Ouada Moplaknig KapkiwvoyEveong

Epyaotnplo lotoAoyiag kat EuBpuoloyiag

EOviKO kat Kamodiotplako Maveniotipio ABnvwv
AwevOuvtic: Kad. BaoiAng MopyouAnc

Atrotrtwon - Kuttapiki Mpavon kai Kapkivog

Ki6 (-) | SBB-A-B (+)

3 V‘to:‘;t Ki67 (-)/ SBB-A-B (+)
.
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EvayyéAou Kwv/vog
Oudada Mopiakig Kapkivoyéveong



Eicaywyn

* H opolooctacia Twv opyaviopwyv egaoc@alideTal atrd tn dpdaon
KUTTOPIKWYV HNXAVICHWYV EVOVTI EVOOYEVWYV KOl EEWYEVWYV EPEBICHATWYV

* H TTOopE€ia TOUu KUTTAPOU £SapTATAl ATTO:!

» To €idog, TNV évTaon Kal Tn dIApKEIA TOU epeBioaTog
* Thv KardoTaon / @Acn Tou KUTTAPOU
» To eupUTEPO TTEPIBAAAOV

DNA Damage
Cellular | Telomere Shortening
Mitotic Failure
Immune Response
Metabolic Stress

Cellular
Responses
| [ —r—
Mitotic | .| | Autophagic
X'Catastrophv Elecmsbj ~ Cell Death \

."QF.J,' 'S

(%

Stress

Cell Cycle ( Senescence“
Arrest (irreversible)

N




Katd Tnv d1apKela TNG €EEAIENG TWV TTOAUKUTTAPWYV
OPYOVIONWYV AVATTTUXONKOV MNXOVIOMOI, ME OTOXO:

* PUBuION TOU QPIBOU KAl TOU HEYEBOUG TWV KUTTAPWYV
MoAAaTTAGCI0O OGS

(kuTTapPIKOG KUKAOG)

* 2UVTOVIOHO dnMIOUPYIaG VEWV KUTTAPWYV

* AIQ@QOPETIKOTNTA WG TTPOG TN douN Kal AEITOUpPYid KUTTAPWY [VANT{T e eloh (o1 [3 (1)

. . . . . MNMpoypappaTiopévog
e ECaAcl mTAsovalOvVTWwYV TTEPORBANUATIKWV» KUTTAPWYV
g wn ¢  «mmpoBAnk ” P Kuttapikég 6avarog

Ouoilooracia



Tutrol KutTtapikou @avaTtou

 ATTOTTTWON (TUTrOoC | TpoypauuaTionévou KUTTApIkoU 8avdrou)

* Avoikion (Anoikis) (amrémtwon Adyw atTwAEING TNG KUTTAPIKAG TTPOCPUONG)

 AuToQayia

* MITWTIKA KATOOTPO®N

* [MapdamrTwWon

 KutTapIKi YRpOvon

* NEKpwon (Tuxaia Kai XaoTIK KUTTAPIKA KOTAOOTPO®N)




Atrotrtwon - Kuttapiki MN'pavon

« OJoI100TOCIO TOU OPYAVIOHOU — QUTOVOMOI KUTTAPIKOI HNXOVIOHOi AMUVaG
* [eveTIKA KOOOPIOUEVEG AEITOUPYIEG (OXI TUXQIEC- HOPIAKA JOVOTTATION

* Koivd onuatodoTika povoTraTia (1Tx p53)

* AvatrTuén Tou opyaviopou Kal EVAAIKN {wn

* QUCI0AOYIKEG KOl TTABOAOYIKEG KATAOTACEIG



[CeVIKA TTAPAdEIYMATA ATTOOUPONS KUTTAPIKWY TTANOUC WYV
ME ATTOTITWON KATA TNV OPYOAVOYEVEON

* H eSa@avion pnecodaKTUAIWY TTTUXWV

Katd Tov oXnNUATIONO TwV SAKTUAWYVY, Ta KUTTOPO TWV MECOOAKTUAIWV TTTUXWV TOU
EMBPUOU KATACTPEPOVTAI ME ATTOTITWOTN OTIG TTEPIOXEG:

— TPO600BIa Kal OTTicO1a ATTOTTTWTIKA WV
— EOCWTEPIKN
— MECOBOAKTUAIKEG OTTOTTITWTIKEG (WVEG




* H e§aAg1yn TnG oupdg oTo aAvOpWITIVO EUBPUO YIVETAI ME ATTOTTTWOT)




KuTttapikn ynpavon

EvAAIKN wi - PucioAoyikéc/ MeveTiIKd Z0vOpopua

NMaBoAoyikég KataoTaoelg - Zt’!_v6_c_>u Werner

Brain aneurysm
Alzheimer's disease
Parkinson’s disease

Cataracts
Glaucoma
Macular

EuBpUiKn avatrTuén Mucositis 'T__/t degeneration
OSMF z Disc degeneration
Endolymphatic sac Cranial plates 2
Hypertension
Hi“?blr atin Vibrissae  (Placenta Aorta aneurysm
roof plate
P COP_D _ Atherosclerosis
Closing Cystic fibrosis | { 48 eT®ov
Lell Liver fibrosis A pom—
Branchialarshes 8 Obesity R —— ‘ ZUvdpouo TTpowpng yRpavong
Chondroblasts — N (Hutchinson-Gilford)
and osteoblasts Intestinal

bowel disease

Call bladder

Mesonephros T
involution Tailtip Sarcopenia
Fiingdferin Digits formation

midline Gut endoderm
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-
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ATToTTTWON

