o

Fomal, dEEATFHE ML (01S) &%tk
DOFEOREEARIE SN TV 5 (1] iPS Ml % 75 &
T AHBE < AR 4 K7 (Octd, Sox2,
Kl4, c-Myc) ZHEAT 2L p53 & p2l 258533 5 [12] -
p53-p21 #E R p16™ Y/ ARF »TiPSALd /N 7 — & L
TEE, INoZ2IHT 5 & iPS ML OB Rh 2 A 1A
T5Z N5 [12-17], MBI IS I 1E
H3sZEdbhroTE7 (12

4. fHERE(EICHITD po3 FiE

NS ZALAETIL, p53/p2l ##1%&E pl6™ “retinoblastoma
protein (pRB) D KRB FEE R BEHZ R 2L T
%o po3 #EMKIZ, p53 DR E AT 5 E3 2 FF T

07 A >4 —¥ HDM2, & 512 HDM2 05k % #iii) 5
% alternate-reading-frame protein (ARF) 7% ED#HEE D
XD ST 5,

T 1 X 7 #E 4 HH telomere repeat binding factor 2
(TRF2) &, ATM @) Y itz 2 T, pb3 2 &L T
W 7N OE AL EHH LT b [1820] o 53 8¢F
Tid. TRF2 % &7 0 X 7 &HADAEHEALIZHE W, 7
T X 7ADNA i Rim & LTl s, - RN
%1t T3 DNA #0465 7 £12 X V. ataxia-telangiectasia
mutated (ATM). pb3 #% i 231 M 1L S 1 % [21, 22,
ATM i&. Chk2 @ Thr68 =V v b L CiHMEiLL. &
512 p53 @ Serlb = EH) YL S, pb3 T VD
WAL U 5 (2310 V) Y BRAILDIEZ A p53 DT £ F
L AN ELRAEICHEE L ZEZ 5N TWwah, DDRIZ &K
D, pb3 ® N KD ) Y fbe, 7¥F VTV AT =
7 —+¥ CBP/p300 & D EAEH OMRAESS p53 DT £ F
MLz S € 5 [24]0 pb3 D) ¥ HRALIKIIED <7 2
EFIVTIE MlEL2 I S b [25] 2 &%, pb3 D
S3HHEDOT v F NALERILD Lys # Arg (ZEHR L7z~
A TR, MREAIFEEN RN &R 05 [2]. p53
DY) YBALR T & T VAL B AL A IAER T 5
CEDIRENT VD, pb3 DIEMEALIZ cyclin-dependent
kinase inhibitors (CDKIs) @ p21 4o FitE s 1D
R GG AL & A U OO Z Ml R 450k Ml & At
&y (M1)o
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5. SASP & pb53

AR 2 R 2 12 b 5T, Bk
L7-ffaid. 2 < OEBEEE R o725 ¥ %7 & 50U
L. # v 28 27 853w 7127 5 A senescence-associated
secretory phenotype (SASP) & Xi¥h 5 [26] » SASP
WZiE IR A AL v rEAAL VL ERET. T



OUFr7—EhENEGEENDL, REDOHFE T, SASP X
AR OB, A < — T BALB R E ok
RIS R T, JE B OB K, epithelial-to mesenchymal
transition (EMT) (b5 352 LR E o7z,
ZAL L -8R 2 = 2 e b o LRSS &R
THRIEAE T ATEAT B & JEE ORI A S
. SASP & OPBIHAIRIE Z N7z [27-29], 2D X 91T,
SASPIZZHMEZHTH I &b, —RIHTHILTRIE
PEHNC & 0 BALHMIBE AR R I HEBR S B 05, T
AL EDO KB ZRET 2O TIE VI EEL LN
TWw5 [30]o

