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Cellular Senescence and Senescence-associated Secretory Phenotype (SASP):
The Induction Mechanism and Its Role In Vivo

Naoko Ohtani

(Department of Pathophysiology, Osaka City University Graduate School of Medicine)

=

et & 1358 DNA 1685 % #% - 7 {la CARPAEEERE & U CIES) 4 2 Rl lassmi e (bIRETh 5. L L,
MlgeftaZ LCd, MOHBEERIERETHD, RSAEGFLHITI5E610H 5. TO LS L&{tiilars <o
R VST BREASNLBEE BRI, Ml LhEtE 7 WELS (senescence-associated secretory phenotype;
SASP) LI T 5. ARSIV T, SASP K123 MlfkfsHE 24 & OEPERICBIR§ 2 —75 T, MfEHINBESR T,
WADHENE EORRAL ARG AIREL G E LI T L ebroTEL. 72, BHRREDY T Y —% 71T % SASP
DOFERM S IETFHO 22k D DDH 5. 5%, SASP DG FHMOFHIZHL2IZL, KT 252 LT, HAREL
B R D P FI, OWTIMERRGOEBIZ DA 5 W2 & 5.

Key Word: fliffa&{t, Mila&bblttnmiis, HRRE

1. (FUBIC

ML L IZED KD BBRLEDTH A 5 ». [Hifas
kT3] LRl EhE 2, HEE LTUE AR
BEstfE ] IRRETH B, Lo LABOREEKRIZIERTH
D, MifafEIC K- Tid, BT 2 A 2 2 SRR T R <
FHELFT 280055, MillsEftlniBiREFe L L
60 FEIE EATIZT 2 ) A ANfFZEH, ~A TV v 72K DiR
BXhsz" b b O &SIl B R A A
DO, THRREL T &, ZLHDH BIR < BEd
550, &5 EORBREEEARED B L 720513, g
AR, ZhDIRRIEE O XS ARl A 5 2 <
b, LT L 2L &5, ZOREEMIEEN &S,
WA ZOMlEIcE 5T, REWYA b UR
BBEIA -7 &, kA moyma oS B s h S [Hill
EALBE P 7 W Bl 5 (senescence-associated secretory
phenotype; SASP) | EIFFIZh 28R NI 52 &0 b
o T &R ML EAEILICBIR L, SASP i3kk%
BIRREIC S BART B Z &, AR, MilaE b v BiR

PEH SN TS,

2. HRZB{EDFEERE

t t OFRMITEAE O TR ABED B L 72055 S 5
AR R IEIRE A e e b LR, Zh Bl kLT
Wl TEx NI en» s, ZOLIIZLTHEEI N
NaELIZ D EEMmEIEND 2L H D, TDHHEFFmIC
X OMBEAE T Z 2 =X 40, ¢t OEMTCE T
557025 —VEMEORIICERTEEEZELZS5N TS,
t b OMfEDHE, Tax 7 —EEENMEW DI, Mg
T LI EIRRIICATAET B 7 u A TR EME L
T, TuX TS 50 $& 5L, DNA Y
FFUREEL, MleiEEiE»sEELI 5N T3
—J, BWAMIIZZ DK AfilseltE R &k, Kk
AN BRI RE T d % 2 6, M E AR 12 i
bolNAMGIBREEZ 22N TE S, BIRENZ L
12, 7uX 7 —¥EEREL, TuXTORIEe D4
HFEETH 5~ ZDONRTFUAHEF M (mouse embryonic