Br. J. Cancer (1972) 26, 239

APOPTOSIS: A BASIC BIOLOGICAL PHENOMENON WITH WIDE-
RANGING IMPLICATIONS IN TISSUE KINETICS

J. F. R. KERR*, A. H WYLLIE axp A. R. CURRIEY
From the Department of Pathology, University of Aberdeen

vacuole

.

feriin
— > JLLEGES Y
(A [{E}) | |

10 pm
Apoptosis

Necrosis

Phase contrast Hoechst Merge




Atmrotrtwon N NpoypappaTiopévog KUuTTapikog
OdvaTtog N Evepydc KuTTapikog OdavaTtog

[EVETIKA €EAEYXOMEVOC HMNXOVIOMOS KUTTOPIKOU Oavartou
ATTAPAITNTOC YIA:

* TNV ATTOMAKPUVON TWV TTAEOVALOVTWYV KUTTAPWYV KATA TNV EMRPUIKA
AVATTTUSN

* TN S10TAPNON TNG OMOIOCTACNS OTOV WPIMO OPYAVICHO
* TNV WPINAVOTN TWV KUTTAPIKWY TTANOUCHWYV
- TOU QIMJOTTOINTIKOU CUCTAHOTOG

- TOU VOO OTTOINTIKOU CUCTHHOTOG

* TNV KATOOTOAN TNG KaKonNOoug e€aAAayng



Ala@opEg

XOpAKTNPICTIKA ATTOTTTWON NEékpwon
EpsQiopara G ugoloyIiKa Modohoyikn BAGREN
Mpoop@oin Movrhpn KUTTapo OUAdec KUTTA pLOY

AvaoTpEynpn

ZUVBDETEIC TLWW KUTTA pLov
METOED TOUG KO WE TH POk
HeWBpavn

KuTTOopoTTAaou aTIKG
opyovidio

ATTtereuBipuwon evflpguwy arTo
TG AUTOTUWH T

Mupniwvac

HKpuigaTivn

ATToddunon Tou DMNA

Kuttapo

D oyOKUTTA pLITN
ELiSpupaTiki @Ay hovn

Z¥NUaTIoOUOC QUANC

Ol (META TIC HOp@OAOVIKED
aMAOVED)

XKOvowTal OTO QpXIKG KOTTOopa

Aoy KUWOVTOI OTO TEAMKG
aTadia

HAev TTOpOTNREITO

ZUppikvLLOn Kol aTTodapnon

(Kapudppnén)

ZUMTTORN IO O WaLeg
QUOYEVOUC TTUKVATNTOC

MOV OUKASOT U OTIKE

ZUDDIEVWON-OYNUaTIoTUa g

QTTOTTT LT IKUDY 0O O Lo
MNai
()Y
[ )y

Mol {pExpl evog anueiou)

KOvowTal OTa TEAIKG KUTTO pO

MOYKUWVOVTO OTO O pXIKGO
aTadia

MoportnpeiTal

Eftopdvion (kopudiuon)

ZUYVKEVTDWION J& WALeg
Qoo@olg TTEQIY DAY OT Og

Tuxaiac KaTavou g
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ATTOTTTWON
Mop@OAoOyIKA XOPAKTNPIOTIKA

lMpwiun @aon i
p , A Morphology of
. MOKVWON XPWHOTIVIG $AN Apo tosgi:
- Mupnvikn amrodéunon s PR
- Zuppikvwaon TrupfAva Rl - \ . fd\ g Cellshrinkage
: ) |

Mé 5 V4 o

éan edon A o romosome
- AAN\OYEG OTNV KUTTAPIKN JEPBPAVN - | condensation
(membrane blebbing) v - | :
- KuTttapikr ocuppikvwon 5 e ) ormation o
- Kataotpo@r KUTTapoTTAdouaTOg ° ‘ i,k‘?‘ chp:::m:: :l.EbS and

Kal TTUupfAva (Kapuopndn) Ap:gyouc_.'b - ?'( y  apoptotic bodies
« OnMIoUpPYia ATTO/TIKWY CWHATIWY l ‘

%¥s?) ) Phagocytosis of
an " apoptotic cells or cell
bodies

Ouwiun @aon
- PayokuTTadpWwon




ATToTTTWON
BioxnNMIKG XOPAKTNPIOTIKA
lMowiun @daon

- EvepyoTtroinon kaoctracwy 3, 7 ka1 9
- Atrokotrj CK-18, B-akTtivng kai PARP

Méon eaon

« ATTOKAAUWYN TOU avTiyovou 7A6 oTnV HITOXOVOPIOKK MEMBPAVN

« MeTd0eon TNG PO PATIOUAOCEPIVNG OTNV ESWTEPIKN ETTIPAVEIA TNG KUTTAPIKAG
HEBpPAvVNG

« Katatunon tou DNA petagl Twv voukAsoowuaTtwv(180 -200 bp DNA ladder)