SASP 53FD% 1%, DDR 2%fe L 7= &1 2RF R S,
ATM. NBSI (Nigmegen breakage syndrome 1), Chk2
WX D IEICERET XS 51T 31, 32] .« nuclear factor kB
(NF-kB) % C-EBP- Bl k> TH il Eh T2 [32-
35] o F 7o BBREEW T LT, p53 1 SASP K L THp
HIICER 35 2 EHiE S Twb, SASP 258l L
T2 ZALMINE T p53 2 ANEHEAL 3 5 & #iEod SASP
WO WAHEMT 2 (K2). F7z. A Hif
M & R LT, pl6™ ™ 233 L Cwv 2 WL T p53
EANEMALT 5 & B E FB T 505 SASP IZIEMEAL
SNIIREDH X, ST ) LORNEEWRDHT 57

-

O, ZO &) I EE LR R DTE W [30,
31, 361
DNAEFEZE
(ATM, NBS1. CHK2)
/ \ (&
p53 —— SASP
i REHY A D12
p21 rEHMY
l: Jo5F7—t
RS \
i HBnisE
REDER
S RiBRE
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6. {E&E{t& pb3

FRR O & 9 BEEERICBWTOAL ST, ALV
T pb3 DEALRHFMIIN T 2 EPMR LI bhPoTE
T3 (37 pd3 DEIZTFHER T AET VO
I @ p53 SNP OFEZEAFED 5. p53 AHED ) A 7 1B G-
THEFTHL, FaICHBET LI LRI TY
%o AR EAE O —Hi, Hutchinson-Gilford progeria
syndrome (&, lamin A OZERPZDEA & %% 2 LA
5NTW5, lamin A D7ty v 7 IZ#b 5 Zmpste24

BEFE 29 2T N LY RIEGTH D, F7o.
2O AT, pd3 DIULIEIRR N it fnF DAL
RO, pb3 DRKAT & 0 M OB S — I+ ¥
VRNV ENLIZD, pS3 AMEKEALIZL G TH I L8
RIE XT3 [38, 39,

TRARZALIZ S % p53 DF2E, p5b3 DIGTED IR X2 X
WREDEZEZLNT WD, pb3 #RE L2 T AT
F iy OEMEATFRD 5Nz [40] o F /2. pb3 IR T O—H
DRFRAZ &Y FFEnIC ps3 DIETEILAA: U % 28 571 p53
<~ A (p53+/m ¥ A, pMTG <7 A) 13, HARIC
AR TSR ORI GEA S W —T7 BN B L%
ARL72 (41, 42]e SR EIERIRIMIC, BAT o p53 i
BIML7z=7 A%, po3 #in T 1 ¥ —RGICF- 72
A—/8—pb3 ¥ 7 ATIE, HNOEEIHN SN Lo
72 [43]e % 7z pb3 Z MIHIM IR EI5 5 MDM2 DK T L
72 A [44] %, pb3 & pl9tT K1 ¥ —RGICHD
A —7%8— p53/plo* = v 2 [45] T, HEHIHIZEO S
7205, BAENDREBIIA SN R0l A—I3—D53 <
7 AT BALERTO 7 v X TGO BIZEA L
TH D [46]. p53 % ARF Dtfa 53U X 0 i PEATHE
L7z p53 75, PUBALIEHINC & b Bt~ X o tiEl %
WIS L, BLEESEDLEEZ SN AT, LB RH
IbD X HICHEED & X — Y DRRIZIE, p531dZF 0BG %
bETHI LT PBAMEHERT, ZHITK LT p53
DGV % BHEI T & 2T EOBEATREZ G0 DNA
i Tld, pb3 T Xk M D # R 2 Br o R, MO
ERTERL D, R FEINLEEZONT
W5 [37]

T MEC RTINS 5 2 & L B L T,
Feng 513, M#HICEEV p53 OB T 45 2 & & #
HLTWD HIEYT AL B~ REHRG 2 IR
BLC, BIEMRRZ i L7228 2 A, pb3 R T itEfs 1
DIHNLAE ™ AR TEB~Y Y AT, F7-
TRIN=V AL R0l ATM OFH L L~ T A
TIHETLTWAZ Ens, ML) ATM-p53 ¥ 7
FOVOMT AN, M HE D FFEAIBE T 2 D TlE B W
MPEEZLNTWS [48),

