Ouada Moprakng Kapkivoyéveong

Epyaoctiptlo lotoAoyiag kat Euppuoloyiog

EOvikG kau Kamodiotplako Maveniotipuio ABnvwv
AwevOuvtnG: Kad. BaoiAng lNopyouAng

Atroétrtwon - Kuttapikn MMpavon kai Kapkivog

EvayyéAhou Kwv/vog
Av.KaBnyntig



Eicaywyn

« H opolooTacia Twv opyaviopwyv egaoc@alAi{eTal atrd T dpdaon
KUTTOPIKWY HNXOAVIOHWYV EVOVTI EVOOYEVWYV KAl EEWYEVWYV EPEBICHATWY

* H TTOopE€ia TOu KUTTAPOU £CapTATAI ATTO:!

» To €idog, TNV Evraon Kal Tn OIAPKEIN TOU EPEBiICHATOG
* Tnv KatdoTaon / @Acn Tou KUTTAPOU
= To eupuTtepPO TrEPIBAAAOV

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

Cellular
Responses
l I

N
Mitotic Necrosis
y Catastrophy

Stress

Cell Cycle ( Senescence Autophaglc
Arrest (irreversible)  Cell Death

T2 8
’ gl




AtmrotrTwon - Kuttapiki Npavon

Apoi1Baiwg ATTOKAEIOUEVOI KUTTAPIKOI MNXAVICMOI

“ STRESS FROM DNA DAMAGE AND OTHER SOURCES
e Severe oxidative stress e Staurosporine * Etoposide
¢ v- and UVB irradiation ¢ High-dose
e Actinomycin-D cisplatin
¢ Low-dose cisplatin
: — * AUTOVOMOI KUTTOPIKOI HNXAVIOHOI AJUvag

¢ Impaired stabilization

* Senescence-specific '—‘{ @

modifi ion A 35 i
odifications » [eveTIKA KOBOPIOUEVEG AEITOUPYIES
. . (6x1 TUXQiEC- HOPIOKA MOVOTTATIAN
\ ¢ b4 ( am )
(p21) (Aroptotic (Puma ) ) . 2 5
b \ 93@_1' - «‘«'\gacn-z) * Koiva onpartodotikd povotrdria (X pS3)
Bcl XL L\
,_ ( ERK . { A A
mRNA downregulation —!f Caspase -3 — * AVGTrTU§I‘] Tou opva\"cuou Kal avnAlKn ;wn

* QuoloAoyIKEG Kal TTOBOAOYIKEG KATAOTACEIG

APOPTOSIS

Senescent fibroblast Normal fibroblast

Néec Bsparrsiag eEAAIYNS ynpACUEVWY KUTTAPWYV HECWEVEPYOTTOINONGS ATTOTTTWONG =
OEVOTTTWON (Senoptosis)



ATTOTTTLWON

Br. J. Cancer (1972) 26, 239

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

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

vacuole

(&)
10 pm

Necrosis Apoptosis

Phase contrast Hoechst




ToTtrol KutTtapikou @avarou

* ATTOTTTWON
(Turrog | mpoypauuariouEVOU KUTTAPIKOU Bavarou)

* Avoikion (Anoikis)
(amémrwon AOyw amwAegIag TN KUTTAPIKAS TTPOCPUOTC)

 Autoayia

* MITWTIKA KOATOOTPO®N

* [MMapdamrTwon

 KUTTOpPIKN YRPOVON

* Nékpwon
(Tuxaia kai xaorikn KUTTapIKH KaTaoTpo®n)




AtrotrTwon N Npoypapguationévog Kuttapikog
Odavartog | Evepyog Kuttapikdg Odavarog