DNA fragmentation 1=

l 180 bp oligo-
/ nucleosomal
_7/ fragments

Internucleosomal

NS K.\ DNA cleavage £l
‘ .‘—t 4
(\ . Active
A o -
crive CAD/ caspase-3
iCAD/

nuclease DFF40/ i
CPAN DFF45




ATTOTTTWON
AgiToupyikég @aoelg — NMapAyovTeg evepyoTToinong

- ®don £€vaping - EVEPYOTTOIiNONG

- ATTOKpIoN o€ gpediopara BavdaTou

- gvepyoTroinon utrodoxEéwyv / SINEPIOHOG
TTPWTEIVWV TNG olkoyévelag Bel-2

- ATTEAEUBEPWON KUTOXPWHMATOG C

- EVEPYOTTOINOT KACTIAoWV £vapéng

* ®don TéAeong

- EVEPYOTTOINOT KACTIAOWV TEAEONG

- evepyoTtroinon CAD (caspase
dependent DNase)  endoG

- katatpnon DNA (DNA fragmentation)

cell

extrinsic factors - Iintrinsic factors
nutrient loss cell membrane
X malformed
rays proteins
heat
BoLoi— = ot scavenger cell
hormones " 9 g :
proteins malfunction disposal
» .‘_s 1}
DNA D55 o
death damage g

|
execution )~ £
—_—

decision

g
Sr

(-

/
2

’
4

-

J

’

nucleus
packaged

hondrion fragments

initiation



ATToTTTWON
PUOMIOTIKEG TTPWTEIVEG

extrinsic intrins

death ligand .\

o
O
/ i
‘ =

nuclear stress signal @
-

”oo’

0

APAF-1

<npaso-8 %»-/Bw caspuo-o 0—_@

‘A ‘. Telaal
=

% apoptosis

©



Group 1

Group 2

Group 3

MCARD

Kaotraoeg
(Caspases-cysteine aspartyl-specific proteases)

\
caspase2 -
.-
caspase-d ] > initiator caspases
caspase-d -
caspase-10 J
caspase-3 ———
caspase-b —{l- > cffector caspases
caspase-T —i-
caspased -
caspase-4 . m  m
caspase-5 —--
> inflammatory caspases
caspase-12 -
caspase-13 . mm om
caspase-14 —HE )
[DED  Mlarge subunit  Msmall subunit

EVEPYOTOINON NMPOKACTIACWY
evepyoq
Kaomndon X
NH, Heyain
unopovada
e I
8éoeiq i Hwen
Kormig evepyonoinon uropovada
b e Korm
1 1 i\
COOH = o
TIPO-TIEPLOXT
avevepydg EVEPYOQ
npokaomdon Y kaomaon Y
axkoAoubia kaoao®v
éva péplo evepyou kaondong X
7t W
s Siaonaon MpwTeivav
TOU KUTTAPOSIaAUNaTOq
ISR RIS ’
TOAAG pépla evepyol kaomndong Y .
—_— ( diGomaon Twv Aapviy

Tou nuprva

~)

2NN 22N 2N s s

TSI SIS

1kOpa neploodtepa pépla evepyol kaomdong Z



Oikoyévela Bcl-2 rpwrEivwv

Anti-apoptotic BCL-2 proteins

BCL-2, BCL-w, BCL-xL,
A1, MCL-1

™

BH4

Pro-apoptotic BCL-2 proteins
‘Effectors’

BAK, BAX, (BOK™)

BID, BIM
BAD, BIK, BMF, bNIP3, HRK| Noxa, PUMA

BH3 ™




Oikoyéveia |IAP TTpwTEivv

Class 1:

XIAP

clAP1

clAP2

ILP-2

ML-IAP

Baculovirus IAP repeat

Class 2:

NAIP  —~{(BIRI—{BIR2 HBIR3 J— GBB  Ubiquitin binding

E3-Ligase

Class 3:

Caspase recruitment domain
I E2-Ligase




Oikoyévela p53 TTpwTEIVNG

ps3 N[AIPRL... . DED... 1] op J]c
TA PR SAM
pe3 N [ZZ7ZIPr[DB0" [ T oo [T/ HZZX]c
TA PR SAM
p73 N [ZZZIPR[_DEO [ T oo TT/HZZAc
DNA damaqw W ALTERATIONS '
PK parp Sensors '
ﬂ @KWOIKuBG
V
ATR —
| S!gnals l
NHE.
NER
MMR
BER
Effectarsl

A s S s S
G1 S G2
tosis Cell _Cyle _Arrest DNA Repair | EFFECTS |




Oikoyévela pd3 rpwTEivng — KUTTAPIKES AEITOUPYIES

Stimuli Hypoxia DNA damage Oncogenes Developmental Other
Integration by the p53 family

Target oenes p), 14-3-30, R, p57, NANOG, BTG2, PAIl, PUMA, NOXA, BAX, DRS,
gL 8 GADD45¢, etc. others? others? PSIAIP, PIG3, APAFY, etc.
Cell fate @m cell-cycle Differentiation Gesca onpt@

et
—— T—— ————ee—

Cellular function

—




Oikoyévela P53 TTPWTEIVNG - ATTOTTTWON

Class of genes Name of gene Function of gene product

p53 antagonist MOM2/HDM2 induces p53 ubiquitylation

Growth arrest genes p219e inhibitor of CDKs, DNA polymerase
Siah-1 aids B-catenin degradation
14-3-30 sequesters cydin B~-CDC2 in cytoplasm
Reprimo G, arrest

DNA repair genes P53R2 ribonucleotide reduictase—biosynthesis of DNA piecursors
XPE/DDB2 global NER
Xpc global NER
XPG global NER, TCR
GADD4S global NER 7
DNA pol x error-prone DNA polymerase