Z F 2949 A 11 H, 28 Pk 29411 H 28 H



2 A B

fibroblast; MEF) 2B\ T &, #ERIZ KD HIITELHEE
WMxh5, MEF Z#ED20% 0, FTHC$T 2L, v
DFEMEFAINE % MR U 2235 S ARk, 2RIk L 22 #4102
m%®%%ﬁ#¢b,M@%m#£§éhé.:@ﬁ%u
Wit 2 20% O, DM THET 5 LE U B0, AR
DBBHZE3%~5% O, DR T THET 2 LI1EEA
ERGEILIZA T & a0 FThab by 2 ORMEEI
DY, AL A b L 21 ih,xﬂﬁmmﬁﬁﬁﬁt,
MlaEbsiFE I -2 i n b, FiZe FOfigz i
Ty, MianghckFax 7E a5 Ty, Bk
2 b L 2R B ABET- OIS & 2 MFER A L, )
W DNA BI5 44 C 2R F T, Mg Sk 2 24885
Zibw, filnEltrdEchs, 2%, SRz 3L
M A2 A A DIERIMED & % 50y DNA /{52 011H -
WA, Ml v 2 R4 v R AR < WL X
N, FBEINDZREBPAVHBEEELL LN TES.
FH 5 DN — T3 EALDFEEK T pl6 X p21 O
RBEAE Y ADLER T TE S LY T 27— X%
LER—Z—Hl\ETELEAVER - A A =DV T 2%
%%Ltw.i%WTéDNA%@'&%&DpM@%ﬁ
IS L, pl6 OFEBUIMENZ & & R WPHFIZ LA T4 2
aﬁb#ot.:@:&#6M%ﬂ%fiﬁ%%m&k,
L7zl 2 Tl 0, plé ORBLEADHETH > 72l
T, DNAHG~Y— 7 =2 EML, R0 le
b2 DNABIHIC L $ 55 BIRTH 5 Z L AR T X 727,
M2 P pl6 A E B 2 M, FVEMIRE, bR

el IO LN, SHRTNSE DO KIT§TBIZOWTHAM
M7= %, A, ple X pl6 LE(E T & LA

3% ARF #{Z 1 O &R B 2 fEE e b iflila & B 2
% B TWRE~ Y ZANERESG X", B %
ElZzvwy 2idndhd, BERBEMPER S T\,
WETE, BLAEk: 2 (senolysis) (ZBE9 2 Mf%EHs &
NAIZITbh T3, 72 SASP #8ik$ 2 {LAMD O
Lo Eh, Fhiivu~vFro) ®FY) Y AICET
% BRD4 OFHEAITH 5 Z LR s,
HEEALOFED 7y 7L LT, EEABXE2T50
B, A2 ) VIRENEFRF—EA e 2 —, pl6 & p2l
TH%. WODNAHGY 7 FAeEd ks sE, £
BRGIR F pb3 N REN L, T DOENE{ZTTd 5 p2l A8
FEFEX NS, DNAHEGY 7 F L & 51258 < HFifi§
% &, ph3 LIFFEL BZRRPET Ets 7 7 3 ) —#RE R 1512
kD ple NREBFEX NS, ZDXIIZLT, RBGHE
N7z ple & p2l idHAE L ¢, MigHd 2 b v 8—=T
b5 RB # VS BEMSIEHELL, ZORR, A
Mg fE EIRRE T b B Mile B b 23 f i S 5. pb3 %
pl6 L3 FODBADEHY ETHIRIEL TH D, MlaE
LA BT 2D,  FOPAMBNCEETH B Z &p

H T

bhrb.

3. HfaZ{LhEtE2MIRE (SASP) &ii

O K S ITHEHE LN AR S UCERT 5 Mifaet
ThsH, 7K=L ALEST, DNAEEE - -2
Wl sMIEsE L, PR habircida<, WL
KNG DOELHINII RS EZHT ST L2Dbhr > T 5.
FIEGE, MllEeb L Mlanr s, e smpmwsa o308
NELEXND ZENHLPIZRD, ZOHRRPIIHIEELE
PEST IR (senescence-associated secretory phenotypes;
SASP) &IFizhz (B1). ZOspws v 37 Hix, IL6
(Interleukin 6) & EDEIEMEH A4 b7 14 Y, GROw
(growth-regulated alpha protein) ZEDrEH 4 v, M
flast~ bV 2 253K (matrix metalloproteinases;
MMPs) L5248 —¥HxEDTusr 7 —tYHH VEGF
(vascular endothelial growth factor) X PDGF (platelet-
derived growth factor), HGF (hepatocyte growth factor)
KEDOHHERAN L ERMoNTED, BUHTHiz> T
2" SASP N Ti3/85 7 7 4 v IIZAC S oMl
fEH LT, FEHOMilaoMaE b ZiE L2, A — 2
T4 viIcix, BCoOMlEEtE Kb+ 5Z & eR
ThTns?.