—Ji. & roFEGREAREMIH LTS, pb3 2 wE
FTHLIENPREEINT VD, pb3 BIET I, IRV 72D
Bfn %M (single-nucleotide polymorphism :SNP) (2
X, 7A¥=Y (Arg) &7y (Pro) OWFhhy
WA= FENDL, Arg BLIET R b= ZAFHERED TR L\
Pro®id, 7K b — ¥ AFEIHEIZTH VDY GL =1L % 5]
E#Z L. pb3 MAFEM D DNA 51 DR, T K 72
D Arg % Pro \[CBEI T2 L TR — ¥ AFEREIKT
T5IEPMEENTVS [49], van Heemst H1d, =
EIETZRDOE N OFG~DOEEEZRE L. A 7B
DR, Pro/Pro BTl FEHEAY Arg/Pro X Arg/Arg #
WZHARBIML Tz [50] F72. S5l bEaxtge L
HilA) & A28 Cld. Arg/Pro B F 7213 Arg/Arg B2 L~
T+ Pro/Pro BUCIIFNE AT 25 58N L 7225, AfE% b
4% ML TWizo F72, 2005 Bima R L L7z
Copenhagen city heart study Td. 12 fERDEFRIZ,

A
o



Pro/Pro #1%° Arg/Pro #IHY Arg/Arg B LR TE 2 -
72 [51] o IS DFERIE p53 DIEIET-ZHIH p5b3 DIk
ZAHLT B FOFMICHHETHILERRL TV,

7. P53 [CKBHFEACHERETZ T U fcififaE(t

70X 7 DR E T NITHE ) DNAEEA, I ba
YN T OMREEREELFEL, JUBRILEH OB -
ANF—EARSORT 2SRRI T LGS
720 Sahin 51, 70 X 7 X Y pb3 A MEAL X
NbHE, pb3NI ba Yy N TOEEROHMEEHRFT
& % peroxisome proliferator-activated receptor- y co-
activator 1 a (PGCl a). PGCl1 p> 710 & — & — 12456
L TG ZIHE L. ZoOf4, ATP EAMKT. ROS %
ARIMAERED I ba v B 7 ORBEASHFEINDL Z
&M L7z PGC RIRIIRBAL MR 7% S b =
AV F BRSO G- L, Szl giboETn
ELTHRBEINTWAS [52, 53]

PGC % fv L 72 #% B8 D 122212 b, pb3 1d Al AR %

I L CHIRE B L2 FRET 3 4 2 L ARG SN Tw 5,
p53 i3 phosphatase and tensin homologue (PTEN) %
IGF1-binding protein 3 (IGFBP3) o i 5 if 1L % 4
L CTPIBK/AKT ¥ 7+ VE¥Hl$ 5, F72. tuberous
sclerosis protein 2 (TSC2). Sestrin 1/2 7 & D% AL
(12X ) mTOR #E#k 2 #i$ 5 [54l DNA #5E A0 L
p53 VIEHEAL S N72BfL~= 7 A TiEA ¥ 2 ¥ & IGF1
F . mTOR #E s o HH] 2558 0 & 1L 72 [55, 56]. F
72 p53 1% AMPK- g O iftE{L % 4 L T AMP activated
protein kinase (AMPK) o & b & 5] &k & '5‘0
AMPK (&, — HpR Z Ml s 4102 b B 59 % 7%,
O)Yﬁlﬁﬂﬁﬁ i3 AW EI2id, pb3 1&@[3’3&%13?1@%4[3%
FET Do AMLAIZK DMK 7V 3 — AL ERER
MHNRY PR VIBERICEE, SrdErins g
%o ZALMIILTIZ AMP/ATP AL TEBY, 20