Regulators of apoptosis BAX mitochondrial pore protein

TPUMA BH3-only mitochondrial pore protein
NOXA BH3-only mitochondrial pore protein
p53AIPT dissipates mitochondrial membrane potential
Killer/OR5 cell surface death receptor
- PIDD death domain protein
‘ survivin PERP pro-apoptotic transmembrane protein
APAF1 activator of caspase-9
NF-xB transcription factor, mediator of TNF signaling
Fas/APO1T death receptor
PIG3 mitachondrial oxidation/reduction control
PTEN reduces levels of the anti-apoptotic PIP,
yBch-2 (repression of| its expression

IGF-1R (repression of | its expression
IGFBP-3 IGF-1-sequestering protein

Anti-angiogenic proteins TSP-1 (thrombospondin) __ antagonist of angiogenesis



BioXnuikd povotraTtia amomrTwong

« E€wyevég « EvOooyevég
- Ymrodoxéwv (TNFRs, Fas, DRS) - Mitoxovopiwv
- Granzyme/Perforin - EvOotrAaouaTikoU SIKTUOU

- sFasL

Q'Jl nmmﬁ
&

FADD cytoplasm
P -

nucleus

Apoptosome

&

ER Stress — 2
gty :




BioXNMIKA HOVOTTATIO ATTOTTTWONG - KAOTTAOEG

Extrinsic Pathway Intrinsic Pathway Perforin/Granzyme
radiation, toxins, hypoxia, etc. Pathway
* Cytotoxic T cells

f

death ligand
death receptor
’ perforin
adaptors mitochondrial changes (MPT) / \
granzyme B granzyme A
disc formation apoptosome forms l
\ f '

SET complex

caspase 8 activation caspase 9 activation caspase 10
\ f / activation
Y

caspase 3 activation
(Execution Pathway) DNA cleavage

endonuclease activation — degradation of chromosomal DNA
protease activation — degradation of nuclear and cytoskeletal proteins — cytoskeletal reorganization
'
cytomorphological changes:
chromatin and cytoplasmic condensation, nuclear fragmentation, etc.

'

formation of apoptotic bodies



ER stress kai amrommTwon

Step
Cellular
thin normal
stress physiology

/\.

“ER (sensor)

- Restore
Protein synthesis —p | Cellular
and metabolism homeostasis
Cell membrane —
Mitochondria-mediated

cell death pathway

X~
ER stress e g /
- Unfolded proteln /

- Calcium release

r/ /-'—

Cytoplasmic

ot L/ g '
),‘ .......... “ER s;ress

0-caspase—1 2

l—’

Caspases
3and 7

Active casp-12

— Apoptosis

Model:| ER stress

\

Caspase-12 activation

Mitochondrial pathway/

Apoptosis



O p6Aog Twv microRNA

DNA RNA proteim

database of specific instructions functional product
Iinstructions

YAV
AN, Vv
microRNA
regulators
@ Survival stimuli
Death receptor Receptor tyrosine kinase
miR-25
miR-93 miR-101 mlR-ZI
FADD miR-1066 mik-512-5p
T miR-130
Intrinsic pathway
miR-155 Mitochondria
Extrinsic mI-R.?75
Pt > PDKL >

| caspase 8,10} >

N

Akt

v

Bcl-xL

BNIP3L
mIR-200bc 2
miiR-15b
miR-429 miR-16
| miR-34
miR-181bc
XIAP - miR-200bc
1 v miR-429
4 Cytochrome c release ””R""gy
| Caspase 3 |e— —| caspase 9 | |

N

Apoptosis



Avoikion (Anoikis)

ATTOTTTWON OPEIAONEVN O amwAsIa
KUTTAPIKNC TTPOCQUONC OTO EEWKUTTAPIO
mAséyua (ECM) n/kai og ammwAgia
OIOAKUTTAPIKNC ETTIKOIVWVIiAC

* OIKOYEVEIQ IVTEYKPIVWY TTOU oXNMaTi{ouV
24 d10@OPETIKA £TEPODINEPN

« 2uvoéTeg (ligands): EOQO Trpwreiveg
(collagen, fibronectin, osteopontin,
vitronectin, tenascin-C, thrombospondin)

MeTaywyn onUATWY TTOU OXETI(OVTAI ME
emMBiwon, KUTTAPIKO TTOAAATTAQCIOOMO,

O10@OPOTTOINON KAl KUTTOPIKNA Kivno T T
(P p n n p n n n Cell death Survival

ATToppUBHION TNG AVOIKIONG OTNV "I 3= eou | egin m Adverers oo
do1adikacia Tng diIRnong- EMT




KuTTtapikn ynpavon
(Cellular Senescence)

Senescence: senex = YApag

H kardotaon Tou KUTTApouU Trou £aoc@aAifel Tnv emiiwon
TOU Kal Xapaktnpideral atroé TTPOYPAMMATICMEVT,
TTOPATETAMEVN OVAOTOAN TOU KUTTOPIKOU TTOAAATTAQCIOOHOU,
AVOEKTIKOTNTA  €vavTl TNS  AMOTTTWONG, METABOAIKA
OpaoTNPIOTNTA KOI TPOTTOTTOINMEVN AEITOUPYia

Resistance to apoptosis

On0
I 0g 0 "®
rowthjarrest S ASP.. ....