I'eveTiIKG  €heyyOnevog  UNYOVIGHOS  KUTTOPLKOL  Oavartov
OTOPULTITOS YO

* TNV UTORAKPVVGT] TV TAEOVALOVTOV KVTTAPOV KOTAE TNV EUPpuikn
avamtoén

* TNV OPLRAVCT] TOV KUTTOPIKOV TANOVGHOV
- TOV QLUOTIONTIKOV GOGTHHUATOS
- TOV AVOGOTONTIKOV COGTUATOS

* T1] TP on TS ONOLOGTAGS GTOV MPLUO OPYUVIGHO

* OVTLI-KOPKLVIKT] Opacn/@paynog



[CeEVIKA TTAPadEIYMATA ATTOOUPO NS KUTTAPIKWY TTANOUC WY
ME ATTOTTTWOT KOTA TNV OPYOAVOYEVEDN

* H e€a@avion NECODSAKTUAIWY TITUXWV

Kard Tov oXnNMATIONO TwV SAKTUAWY, Ta KUTTAPA TWV HECOOAKTUAIWY TITUXWV TOU
EMBPUOU KATACTPEPOVTAI HE ATTOTITWON OTIG TTEPIOXEG:

— TPOCOIa KAl OTricO1a ATTOTTTWTIKA {Wvn
— EOCWTEPIKNA
— MECOOAKTUAIKEG OTTOTTTWTIKEG (WVEG




H géaAsiyn tn¢ oupag oro avBpwirivo EURPUO Yiveral uE ATTOTITWON




Ala@oOpEG VEKPWONG- ATTOTTTWONG

€4 5
?ﬁ‘?' 4 Membrane blebs

\ @ o milchonaria



ATToTTTWON

Mop@OAOYIKA XOPAKTNPIOTIKA

lNpowiun ¢aon

NG , AN Morphology of
- Mikvwon xpwpHartivng b Anaoioct
- MupnvikR arodopnon "N A pop‘ Pl
» Zuppikvwan Tupfiva hE \ f« g, Cell shrinkage
|
Méon edaon \‘ ’! Chromosome
« AAAOYEG OTNV KUTTOPIKA MEMBPAVN o condensation
(membrane blebbing) l |
. &UTTGPIKI‘] c'uppu(vwon ' o Q’* Formatlon‘of
« KataoTpo@r KUTTAPOTTAACHATOG i . cytoplasmic blebs and
Kal TTupfva (kapuoépnén) g _ﬁ? " apoptotic bodies
. dnuIoupYia ATTO/TIKWY CWHATIWV Vl ‘
Ouwiun @aon 0L Phagocytosis of

- PayokutTdpwon apoptotic cells or cell

bodies

APOPTOSIS |



ATToTTTWLWON
BioxnNMUIKG XOpOKTNPIOTIKA
lMowiun @daon

- EvepyoTtroinon kactracwyv 3, 7 ka1 9
- Atrokotrj CK-18, B-akTivng ka1 PARP

Méon @aon

« AtTOoKGAUWn TOU avrtiyévou 7A6 oTnVv HITOXOVOPIOKA MEMBPAVN

« MeTa0eon TNG PO PATIOUAOCEPIVNG OTNV ESWTEPIKK ETTIPAVEIA TNG KUTTAPIKNG
HEUBPAvVNg

« Katartunon tou DNA peTagu Twv voukAcoowudtwy (180 -200 bp DNA ladder)

DNA fragmentation

180 bp oligo-
nuclecsomal
fragments

Internucleosomal

\ ‘ .\ DNA cleavage £ "
~

‘ Active

Active 3

nuclease CAD/ caspase-3

DFF40/ iCAD/

CPAN DFF45




ATTotTTWON
AgiToupyikég @aoceig — MapAayovTeg evepyoTroinong

- Pdon £vaping - EVEPYOTTOinNONg

- ATTOKpION o€ gpediopara Bavdarou

- gveEPYOTTOinon UTTOOOoXEWV / DINEPICHOG
TTPWTEIVWV TNG olkoyéveiag Bel-2

- ATTEAEUBEPWO N KUTOXPWHATOG C

- EVEPYOTTOINON KACTIAoWYV £vapéng

* ®Pdon eKTEAEONCG

- EVEPYOTTOINON KACTTOOWYV EKTEAEONG

- gevepyoTtroinon CAD (caspase
dependent DNase) | endoG

- Karatunon DNA (DNA fragmentation)

cell

extrinsic factors — intrinsic factors
nutrient loss cell membrane
X-rays malforr_ned
proteins
heat / 0
Bolia " nat scavenger ce
henmones proteins miﬁ‘un:czgon disposal