AMP O¥INZ X ) AMPK % 4 L 7z p53 @it L A35]
EERIEND 57, 72, b MEMEFEHIEZ H V72 Ras
I2& % 0ISDHRT, pb3 R Rb AT TROS A & &
BIZI PV R THRERESAEL, C0LE ATPO
I & 5 AMPK O bR U C pb3 #EEEDTE 51
W EEIN D 2 I MEIN TS [58] ZDIFH H—
Fa b, TUXTEMRLTEIICHDLLEEZS
NTwv %, Sirtuinl (SIRT1) & p53 27 & F W{bd
% 2 & CTHRGHVEL 2 M L. MR B H B e
M$ %, SIRT1 OIFHEALTIZ X 0 p53 Dttt & PGC1
a O ZEE) I bay FY 7TRERESTI&ERZ &
. SIRT1 O IEZLHAE TR WAL Tns
LI Tws (K3),

VLY Vg, R, TCA MK IRIiM G
W BBA#H LS TS ELRKICHES TS (M4),
Kaplon 513, OIS # 4 L7-MilgCix, ¥V E VT e
Fa # 4 —<¥ (pyruvate dehydrogenase : PDH) # 4
LT TCA HENOE VY VEEOTAIMNT 52 & %
it L7z, PDH #lEEs% <& % PDH ¥ F—+ 1(PDK1)
DOILT & PDH iEMALBEEDOPDH 7+ A7 7 7 — ¥ 2
(PDK2) ®#F#E(Z X ) PDH EMELSEALL 72 59, F 7=,
Aird SIS B 2 BBIRHICO VW THEL T
W2, OIS ORI, ANTP AR OFEFERTH S Y
RXZVLFAFFLE 2 ¥ —EF 722y F M2 (RRM2)
OWHE AL TANTP WA T2 2L HLN L o
72 [60]o Jiang 51, p53 A% TCA M DOMETH LY ~
IHEF e Fard—+ o MEL, ME2 D38l % ] L.
NADPH DR REAH,. 7 vy 3 YA E T %
ZEEmE L7 MEL & ME2 OB EZKT S5 &,
%h%fa MDM2. AMPK % 4 L 7:#%% C p53 % k1t

L. ML DSFEEINL RSN E o7 [61]
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8. p53 [CkBHiaE b &ifiaEELE
CZFTHBRTELHIT, pb3 ITMIfaE AL % i
H#FTDEZEZLNTVWS, LAL. p2l 24 L7-HMeE

bz p53 AT 5 & v ) WFLN e WF7EHE A b it 8

L TWw5%, Demidenko 513.p21 ZWFIFH L7256 L.

nutlin-3a % &I L T pb3 &G AL L 72356 oMl it 25

B L72o 2O, p21 OBFIFEH CTIIBLDOK Y

DR BN 7zDIZxt Ly nutlin-3a THLEE L 72Hlill Tl

Mifa g bidA U7, MifaLs# IR (quiescence) (2

H5ZrERMULZ ph3 LD X 5 IHlleB bz 12 L

CDWHIL7ZDT20H0? ZOAHN=ALD—DL L

T. mTOR #EFE OG- 253 W E 7ze mTOR DAL

& Ml AL LETH B A5, — 75T pb31d mTOR #

BEIHT 2L MESINTVDE, 2D, pd3 &

mTOR DIEHED NG ¥ 212X ), MEEAL & #ak kg

DFERPITONBEDTIE LW EEZ LN T WA [62],
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MR EALIC BT 5 p53 DOFEIFEME 1. 15 4 [fRIF &
hf%fw%ﬁ\%ﬁﬁ@%f%%omS#ﬂ%%W®
fE5tE, Pl %2> 2 21, ph3 LR A
ThHMELZEND, pb3 1L /) L DM E L CHINE
FMELRERL TR N = 2% 0BG ICE Il b 513
A AP D IS L. mTOR R LA b L 2%
EpS3 L CHEMT AR TICE D, IRPISIR LT
MlSE 2 B S5, 5%, 10T —27 T v AFHN
%> single cell analyze 7 & DN HATOMERE L, RN T
BIET-OFRBBEE N T HL A—I v 7R X5 Ra—
DIFNTHAM O 7 2580 - BIREEARICHE . AR RNICB
AL O TR SR S B 2 E IS
5o

SEHR

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Maddocks, O.D. and K.H. Vousden, Metabolic
regulation by p53. ] Mol Med (Berl), 2011. 89:
237-45.