Senescence
stimuli

Lipofuscin DNA damage foci Heterochromatin
Accumulation (DNA-SCARS/TIF) foci (SAHF)



NMNapdayovTteg evepyoTroinong - Asitoupyieg - XapakTnpIoTIKA

Inducers

Replicative senescence (RS)
* Telomere attrition

Oncogene-induced
senescence (OIS)

* Hras V12

Effector Programs

L NF-xB Y
[ A
Oncogene-invalidation-
induced senescence (OIIS)
e Myc
* NF1

\ -
=

~

Stress-induced
premature senescence (SIPS)

» Oxidative stress
* Genotoxic agents

J L

e Cytokines

Signaling pathways
* DDR

* p53/p21

* p16/Rb

* COX2/PGE2/EPs

Chromatin modifications

* Remodeling (HP1)

e Histone modification
(H3K9me3)

e SAHF

e PML

Metabolic processing
* Autophagy

* Glycolysis

* ROS production
Secretory stimulation
» Cytokines

e Chemokines
* MMPs

Senescence Markers

/

Sudan Black B

.

ack of cell
proliferation

£/

Lipofuscin
/ Accumulation



Eidn Kal ¢aceIg KUTTAPIKAG YRPAVONG

Development Adulthood
——— Embryonic Acute ' Chronic 4
— (gradual, cumulative damage)
« Mesonephros Placenta Wound oIS PTEN
. Endolymphatlc sac OS5 * Telomere erosion * Proteotoxic stress
dge » DNA damage * Nucleolar stress
Ccent l PIBK | » Epigenetic stress » Spindle stress
» ROS * Low BubR1

* ER stress * Others?

TGFp (PTEN) (HLA-G)
1L CD158 }
(smAD )( Foxo)

p21

Cell cycle
re-entry

RB family
members

Early senescence : —
= Permanent cell cycle arrest

(potentially reversible) ( /‘
« SA-B-GAL positive =

/

. p38 inhibition or
N p16™* inactivation

<o = o
Full onosconcs NUA & oS SAtSP (mﬂammatory cytokmes
= Irreversible cell cycle arrest = °oq—9 9 proGmases: )
* SA-B-GAL positive o o= ) Decreased p53 stabilization
* SASP O/ Impaired immune clearance
Acute senescent cells: Chronic senescent cells:
short-lived and beneficial long-lived and harmful
Morphoge dients Tumor suppressior Tumorigenesis
Changes in cellulanty Wound repair Tissue dysfunction

Placental angiogenesis

Childs et al, Nat Med. 2015



Induction
+ Telomere shortening
+ Non-telomeric
DNA damage
-ROS
= lonizing radiation
-V
* Growth factor
deprivation

PdocIg KUTTAPIKNAG YRPAVONG

"EvepyoTroinon - NMayiwon Kol KOUPIKA popia TEAEOTEG

DNA damage response

» Oxidative stress response
» DNA damage foci

» ATM and ATR signalling

) rodsic Moy

(Re1)  (hust) (Raby)

( ) <@ﬁ99))
(M )

~—

(Ra0s0) (RADIT)RFC)

Growth arrest
» Senescence

== -
=
<
2

b------‘

Mn avTioTpeTTTH @QAON

SWI[SNF

Tnggernng of senescence




MeTaypa@iki pUOUION OTNV KUTTAPIKN YRPAVON
To Rb oTpatoAoyei aTTOOKETUAACEG ICTOVWY, HEBUATpavopepdocegs DNA Kai
ICTOVWYV KOI TTPOKOAEI ETEPOXPWHATIVOTTOINON KAl HETAYPAWPIKN KATAOTOARN

Unstressed cells : Senescent cells

\ / Senescence Associated

SAHFs

@@ Heterochromatin Foci,

@

-l Heterochromatin
proteins

Ac Ac ON

B A

Proliferation genes

| l

Cell cycle progression SAHF formation




O METABOAIOHNOC OTNV KUTTAPIKN YRPAVON
Mitoxévopio — EA (oTpeg) — Autoayia- SASP

ROS

7
« Auénuévn oluvBeon ATP yia auto@ayia NADPH — Biomass synthesis
Kal SASP |JF"..O'(.U p538 Pyruvate
- agPOBIag avartrvong | Oncogenic stress
- YAUKOAuUON r ) o l

- KATABOAIONOG AlITTapwyV 0&EwV

* To SASP mrpokaAei otpeg oT10 EA, TO
OTTOi0 ESOUDETEPWVETAI HEOW TNG
auto@ayiag

TOR
Autophagy ER stress
/ :
? 4%"::

« 2uxVvnA n diatapaxn TG Any effects? 4
AsiTOUpYiOaGg TWV HITOXOVOpPIWYV

metabolites

* Auénuévn rapaywyn ROS!

ROS ATP  —— SASP
\Mitochondria J—*

!

Cell damage

Rafik Salama et al. Genes Dev. 2014;28:99-114



AvaditrAaoiaoTikn Kuttapikn Mpavon
(Replicative Senescence)

D
o
)

Chromosomes are Capped by Telomeres

193]
o
1

TELO (end) MERE (segment)

Phase |l
(senescence)

5
=
&
3
T
§ 40- - \ - \
& Telomere repeat S
§ 30 i
o
B @07 2
- E
2 10 -
3 —— T
2 0 T T T T T T T | L Telomere shortening ) L \ )
10 K0 Q0 180 170 210 250 290

Days in culture

Leonard Hayflick May 15, 1961

Talomers
= &> ——m— 1
5' “TITTTITT eI T IO TT I ITR I T LI LA LA O TIO IO
<MLL, @UUULLLULLLLL
°- 5 Parental DNA
. _— — -~ |eading strand Telomerass
- - |agging strand
< mm  RNA primer
3!
<%
| B— |

Gap



To ynpoocpéva KOTTEPO GLEGMPEVOVTUL GTOVS LGTOVS UE TNV TAPOOO
TOV YPOVOV AOY®:
* AvEnuévog puuog mapay®yns ynPooHEVOV KVTTAP®OV