4. SASP OFFEHIE

TiE, EfileEltziZ 3L, ZOKIIZEL DI
BUISTENFELEENBEESIZEDZDTH A5 » 1 5K
T NF«B'" % C/EBP”, GATA4'" % 0 #ii 5 [K 1 »* SASP
DFEBIZE D> TWB I EARENEA, T4 iE SASP
R7ORBGFEE, TV 2374 v ZIZHllEh T3
ZEeERML fifaeftEEZTE, X H3OY
X FNALEEETH %, G9a, GLP »° APC/edhl &5 E3
DA—=VIZED &S0 3R EZTBH, ZhickD,
Z MY HIDY AFUALLRAREFELLIESL, va~vF
VAL 2Lk 5T, £< O SASP KT ORBIAS
A EXNDE Z AW 2IE 5727,

F72, SASPHIRIZHWT, —FIZL < DIRAEMEWE N
PEAE SN BHMEE LT, ABRRIEL T 4 — DGR &
T3, HifaEiZ% < 084y, DNA HBEICfE i
XN328, DNAXYH —DUEDELTRHEX R
cGAS-STING %45, Mifae tiztEs o4 74 vk
ERT EEARIETH 5 Z &0, wlE, HEBOFHRL TR
n7="". gL g & cGAS (cyclic GMP-AMP synthase) i3,
AL Z 5 ERIFENIZIRA L 7= DNA % 8§ 2 A%
EL T a4 - UTRA I BIEFE N Z LI cGAS
1%, GMP & AMP % 7213 [6— DB THYK X B EIK Y
RIVLAF EOEREMBEL, ZOBRIKCXZLAF
STING (stimulator of interferon genes) & i 5 4



MillgEAt & MEELhitE iR SASP — % DB & Rk

HRREZLREES DERR
SASP (senescence-associated
secretory phenotype)

WRABREFDFEHELE
BEFIRNL R 1RE
(RMNARRLR)
(DNA #15)

HRaE1t
p16, p211

ZEHREEMIZETFTS

K1 fifaE tpirt: 5 inBi5 SASP (senescence-associated secretory phenotype).
DMEIZE S 5T % 2, ML 23 FAE & AU el Ry Al A s B ASEE Z 5.
5, SIEVESA NI A Yk ERA AR AR E S T E A IREI S Ik

DOERPRMCH 5. UL, B AER-S il

EMAFIKE

o) B Rl — 3

SASPEF
s RAEEY AR hAL2 (IL-6, IL-1BARE)
rEHAY (IL-875E) A .
RS T R H R R DB EEE®
-igy‘lg@; ey H RELGHEBOVITIVA
/u IR (— B IS S)
FAHEIBTERLE [0 o o

AAERICE<NAM/NRE
ERRY DAREGER
(REAICHEY 5155)

-
Cancer

IEF Ml 50 DNA 522058, 7HRF—-V 212K
Zh 6% DNA {815 % 8 - 7= e n il 2 £k 5124572

VJ , 2O LhErE 7 iBl5, SASP (Senescence-Associated Secretory Phenotype) &IHEH T35, SASP KGO EHE

12 < —75T, SASP »#RIIZH < Hd, 1A

VOSBRI X, STING 2 ustEfb L, 184 v & —
7 YOEAEY STV EEELT S (K2). fMifeElt
NHET S &, Millgefbic & g g % DNA Wiz &
D cGAS BEMEAL T % 2, Wik % O WG S e,
MBI, BIROESTH & oS7 BV LD, T3
VBl DRENWPTEZENHMOENT NS, ZTDd

B2 6 7 a3 ol Eicmti L, %o DNA Bif 2
cGAS IZRlikxh, T4 v a—TruypplahsZ
EWRENEY. 72, DNABEEES pEMIZ4AE T 5
5B EN7 XS % micro nuclei & cGAS 12 & - Tl
ik XN, cGAS-STING BREE1IEMHEIL I B Z LIRS Hh
7= ZHLT, BWERB YA N HA VIZINT T T4
VHNCAER L, REREARRE 2 L A Z e RE Eh
7200 F 2, EH S BRI R Y SR AT B
NAMUNEREE T, IS & D 884 % 275 L B REA
W OMBaEER 5y, VAR 24 T A, FFiECE T, FEM
o BB 2 HRMGEL ¥ 7 % —, TLR2 (toll-like
receptor 2) %47 L C SASP A7 DFEE# e T2 Z & %
R LY. ZOXIZEL DY A A4 VEEEGD
SASP B3, HARIEL 74— 45N T5/EHTH 0]

AT B S B o d 5 2 e RFo TS (RIFESTER) .