<"
- e =1
I( -
f =

death .~
S |
docision execution )-/'
—* ~ ‘
gy
l’ . ,’ ’
\'Js
nucleus
packaged
hondrion fragments

initiation



ATTotTTTWON

PUuBuIOTIKES TTPWTEIVEG

extrinsic

death ligand .‘\

intrins

nuclear stress signal @
Bax BN

P
\_ e

<npme ﬂ—»-/ew “':'“?9 :-—@
g

] APAF-1

A ~ apoptosom:
-5

apoptosis

©



Group 1

Group 2

Group 3

HCARD

Kaotrdoeg

(Caspases-cysteine aspartyl-specific proteases)

\ EVEPYOTOINOT) NMPOKACTIAoWV
caspase-2 - evepydq
kaonaon X
caspase-8 - NH A
g > initiator caspases - g
caspase- - il e | I - k)
» - 4 aq
caspase-10 P corgis Wl vepvoroien uriopovs
COOH - e
3 NPO-TEPIOXT|
caspase-3 — - avevepy6s evepyos
npokaondon Y kaomnaon Y
caspase-6 —{ > cffector caspases
caspase-7 —{_—— R 3 axoAouBia Kaoraowy
caspase-1 e 3 éva péplo evepyoU kaomdong X
1\
caspased 7/ I\ T
caspase-§ — - o (( Btdomacn pureiviv
> inflammatory caspases Q“mp taAGparoq
caspase-12 - o
TOAAG pdpra evepyou kaomndong Y ’
caspase-13 . m om BVYERYE R
N
0839899'“ —H. y —————— ( SiGonaon Twv Aapviv
‘1 | ‘\\ //) .-.\\ //, | \\\ ‘1 | ‘.\\ //, H\\ Tou "UperQ
~\
TSI SRS RIS
ODED  Mlarge subunit  Msmall subunit IKOHQ MEPLOTGTENQ HOPIA EVEPYOU KAOTIGONG Z



AvEEAPTNTOC OTTO KAOTTAOCES KUTTAPIKOGS BavaTtog (CICD)

AoMIKn Kal AsITOUpYIKA diatapaxn Twv HITOXovOopiwyv

° [ ) o o6 0 o
o o ¢ OO
o
0

0% 0 © s v LX)
EndoG Cytochrome C AIF Smac/Diablo Htr2A/Omi
Release of Loss of Prolonged mitochondrial
toxic proteins mitochondrial function fission / inhibition of fusion

v
ciCD



Oikoyévela Bcl-2 TTpwTEivwv

Anti-apoptotic BCL-2 proteins

B B O B 550 s

BH4 BH3 BH1 BH2 ™

Pro-apoptotic BCL-2 proteins
‘Effectors’

BAK, BAX, (BOK?)

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

A ©

®




Oikoyéveia IAP TTpwTEivwyv

Class 1:

XIAP

clAP1

clAP2

ILP-2

ML-IAP

Class 2: - IR | Baculovirus IAP repeat
UBA

NAIP  —~{(BIRI)—{BIR2 HBIR3 J—

Class 3:

Apolion _@
{ BR )

Ubiquitin binding

E3-Ligase

Caspase recruitment domain

E2-Ligase




Oikoyévela pd3 TpwTEIivnNg

ps3 N [OATJPR[T DED [ [ op []c

TA PR SAM
pe3 N[PZ7IPr[CDeb 1 | op [I/HZ7X]c

TA PR SAM
p73 N[ZZ7IPr DEC ' [

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

e

Tarvet:genes p2), 14-3-36, RB, p57, NANOG, BTG, PAI, PUMA, NOXA, BAX, DRS,
EELE GADD450, etc. others? others? PS3AIP, PIG3, APAR) efc.