- LELMOT] UNYOVIGUOV OLOLOGTAGTC/EMOL0PO®OTC - advvapio eElcopponnonc Prafov/oTpeg
- @00opa TEAOPEP OV

* Ta ynpoaocpéve KOTTOPE NTOPOVV VO, ETAYOVY Y PUVOT] GE YELITOVIKA KUTTUPO. 1UE
TopoKpvi) opdon (SASP)

* Meropévn eEgretyn YnpooprEVOY KUTTAPOV UE TNV NAKIC : oxeTILONEVT HE TNV
NMKi0 OVGAEITOVPYIC TOV CVOGOTOMTIKO cOoTn e (ImMmunosenescence)

Young Old

Immune cells
: Immune cells

= .r_, “. p f / oy “’___ -
o0fe L
Immune Immune
clearance clearance
'~ Senescent 3 '~ Senescent

- cells ) cells

ROS L ROS ®
Oncogene activation ¢ | Paracrine Oncogene activation “| Paracrine
Telomere dyafunction s/ senescence Telomere dysfunction »| senescence

Other DNA damage

Other DNA damage

' Healthy ' . Healthy
cells | cells

Shenghui et al, Cell 2017



H cvcompevon TV YNPUGREVOV KVTTAPEOV GTOVS LGTOVS UE TNV TAP0O0
TOV YPOVOL TPOAYEL TV AVUOLAUOPP®GCT] TOV LIGTOV KUl TN
OVGAELTOVPYLO TOV 0PYAVAOV

Damage and

developmental cues Senescence Recruitment Clearance Regeneration

@ Functional cell
Senescent cell

a Cytokines, chemokines and
matrix remodelling factors (SASP)

1 Senescence accumulation
- 2 Chronic inflammation

Macrophage 3 Hbrosis

@ CD4*T lymphocyte

£5D fibroblast

Tissue dysfunction

Munoz-Espin and Serrano, Nat Rev Mol Cell Biol 2014



Mnyoviepot avaolopopPe®oNns 1I6TOV A0Y® KUTTAPIKNS YNPOVONS

Stem or progenitor Disruption of the
cell senescence stem cell niche
He|e|eo|e|o]|e|e|e
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ele|e elo " Stom ool
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Helele|e]plelele - -
Senescent stem Senescent cell
or progenitor cell + SASP

Impaired tissue homeostasis and regeneration

Stress Aberrant tissue architecture

Fibroblast
lelelo olvie
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Extracellular matrix
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Tissue fibrosis
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ojojeoleLe L IR L .|L-1B
.
) & w1 Primary
4 5 . senescent cell

ole|g @/, ¢
Jo elelolile o[o

Paracrine

senascent cell
Paracrine senescence

Inflammation

Hele L J _-‘:—] Immune cells +
' U t, & o inflammatory

ele ~ < ]' cytokines &

Hejelelele {

0] ¢|e ele

IRERRENRS

Jan M. van Deursen, Nature 2014



[Mo16G 0 pOAOG TNG ATTOTTTWONG KAl TNG KUTTAPIKAG YRPAVONS
OTNV KAPKIVOYEVEDN;



AtrotrTwon - Kuttapikn Npavon kai Kapkivog




AuvapIKO HOVTEAO KAPKIVOYEVEONG

(EvepyoTtroinon oykoyovidiwv - oncogene induced)

AVTIKOPKIVIKOG @PAYHOG !

Activated
oncogenes

\

Aberrant
proliferation

¢

DNA
replication
stress +
DNA DSBs

Nomal

ATM Apoptosis
& p53 L= PepR
ATR Senescence

T U

Genomic instability
(Fragile sites + CIN)

|

Additional genetic
mutations favoring ——
cancer development

Precancerous
lesion

_l

Cancer

Metastasis

Gorgoulis et al, Nature 2005
Bartkova et al Nature 2006
Halazonetis , Gorgoulis and Bartek , Science 2008



SA-p-Gal

SA-B-GaVHE

KuTTapiki YAPAvon (KakonBsig e€epyaoieg)

2TTiAol

W rl I DDRI M assl.

SA-p-Gal
T 7

Melan.

Baral Fruld Cancer

Halazonetis , Gorgoulis and Bartek , Science 2008

Michaloglou et al, Nature 2005

Ivwpata ZTOPATIKAS KOIAGTNTAG

Georgakopoulou et al, MAD in press



SASP (Senescence Associated Secretory Phenotype)

SMS (Senescence Messaging Secretome):
H «oKoTelvi» £éK@avon TnG KUTTAPIKAG YRPavong

P53

Cellular senescence X pRb

=
GGFBI’v”L-&\-‘I) —

DD —» Transient DDR

|

Persistent DDR
ATM. NBS1, CHK2)

Mapakpivig dpdon

Tumour growth aL-s. IL-8)
EMT aL-s. 1L-8)

Altered differentiation (MmpP-2)

f
Senescence : - senescent P
stimulus increasing complexity of
2 : time 3
e

Invasion aL-s. iL-8) \
Angiogenesis (L-&, IL-8) I'IapCIKplvﬁg Gpdan

(CXCR2 ligands) :

AuToKplivijg dpdaon
(CXCR2 ligands)

Innate immune response
(Csf1, Mcp 1. Cxcl1, IL-15)

henotypes

———x
decision ] initiate SASP ] express SASP l express SASP ] tune down SASP
IL-1cx mir-146a/b
IL-6, IL-8
NF-xB MMPs
C/EBPf3 etc