REMERRIE I N TS, L2rL, 314 b AL UvRrEHhA
YOS OBGER R T T 7 — X ED, ED KD iR
THREEEINZONZOVTE, +HICbr->THES
T, SHROMBERREN N2 A THS.

5. SASP OEFICH T3 RED -FREER-

T3, SASPBZED &S KfEHEEKIZKIETDTH 5
5. SASPHBIZIZEARTRECZZENAIONTED
HIKIZE S THSBIER S 2006 22405 E 160
5.%@0&91 DNA 8652 & 0 Ml b L 2=l %

brEd 2572012, RPN & e S &, A2 4 0
A3 2 Dl -ﬁxﬂf%%r‘:%ﬂ%??.%m). Z 7z, Campisi
5D — T IIRG R EHRROBEIE IS, —RIZE TS

FAET B EHET ML TSASP AE L 5 Z & &L 722,
SASP [N FIZIZRIEMEY 4 b A4 VR EHA VNG EN
3. R0 RERG I EMEsE LD, HEA
2 -MEOMBAD 2 ) 7 5 v 2 E4TS . KR, BLL
T RRHESF I S R TR 1 2 P2 U, R iR e % B oy
fbxd, HrLORE MEE NS, MkBE T TT5Z5
ZiE, SASP #EZ L TuwW= g tiilaizr v 77 v 2 &Hh



R EAE DRI
4 UT-DNABF &

) P

D 'mmuuﬁmmu»<11m» 04

I 8A(53—2xAY

DEMIE = SASPEIFHFHIR

INERIR

M2 SASP (senescence-associated secretory phenotype) OfiSifiihs. Mifa& LD & % 5 DNA #H5OBEIZA U % DNA Wi 25 ¢GAS

(cyclic GMP-AMP synthase) 127k &1, c-GAMP %#JEK ¥ 5. c-GAMP i3 STING (Zagik &, IRF3 fEs & mMELL,

Oy DFEEES LT, SASP KT 4#ET 5.

AT S, ZOXHIZLT, KEOHRIGGIEFC SASP
NEHETHDZ LRI Nz £72, i, Serrano 5D
7 — T3 AL Bk O SASP [K 143, JE B O g o
Vs I v rEL, Mgt X 5 et &
L7,

6. SASP DEKICH T ZRENQ - F&E & /ER-

—J5, HRIZHT 5 SASP DEWMEHIZOWTIZE S
THA 95?7 SASP »HFHLIEHEZRZ 754, SASP IE
—IREISHE Z 2 DT A < Rty T b B b 5. JRHE
A UM A D2 ABUNEREIZ 3503 % 2 A0
BIKZET 21/EH» & % i MiE, Wwhow 5 CAF
(cancer-associated fibroblast) T, A IZ{ERERIIZIE7-
L SASP AL TWB LW HIMENRH D, FEHLIEH
HERG BN O U 2 N BT 28 A D 2 A By INBRIR 1 Z
B BHFEMIBIZ 0T, SASP AELTW5 Z & & R
L2 X pICFE s filaE b % 24 U 2 5K & # 7=
L2 A, BRERNZ &I, ®IEEIC K 0 BIS 5 5P
WK 2EPEM T H 2 KB O—fE7r A+ a—n
W, o 6N S U T, 2O DNA
HEAFHRE LR ERI T I b7, —F, &
7 LBGTER & B & 3 A PRl Ny a4 Y YR THEN
IZH 5L THL L, IRADRIEN TV TE S, W, i