Cell fate @t c@ Differentiation @sc@ @pws&s)

—

————
——
— R

Cellular function

-




Oikoyévela pS3 TTPWTEIVNG - ATTOTTTWON

Class of genes Name of gene Function of gene product
p53 antagonist MDM2/HDM2 induces p53 ubiquitylation
Growth arrest genes p219e? inhibitor of CDKs, DNA polymerase
Siah-1 aids B-catenin degradation
14-3-3c sequesters cydin BE-CDC2 in cytoplasm
Reprimo G, arrest
DNA repair genes DP53R2 fibonucleotide reductase—blosynthesis of DNA precursors
XPE/DDB2 global NER
XPC global NER
XPG global NER, TCR
GADD4S global NER ?
DNA pol error-prone DNA polymeérase
Regulators of apoptosis BAX mitochondrial pore protein
TPUMA BH3-only mitochondrial pore protein
NOXA BH3-only mitochondrial pore protein
p53AIP1 dissipates mitochondrial membrane potential
Killer/DR5 cell surface death receptor
P PIDD death domain protein
‘ survivin PERP pro-apoptotic transmembrane protein
APAF1 activator of caspase-9
‘NF«B transcription factor, mediator of TNF signaling
Fas/APOT death receptor
PIG3 mitachondrial oxidation/reduction control
PTEN reduces levels of the anti-apoptotic PIP,
&Bcl'z (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



BloXNMIKA HOVOTTATIO ATTOTTTWONG

« E€wyevég « EvOoyevég
- Yrodoxéwv (TNFRs, Fas, DRs) - Mitoxovdpiwv
- Granzyme/Perforin - EvOoTTAaoMATIKOU OIKTUOU

©)
B
/ . v Bak
St:ss bVJR @
‘. CytC

HEEESRR nucleus
Apaf ST
Procasp-9

Apoptosome

®




BioXNMIKA HOVOTTATIO ATTOTTTWONG - KAOTTAOEG

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

death ligand —_
death receptor

4

f

adaptors mitochondrial changes (MPT)
PO L -~ granzyme B granzyme A
disc formation < apoptosome formg )
S~ mm———— + _____ - v
caspase 8 activation caspase 9 activation caspase 10  SET complex
* / activation
\

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



EvOoyevéG HOVOTTATI - CXNMUATIOMOG ATTOTTTOCWHOATOG

Apaf-1
e In the cytosol, cytochrome c binds to ‘
Apaf-1to form apoptosome
0© ©
e The apoptosome recruits procaspase 9 OS 08
to generate the active caspase 9 1 Cyt. ¢
o a s
e Caspase 9 then activates the o
executioner caspase 3,6, 7 ©
o
©
Procaspasé o l
c'® Caspase 9
© / o Apoptosome
©
©
O
Procaspase 3 l

/k
Caspase 3




Cellular
stress

ER stress kail amroémTTwon

thin normai
physiology

ER (sensor)

Cell membrane

and metabolism

Restore

Protein synthesis —_— Cellular

homeosiasis

. .
o+
l a

Mitochondria-mediated
cell death pathway

Unfolded Drﬂtem

/4
f’é / rmcaspas&-m

o
/ X f ﬂ Fj“ 4 +"ER s;ress
ERstress e g.