Rodier and Campisi J Cell Biol 2011



SASP: AINOnua Kal TTpoaywyn TnG KAPKIVOYEVECNG

Soluble factors

Interleukins (IL)

IL-6, IL-7, IL-1a, -1b, IL-13, IL-15

Chemokines (CXCL, CCL)

IL-8, GRO-a,-b,-gc, GRO-a,-b,-gc, MCP-2,
MCP-4, MIP-1a, MIP-3a, HCC-4, Eotaxin, Eotaxin-3, MIP-1a,
MIP-3a, HCC-4, Eotaxin, Eotaxin-3, TECK, ENA-78, 1-309, I-TAC

Other inflammatory factors

GM-CSE, G-CSE, IFN-?, BLC, MIF

Growth factors and regulators

Amphiregulin, Epiregulin, Heregulin, EGF, bFGF, HGF, KGF (FGF7),
VEGF, Angiogenin, SCF, SDF-1, PIGF, NGF, IGFBP-2, -3, -4, -6, -7

Proteases and regulators

MMP-1, -3,-10,-12, -13, -14, TIMP-1, TIMP-2, PAI-1, -2; tPA; uPA,
Cathepsin B, ICAM-1, -3

(o) EPOATTEUTI Kr'] Soluble or shed receptors or ligands

OPG, sTNFRI, TRAIL-R3, Fas, sTNFRII, Fas, uPAR, SGP130, EGF-R

Nonprotein soluble factors

PGE2, Nitric oxide, Reactive oxygen species

21OX€EUON \

Insoluble factors (ECM)

Fibronectin, Collagens, Laminin

chronic inflammation

e
) Inflammatory =
2 cell
YW .00 NO.ROS, 00
~ O O PGE,
| Tissue P =
damage & Q,' o
| ) ——> 3. O C. O
" = Initiation Q__ - 5
| ! \| -
Normai L Qf umour
cell " Tissue and - cell

 DNA damage

IL-6, TNF

0© VEGE. MMP.

TIMP and TGFB T
\ 07 e | O
\\J O_ \
O ‘~"oﬂ

T Proliferation and |
tissue remodelling |

- O S Invasion
Promotion

Pérez-Mancera et al,Nature Reviews Cancer 2014



MikpoTtrepIBAAAOV TWV OYKWYV, ATTOTTTWON KAl KUTTOPIKN YRPAVON

Ta oAMATA TTOU ETTAYOUV ATTOTTTWOT ) KUTTAPIKE) YAPAVOT MTTOPEI va
EKTTOPEVUOVTAI ATTO TTOIKIAO OTOIXEIO TOU HIKPOTTEPIBAAAOVTOG TOU OYKOU
OTTWG IVOBAAdOTEG, EVOOBNRAIQ K.

Exmnsic features

ECM
Growth factors Myofibroblasts
Proteinases Immune cells
insi MSCs
\ntrinsic features
\\)/\/V\\ Genetic
Epigenetic
o 8 F : Cell-of-origin
1O T ¥ ——

(o]

Blood vessels T l
Lymphatics
Growth factors
Nutrients
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Normal
Epithelium

:isgﬁ“gﬁ% Mechanisms of Ageing and Development
Volume 156, June 2016. Pages 17—-24

Apoptosis or senescence? Which exit route do epithelial cells
and fibroblasts preferentially follow?

Eleni Georgakopoulou® 7 Konstantinos Evangelou® 7, Sofia Havaki®, Paul Townsend®, Panagioctis

Kanavaros®s & . B8 vassilis G Gorgoulis= o = & .
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Marti pag evoia@EPOuUV auToi OI KUTTAPIKOI UNXAVIOHOI
KOl YIOTi UTTAPXEI N aVAYKN aViXVEUONG OTTOTITWTIKWY
KOl YNPOOMEVWY KUTTAPWYV;

o AtTauTeiTal adpavatroinon AU@OTEPWYV YIA TOV KUTTAPIKO HETACXNMATICHO
- e€aAAayn

* MapAPETPOI EKTIPNONG TOU OUVANIKOU auinong (KIvnNTIKEG) EVOG OYKOU
* MapAPETPOI EKTIPNONG TNG CUNTTEPIPOPAS EVOG OYKOU

* MapAPETPOI EKTIPMNONG AVTATTOKPIONG OTN OepaTreia

* ETraveKTINNON «O0EWPNTIKA ATTOTUXNHEVWVY» BEPATTEUTIKWY OCXNHATWYV

* Mgiwon ToSIKOTNTAG ATTO XNMEIOOEPATTEUTIKA (MEIWMEVEG OOOEIG)



AtrétTrTwon — Kut. Npavon Kal KAQACOIKEG AVTI-VEOTTAAOHATIKEG
OepaTreieg
* ETraywyn amémrtwong Kal ¢aivoTuTrou yRpavong HETA atro BepaTtreia
» E€aAeipn [ avaoxeon Tng au¢nong Tou Oykou

* KaBopIoTIKOG TTOPAYOVTAG AVTATTOKPIONG- ATTOTUXIOG BEPATTEUTIKWY OXNHATWY
* ATTOQUYR AOKOTTNG XPNONG OEPATTEIWYV KAl ETTOAKOAOUOWYV TTAPEVEPYEIWV

Tumour Cell

Chemao-therapeautic insult
Fadiotherapy
OMA damage

Cell Hespunseﬁ.
f

Frimary aim of existing ‘ Meed for greater understanding.