184 Y 2—-7x

EREERS L, BRAORBEAMHITE 254 TFT, 74
FLa-LEEROKE 2L, FLIHBRANRETS
ZEAbAID, FEAEFY T ILBHBNERIED ) 2 U KT
DUEDTH BT NS NI -7, HEE S IR
HF 2 A OHERIZB D 2 M2 5 /3w X b SASP
KT LT, ILIB 2RELZY. 7=, BidlLzk> i
HHOIXSASP I FORBFAE A Hh =L LT, IR
Ml CIE SR B EREUC X D BEIN5 % 7 5 A B ER oM
Bek sy, VKX 4 IATLR2 %47 L CSASP A1 & L
TORIEY VPV EFERT S AR LY. VEg4a
f-TLR2 O#EM %/ LT, SASPR 773 Th<L, v ¥
T4 F 7 ) —+¥ 2 (cyclooxygenase-2; COX-2) & # L
SRBFEINTHD, MW 2 A BN TIX
COXRIKIck 27 7% F VBONKHY, Tuzxas 5y
YV E, (PGE, 2BFFEEXN TR Z ENHLMTE 5
2. Taz2a75 vV VEIE, EPALETEZ—% LT
RPFMINI A U CHIES B2 2 PRI L, £ OFSE, I
ADPHERL T ZEARE NIz BIRENT &0,
COX-2 & PGE, DM FFEA 1T v b DIET7 L 3 — LR
PERFRIZPES gD —Hce B b h . 2ok,
SASPIH & LT, REXT 4+ -4 =2 Sh, A
N OIEEICERE A HE 2> T 5 Z &5 2
Ko7,



MilgEAt & MEELhErE R SASP — Z O aFE s & L IRIC I 1) 5 &l — 5

7. BhYIC

INFETBRNTE LSS, MBI H A MR &
LCTHETHZDIIMENENVEETHEH, THEF—
2 e & - THIREZ L U 2=/l <l idstide 4, K
REZERDZEDON DD, 2V T 53V AIhTEERS &
{LAEIX, SASP BIZ A4 U, ki e 5 TARIRE Akk%
GEWEM A& 72569, SASPIRIT-& LT, £ Dpws Yy
ISTBNEEIND D, GHEES ZRE A T4 *— 4 —
O—FfE M ELIZ & &, SASPIRIT-& LT, pEAEX
NBZEaERBLEY. BEOWE TR, MlEtiztEn,
TV =24 (fiigsb ) AL < i hs 2 & s
EhTwa. ZO/MaNIZIZ~ A 2 g RNA X DNA, #
VRO R ENPIFEL, ThIVS5 2 54 VINZHstC
SEENDG. L DOHIETI VY — AR5 WE 55,
Bz B btk DT 2 ) — 201213 A DNA 7% <
BEND T EARENEY. DNA HBEIMEEZLOFHER
Th 50, ZTOBIEC7ZAELDNABL Y Y —ALIC
P Ehs8DEE L 6N, Th, cGAS-STING
TEBR AL T B TTHEME D b 2. 4 6 13 ABUINREE
1230 B REAHETEMINE & ot & U =Ml L & SASP 12
HLTWaA, SASP K2k, Mk NEETED X
D M A o b =2 OBALBET B DH, Sk, Mk
R A RIEL TR T BERDH 5. SASP O 55 11k
OFEHS ML, ZhEaHIET5 2L T, Bk 1A
RLUACBHER O TR, OV TR EEREOFBIZD A H
DUHEMEN B B

X Bk

1) Hayflick L, Moorhead PS. The serial cultivation of
human diploid cell strains. Exp Cell Res 1961;25:585-
621.

2) Ohtani N, Hara E. Roles and mechanisms of cellular
senescence in regulation of tissue homeostasis. Cancer
Sci 2013;104:525-530.

3) Parrinello S, Samper E, Krtolica A, et al. Oxygen
sensitivity severely limits the replicative lifespan of
murine fibroblasts. Nat Cell Biol 2003;5:741-747.

4) Takeuchi S, Takahashi A, Motoi N, et al. Intrinsic
cooperation between pl6INK4a and p21Wafl/Cipl in the
onset of cellular senescence and tumor suppression in
vivo. Cancer Res 2010;70:9381-9390.

5) Ohtani N, Imamura Y, Yamakoshi K, et al. Visualizing
the dynamics of p21Wafl/Cipl cyclin-dependent kinase
inhibitor expression in living animals. Proc Natl Acad
Sci U S A 2007;104:15034-15039.

6) Yamakoshi K, Takahashi A, Hirota F, et al. Real-time in
vivo imaging of pl6Ink4a reveals cross talk with p53. J
Cell Biol 2009;186:393-407.