Calcium release

. Caspases .
Cytoplasmic .—F — A 0S|S
compartment Jand7 pﬂpt
Active casp-12
Caspase-12 activation
Model: ER stress Apoplosis
—~— pop

Mitochondrial pathwar’/’



O p6Aog Twv microRNA

DNA RNA

database of
instructions

proteim
specific instructions functional product

AVAVA
microRNA
regulators
@ Survival stimuli
Death receptor Receptor tyrosine kinase
miR-25
miR-93 miR-101 miR-21
FADD miR-106b6 miR-512-5p
T miR-130
Intrinsic pathway
miR-155 Mitochondria
Extrinsic
pathway

| caspase 8,10} >

A

\ 4

[
i '
1
Bd-x{. :
]
miR-200bc BRI -
miR-429 : '
|
_L 1 miR-181bc
O - miR-200bc
_L A4 miR-429
v Cytochrome c release m’R‘*‘gy
| caspase 3 |e— —| caspase 9 | |

N

Apoptosis



Avoikion (Anoikis)

ATTOTTTWON OPEIAOUEVN OE AITWAEIA
KUTTAPIKNC TTPOOQUONC OTO EEWKUTTAPIO
mAéyua (ECM) n/kair o arrwAgia
OIAKUTTAPIKAC ETTIKOIVWVIiAC

* OIKOY£VEIQ IVTEYKPIVWV TTOU oXnpariouv posing
24 J10POPETIKA ETEPOOINEPN

attachment &@a

Release

« 2uvdérteg (ligands): EOO rpwrTeEiveg
(collagen, fibronectin, osteopontin,
vitronectin, tenascin-C, thrombospondin)

MeTaywyr onuATWY TTOU OXETICOVTOI ME
EMIBiwon, KUTTAPIKO TTOAAATTAQCIOO O,
dla@opoTroinon Kal KUTTAPIKA Kivhon

Y
Cell death Survival

A'ITOppl:lel.IIO'I‘] Tng qVOiKIO'r]g O'Tnv Ky 2= ECM j{glntegrin m Adherens junction
diadikacia Tng d61IRnong- EMT




Kvttapwn I'pavon

Opoto6TaTIKOG UNYOVIGHOS OVTUTOKPLONS 6TO Stress

Repair/Recovery\\ /,//Cell death

Senescence

Intensity HIGH

SHORT
Duration

Integrating the DNA damage and protein stress responses
during cancer development and treatment




H tuxn tou kuttapou e€apratat anod v évraon tou stress, kabog Kat
ano ) dwapkera 1) ) «puon» tou BAartikov napdayovia rov ermdpd

Gorgoulis et al, J Pathol 2018

snpavuko xwonnpa! Na

: : s
onxede, va pny onkedo...? MoMg Bynka vok-aout!

Tnv yAitwoa!

Emdwopbeon emruxng

Kuttapr) *Avaviyns



OeueM®on YVopioraTa YNPucUEVOY KUTTAP®YV
Kvotrapa «Zombie», avOeKkTIKA 6TNV 0TOTTMO

________
-
~-
-~

Multilobular |Altered gene
nucleus expression

Increased | Inflammatory
granularity milieu

Leading Edge

Cellular Senescence: Defining a Path Forward

Vassilis Gorgoulis, ' %%%%.* Peter D. Adams,*” * Andrea Alimonti,"****' Dorothy C. Bennett,* Oliver Bischof,”
CleoBishop.” i yre,  Jesiis G, " i Hara,
Valery Krizhanovsky, ' Diana Jurk,'* Andrea B. Maier,'>** Masashi Narita,'® Laura Niedemhofer, Joao F. Passos, '




AvadirrAaoiaoTikn Kuttapikn Frpavon
(Replicative Senescence)

& 60+
(@)
% Chromosomes are Capped by Telomeres
183 50+ Phase I TELO (end) MERE (segment)
Senescence)
5 40- ‘ . N — —
e elomere repeat
a 30 I CCCCCCr
8_ ¢| I dc@©
5 204 o ([
ot 2| @@
o °
g 104 3
3
ot B
< 0 T T T T T T T I Telomere shortening > L (0 y
10 50 90 130 170 210 250 290

Days in culture

Leonard Hayflick May 15, 1961

_— >

5I

3 =— Parental DNA

- f— —— Leading strand
5 ——— Lagging strand
< mm  RNA primer
3'
=}
| I—

Gap



Iy ™ 000pas TV TEAOUEPOVY ...