anti-cancer therapies

Opportunities for drug development

Cell Death
(Apoptosis)

Growth Arrest
(Senescence)




MEBodoI avixveuong- ATToTTTwon

FITC - ANNEXIN V

TABLE 1 Methods Used for Detecting Cellular Changes
That Occur during Apoplosis

Cellular morphology
Cellular features by light mictoscopy and time-lapse video
MICroscopy
Fluorescence microscopy and laser-scanning confocal
micrascopy, e.g., using DNA stains for nuclear morphology
Membrane alterations
Annexin V binding for phospholipid externalisation
Impermeable dyes (PI) and permeable DNA stains (DAP],
Hoechst) for membrane permeability
Biochemical activation events
Caspase cleavage products
Caspase activity
PARD activity
Transglutaminase activity
Nuclear events and DNA fragmentation
Gel electrophoresis for DNA ladder (intemudeosomal cleavage)
detection
m situ nick transiation
Comet assay
Immunchistochemistry for single-stranded DINA
FACS analysis for cell cycle (pre-G1 peak) dissolution
TUNEL
Mitochondrial permeability
Metabolic activity
Accessibility of mitochondrial antigens
Permeability of vital dyes
Detection of cytochrome ¢ release
Detection of apaptosis-related genes (e, bel-2 family members,
survivin, caspases) and death antigens
For gene tnmscrpl anoefysis
RT-PCR
Northern blotting
RNase protechion assay
Microarrays
For protein analys

Immunocytochemistry /immunofluorescence

Western blotting

ELISA

Two-dimensional gel electrophoresis surface enhanced laser
desorption lonisation (SELDI)



AvViXveuon ynPOaoHUEVWY KUTTAPWV

“Gold Standard” dev untapyet

MexptL Twpa o riio dtadedopevoc biomarker eivat n aviyvevon
NG evepyotntog Tou ev{UpHou Senescence-Associated B-
Galactosidase (SA-B-gal) o pH 6.0

— NpoinoBeteL ppoko Loto (Baoiletar otn eVIUUIKA
gEvepyoOTNTA

— Aev unopei va epappootei oe formalin-fixed paraffin-
embedded (FFPE) archival tissues



Avixveuon ynpoaoMNEVWY KUTTAPWV

MeyxpL tpdodata o mo dtadedopévoc delktnc eiva n aviyvevon
tou ev{Upou Senescence-Associated 6-Galactosidase (SA-8-gal) o€
pH 6.0
— MpoiUmoBEteL vwmo Loto (Baociletal otnv V(UMLK EVEPYOTNTA)
— Aev pnopei va epopUOOTEL GE POVIHOTIOLNUEVO UALKO
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AvViXVeEUOT YNPOOHEVWY KUTTAPWY OE APXEIOKO UAIKO
loToxnuIkA Xpwon Sudan Black B - AItto@oucokivn

www.impactaging.com AGING, January 2013, Vol. 5No 1

Research Paper

Specific lipofuscin staining as a novel biomarker to detect replicative
and stress-induced senescence. A method applicable in cryo-preserved
and archival tissues

Georgakopoulou EA"’, Tsimaratou K*~ Evangelou K", Fernandez Marcos-PJ?, Zoumpourlis \?,
Trougakos IP®, Kletsas D°, Bartek J* 7, Serrano M?, and Gorgoulis VG*

Benign Prostate Hyperplasia K-rasV12 mouse lung adenomas

Double stain Double stain Triple stain
SA--gal NFR SBB NF SA-B-gal SBB NFR
- b v g
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AviXveuon YNPOAOMEVWYV KUTTAPWYV OE APXEIONKO UAIKO
YBpPI0IKN 1I0TOXNMIKRA/OVOOOICTOXNHIKN XpWON ME TPOTTOTTOINHMEVO

2
K

L

XNHIKO avaAoyo Tou Sudan Black B (GL13)

Aging Cell (2016) pp1-6 Doi: 101111 /acl. 12545

P
L"@i% SHORT TAKE

Robust, universal biomarker assay to detect senescent cells in
biological specimens

Konstantinos Evangelou,'* Nikolaos Lougiakis,?* Key words: aging; biotin-linked compounds; immunohisto-
Sophia V. Rizou,! Athanassios Kotsinas,! Dimitris Kletsas,? chemistry; senescence; Sudan Black B.

Daniel Mufioz-Espin,* Nikolaos G Kastrinakis,! Nicole Pouli,”

Panagiotis Marakos,” Paul Townsend,® Manuel Serrano,®

Jiri Bartek®™” and Vassilis G. Gorgoulis1'5‘3 Cellulalr SE:'IﬁEEI‘ICE If: aler':qfamerlrtal Ijllologlnfal process In\.:nh.l-ed Ir:
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Senescent el

Steps:

1) Chemical synthesis
2) Biotin conjugation
3) Histochemical staining, confirming binding to Lipofuscin

4) Successive chromogenic reaction: () — ) @ : 3,3 Diaminobenzidine ( DAB)



Avixveuon ynpoaoNEVWY KUTTAPWY O& apXEIOKO UAIKO

Palbeciclibinduced nmor (melansma) senesceace mouse model
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Senolytic drugs: TTapAYOVTEG TTOU OKOTWVOUV TA YNPACHEVA KUTTAPO
EVEPYOTTOIWVTOS ATTOTITWON

ABT263 / ABT737
(navitoclax)

SASP interventions
(NF-kB-dependent and

: @ EFNB3
-independent methods)

sl . V-ATPase

Trends in Cell Biology, 2018