Li, T, et al,
of p53-mediated cell-cycle arrest, apoptosis, and
senescence. Cell, 2012. 149: 1269-83.

Kruse, J.P. and W. Gu, Modes of p53 regulation.
Cell, 2009. 137: 609-22.

Purvis, J.E., et al., p53 dynamics control cell fate.
Science, 2012. 336: 1440-4.

Hayflick, L., The Limited in Vitro Lifetime of
Human Diploid Cell Strains. Exp Cell Res, 1965. 37:
614-36.

Narita, M., et al., Rb-mediated heterochromatin

Tumor suppression in the absence

formation and silencing of EZF target genes during
cellular senescence. Cell, 2003. 113: 703-16.
Funayama, R. and F. Ishikawa, Cellular senescence
and chromatin structure. Chromosoma, 2007. 116:
431-40.

Kennedy, A.L., et al., Senescent mouse cells fail
to overtly regulate the HIRA histone chaperone
and do not form robust Senescence Associated
Heterochromatin Foci. Cell Div, 2010. 5: 16.
Campisi, J. and F. d'Adda di Fagagna, Cellular
senescence: when bad things happen to good cells.
Nat Rev Mol Cell Biol, 2007. 8: 729-40.

Kaul, Z., et al., Five dysfunctional telomeres predict
onset of senescence in human cells. EMBO Rep,
2012. 13: 52-9.

Kuilman, T., et al., The essence of senescence.
Genes Dev, 2010. 24: 2463-79.

Hong, H., et al., Suppression of induced pluripotent
stem cell generation by the p53-p21 pathway.
Nature, 2009. 460: 1132-5.

Banito, A., et al., Senescence impairs successful
reprogramming to pluripotent stem cells. Genes
Dev, 2009. 23: 2134-9.
Kawamura, T., et al., Linking the p53 tumour
suppressor pathway to somatic cell reprogramming.
Nature, 2009. 460: 1140-4.

Li, H., et al.,, The Ink4/Arf locus is a barrier for
IPS cell reprogramming. Nature, 2009. 460: 1136-9.
Marion, R.M., et al., A p53-mediated DNA damage
response limits reprogramming to ensure IPS cell
genomic integrity. Nature, 2009. 460: 1149-53.
Utikal, J., et al.,,
roadblock during cellular reprogramming into iPS
cells. Nature, 2009. 460: 1145-8.

Karlseder, ]., et al., The telomeric protein TRFZ2
binds the ATM kinase and can inhibit the ATM-
dependent DNA damage response. PLoS Biol, 2004.
2: E240.

Immortalization eliminates a



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

Denchi, E.L. and T. de Lange, Protection of
telomeres through independent control of ATM
and ATR by TRFZ2 and POTI. Nature, 2007. 448:
1068-71.

Fujita, K., et al., Positive feedback between p53
and TRFZ during telomere-damage signalling and
cellular senescence. Nat Cell Biol, 2010. 12: 1205-
12.

Karlseder, J., et al., p53- and ATM-dependent
apoptosis induced by telomeres lacking TRF?Z2.
Science, 1999. 283: 1321-5.

Verdun, R.E,, et al., Functional human telomeres
are recognized as DNA damage in G2 of the cell
cycle. Mol Cell, 2005. 20: 551-61.

Calabrese, V., et al., SOCSI links cytokine signaling
to p53 and senescence. Mol Cell, 2009. 36: 754-67.
Vigneron, A. and K.H. Vousden, p53, ROS and
senescence in the control of aging. Aging (Albany
NY), 2010. 2: 471-4.