7) Baker DJ, Wijshake T, Tchkonia T, et al. Clearance of

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

pl6Ink4a-positive senescent cells delays ageing-
associated disorders. Nature 2011;479:232-236.

Baker DdJ, Childs BG, Durik M, et al. Naturally occurring
pl6™“_positive cells shorten healthy lifespan. Nature
2016;530:184-189.

Hashimoto M, Asai A, Kawagishi H, et al. Elimination of
pl9**-expressing cells enhances pulmonary function in
mice. JCI Insight 2016;1:e87732.

Tasdemir N, Banito A, Roe JS, et al. BRD4 connects
enhancer remodeling to senescence immune surveillance.
Cancer Discov 2016;6:612-629.

Rodier F, Campisi J. Four faces of cellular senescence. J
Cell Biol 2011;192:547-556.

Murtioz-Espin D, Serrano M. Cellular senescence: from
physiology to pathology. Nat Rev Mol Cell Biol 2014;15:
482-496.

Acosta JC, Banito A, Wuestefeld T, et al. A complex
secretory program orchestrated by the inflammasome
controls paracrine senescence. Nat Cell Biol 2013;15:
978-990.

Chien Y, Scuoppo C, Wang X, et al. Control of the
senescence-associated secretory phenotype by NF-xB
promotes senescence and enhances chemosensitivity.
Genes Dev 2011;25:2125-2136.

Kuilman T, Michaloglou C, Vredeveld LC, et al. Oncogene-
induced senescence relayed by an interleukin-dependent
inflammatory network. Cell 2008;133:1019-1031.

Kang C, Xu Q, Martin TD, et al. The DNA damage
response induces inflammation and senescence by
inhibiting autophagy of GATA4. Science 2015;349:aaa
5612.

Takahashi A, Imai Y, Yamakoshi K, et al. DNA
damage signaling triggers degradation of histone
methyltransferases through APC/C*™
Mol Cell 2012;45:123-131.

Harding SM, Benci JL, Irianto J, et al. Mitotic progression

in senescent cells.

following DNA damage enables pattern recognition
within micronuclei. Nature 2017;548:466-470.
Mackenzie KJ, Carroll P, Martin CA, et al. cGAS
surveillance of micronuclei links genome instability to
innate immunity. Nature 2017;548:461-465.

Glick S, Guey B, Gulen MF, et al. Innate immune
sensing of cytosolic chromatin fragments through cGAS
promotes senescence. Nat Cell Biol 2017;19:1061-1070.
Loo TM, Kamachi F, Watanabe Y, et al. Gut microbiota
promotes obesity-associated liver cancer through PGE.-
mediated suppression of antitumor immunity. Cancer
Discov 2017;7:522-538.

Krizhanovsky V, Yon M, Dickins RA, et al. Senescence of
activated stellate cells limits liver fibrosis. Cell 2008;
134:657-667.

Kang TW, Yevsa T, Woller N, et al. Senescence surveillance
of pre-malignant hepatocytes limits liver cancer



24)

25)

26)

development. Nature 2011;479:547-551.

Demaria M, Ohtani N, Youssef SA, et al. An essential
role for senescent cells in optimal wound healing through
secretion of PDGF-AA. Dev Cell 2014;31:722-733.
Mosteiro L, Pantoja C, Alcazar N, et al. Tissue damage
and senescence provide critical signals for cellular
reprogramming in vivo. Science 2016;354:aaf4445.

Yang G, Rosen DG, Zhang Z, et al. The chemokine growth-
regulated oncogene 1 (Gro-1) links RAS signaling to
the senescence of stromal fibroblasts and ovarian
tumorigenesis. Proc Natl Acad Sci U S A 2006;103:

27)

28)

29)

16472-16477.

Laberge RM, Sun Y, Orjalo AV, et al. MTOR regulates
the pro-tumorigenic senescence-associated secretory
phenotype by promoting IL1A translation. Nat Cell Biol
2015;17:1049-1061.

Yoshimoto S, Loo TM, Atarashi K, et al. Obesity-induced
gut microbial metabolite promotes liver cancer through
senescence secretome. Nature 2013;499:97-101.
Takahashi A, Okada R, Nagao K, et al. Exosomes
maintain cellular homeostasis by excreting harmful
DNA from cells. Nat Commun 2017;8:15287.



	1.pdf
	03864103-66-1.pdf