Armata, H.L., D.S. Garlick, and H.K. Sluss, The
ataxia telangiectasia-mutated target site Serl8
Is required for pb3-mediated tumor suppression.
Cancer Res, 2007. 67: 11696-703.

Coppe, J.P., et al., A human-like senescence-
associated secretory phenotype is conserved in
mouse cells dependent on physiological oxygen.
PLoS One, 2010. 5: €9188.

Krtolica, A., et al., Senescent fibroblasts promote
epithelial cell growth and tumorigenesis: a link
between cancer and aging. Proc Natl Acad Sci U S
A, 2001. 98: 12072-7.

Liu, D. and P.J. Hornsby, Senescent human
fibroblasts increase the early growth of xenograft
tumors via matrix metalloproteinase secretion.
Cancer Res, 2007. 67: 3117-26.

Coppe, J.P, et al.,, Secretion of vascular endothelial
growth factor by primary human fibroblasts at
senescence. ] Biol Chem, 2006. 281: 29568-74.
Campisi, J., Aging, Cellular Senescence, and
Cancer. Annu Rev Physiol, 2012.

Rodier, F., et al., Persistent DNA damage signalling
triggers senescence-associated inflammatory
cytokine secretion. Nat Cell Biol, 2009. 11: 973-9.
Pazolli, E., et al., Chromatin remodeling underlies
the senescence-associated secretory phenotype
of tumor stromal fibroblasts that supports cancer
progression. Cancer Res, 2012. 72: 2251-61.

Freund, A., C.K. Patil, and J. Campisi, p38SMAPK
is a novel DNA damage response-independent
regulator of the senescence-associated secretory
phenotype. EMBO ], 2011. 30: 1536-48.

Acosta, J.C., et al.,, Chemokine signaling via the
CXCR?2 receptor reinforces senescence. Cell, 2008.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

133: 1006-18.

Kuilman, T., et al., Oncogene-induced senescence
relayed by an interleukin-dependent inflammatory
network. Cell, 2008. 133: 1019-31.

Coppe, J.P, et al., Senescence-associated secretory
phenotypes reveal cell-nonautonomous functions
of oncogenic RAS and the pb53 tumor suppressor.
PLoS Biol, 2008. 6: 2853-68.

Collado, M., M.A. Blasco, and M. Serrano, Cellular
senescence in cancer and aging. Cell, 2007. 130:
223-33.

Donehower, L.A., Using mice to examine p53
functions in cancer, aging, and longevity. Cold
Spring Harb Perspect Biol, 2009. 1: a001081.
Varela, 1., et al., Accelerated ageing in mice
deficient in Zmpste24 protease is linked to p53
signalling activation. Nature, 2005. 437: 564-8.
Venkatachalam, S., et al., Is p53 haploinsufficient
for tumor suppression? Implications for the p53+/-
mouse model in carcinogenicity testing. Toxicol
Pathol, 2001. 29 Suppl: 147-54.

Maier, B, et al., Modulation of mammalian life span
by the short isoform of p53. Genes Dev, 2004. 18:
306-19.

Tyner, S.D., et al., p53 mutant mice that display
early ageing-associated phenotypes. Nature, 2002.
415: 45-53.

Garcia-Cao, L., et al., "Super p53" mice exhibit
enhanced DNA damage response, are tumor
resistant and age normally. EMBO ], 2002. 21:
6225-35.

Mendrysa, S.M., et al.,, Tumor suppression and
normal aging in mice with constitutively high p53
activity. Genes Dev, 2006. 20: 16-21.

Matheu, A., et al., Increased gene dosage of Ink4a/
Arf results in cancer resistance and normal aging.
Genes Dev, 2004. 18: 2736-46.

Garcia-Cao, 1., et al., Increased p53 activity does
not accelerate telomere-driven ageing. EMBO Rep,
2006. 7: 546-52.

Matheu, A., et al., Delayed ageing through damage
protection by the Arf/pb53 pathway. Nature, 2007.
448: 375-9.

Feng, Z., et al., Declining p53 function in the aging
process: a possible mechanism for the increased
tumor incidence in older populations. Proc Natl
Acad Sci U S A, 2007. 104: 16633-8.

Dumont, P, et al., The codon 72 polymorphic
variants of pb53 have markedly different apoptotic
potential. Nat Genet, 2003. 33: 357-65.

van Heemst, D., et al., Variation in the human
TP53 gene affects old age survival and cancer
mortality. Exp Gerontol, 2005. 40: 11-5.



51

52.

53.

54.

55.

56.

Orsted, D.D., et al., Tumor suppressor p53 57. Jones, R.G., et al., AMP-activated protein kinase
Arg72Pro polymorphism and longevity, cancer induces a pb3-dependent metabolic checkpoint. Mol
survival, and risk of cancer in the general Cell, 2005. 18: 283-93.

population. ] Exp Med, 2007. 204: 1295-301. 58. Moiseeva, O., et al., Mitochondrial dysfunction
Sahin, E., et al., Telomere dysfunction induces contributes to oncogene-induced senescence. Mol
metabolic and mitochondrial compromise. Nature, Cell Biol, 2009. 29: 4495-507.

2011. 470: 359-65. 59. Kaplon, J., et al., A key role for mitochondrial
Sahin, E. and R.A. DePinho, Axis of ageing: gatekeeper pyruvate dehydrogenase in oncogene-
telomeres, p53 and mitochondria. Nat Rev Mol Cell induced senescence. Nature, 2013. 498: 109-12.

Biol, 2012. 13: 397-404. 60. Aird, K.M., et al., Suppression of nucleotide
Feng, Z. and A.]. Levine, The regulation of energy metabolism underlies the establishment and
metabolism and the IGF-1/mTOR pathways by the maintenance of oncogene-induced senescence. Cell
p53 protein. Trends Cell Biol, 2010. 20: 427-34. Rep, 2013. 3: 1252-65.

Hinkal, G. and L.A. Donehower, How does 61. Jiang, P., et al., Reciprocal regulation of p53
suppression of IGF-1 signaling by DNA damage and malic enzymes modulates metabolism and
affect aging and longevity? Mech Ageing Dev, senescence. Nature, 2013. 493: 689-93.

2008. 129: 243-53. 62. Demidenko, Z.N., et al., Paradoxical suppression of

Niedernhofer, L.]., et al., A new progeroid
syndrome reveals that genotoxic stress suppresses
the somatotroph axis. Nature, 2006. 444: 1038-43.

cellular senescence by p53. Proc Natl Acad Sci U S
A, 2010. 107: 9660-4.

Mechanism of pb3-mediated aging and metabolism
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The tumor suppressor pb3 is activated in response to various forms of cellular stresses,
which in turn, eventually leads to multiple cellular outcomes such as cell cycle arrest,
apoptosis, metabolic regulation and/or cellular senescence. Functioning as a transcription
factor, pb3 transactivates a wide variety of target genes differentially via its posttranslational
modification including phosphorylation and acetylation. Cellular senescence is defined
as the physiological program of irreversible cell cycle arrest, which can be triggered by
DNA damage signals such as telomere shortening, oxidative stress and oncogenic stimuli.
Therefore, the senescent arrest is considered contributing to part of tumor suppressor
mechanism. In addition to growth arrest, senescent cells show widespread changes in
cell morphology and chromatin organization as well as gene expression profile. These
phenomena include the secretion of numerous proinflammatory cytokines, chemokines,
growth factors, and proteases, a feature termed the senescence-associated secretory
phenotype (SASP) . Intriguingly senescent cells are thought to remain metabolically active.
In this context, pb3 metabolic functions have been suggested to preserve homeostatic
processes, tightly concerning in cellular senescence and aging. Moreover, genetically
engineered mouse models demonstrate that pb3 potentially regulates longevity and aging.
Here, we review current topics; key mechanistic insights into the regulation of cellular
senescence and aging by p53 - focusing on signal transduction and metabolic regulation.