Oyxkoyoviown
BLapeg Tov yevopatoc/
I'evoto&koi Mapdayovreg

Metaporko stress
Kvtrapoxiveg

®OopaTeropepav

Increased
granularity

Nature 2006




Development

Kuttapikn Mpavon

2nNMaTodoTiKa povotrartia — Totrol - Pdaoeig

Adulthood

Acute

Chronic

——— Embryonic .

* Mesonephros Placenta

* Endolymphatic sac

» Apical ectodermal ridge
« Neural roof plate
(TGFB ) (PTEN ) (HLA-G)
(smAD )( Foxo)
\ 4
p15

Wound

OIS

‘Ccn1|

(gradual, cumulative damage)

* Proteotoxic stress
* Nucleolar stress

* Spindle stress

* Low BubR1

* Others?

* Telomere erosion
* DNA damage

* Epigenetic stress
* ROS

* ER stress

Cell cycle
re-entry

Early senescence

*» Permanent cell cycle arrest
(potentially reversible)

* SA-B-GAL positive

Full senescence

= Irreversible cell cycle arrest
* SA-B-GAL positive

* SASP

7

Morphogen gradients
Changes in cellularity

RB family
members

p38 inhibition or
e \ p16'™43 inactivation
‘ N

SASP (inflammatory cytokines,
proteinases, o th factors)

Decreased p53 stabilization

P e 4 © o©
\\\\/ \‘-t/ 7 o 0o O
<= () exzee
& Q)
/ ’/\\‘\)

Acute senescent cells:
short-lived and beneficial

Placental angiogenesis

Y

Tumor suppression Tumorigenesis
Wound repair

Impaired immune clearance

Chronic senescent cells:
long-lived and harmful

'

Tissue dysfunction



Kuttapiki ynpavon

EviAikn {wi - Puciooyikéc/ MeveTika Z0vopoua

NaBoAoyikég KataoTdoeig 20vdpopo Werner

Brain aneurysm ‘ Cataracts
Alzheimer's disease O Glaucoma
Parkinson’s disease Macular
EuBpuikf avaTrTuén  [issml— - degeneration
OSMF \2 Disc degeneration
Endolymphatic sac -
Hypertension
Hindbrain Placenta  IPF Aorta aneurysm
roof plate
P COPD Atherosclerosis
Closing Cystic fibrosis | { 48 etV
neuraltube Liver fibrosis WP ) <

Cancer
Branchial arches

2U0vopopo TTPpdéwPNGg yRpavong

Obesity Rld‘ _ :
Chondroblasts , enaiaisease (Hutchinson-Gilford)
and osteoblasts Intestinal Transplantation : :

bowel disease
Type 2 diabetes

Gall bladder Pancreatic fibrosis
Mesonephros ; —i Osteoarthritis
involution Tailtip Sarcopenia

Fusing ternum Digits formation

midline Gut endoderm

.............
.......
-
0y

.
.
‘e

e
‘e
u

Skiffev="



SASP (Senescence Associated Secretory Phenotype)

H «emprofic» 1010tnTa ¢ PREVOVGUS KUTTUPIKNS YTPAVOI)S

AVTOKPIVI|G KO TOPUKPIVIIC Opaon

Class Component

Interleukins IL-6; IL-7; IL-1; IL-1b; IL-13; IL-15

Chemokines IL-8; GRO-a, -b, -g; MCP-2; MCP-4; MIP-1a; MIP-3a; HCC-4; eotaxin; eotaxin-3; TECK; ENA-78;
1-309; I-TAC

Other inflammatory molecules TGFf; GM-CSE; G-CSE; IFN-y; BLC; MIF

Growth factors; 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

Receptors; ligands ICAM-1, -3; OPG; sTNFRI; sTNFRII; TRAIL-R3; Fas; uPAR; SGP130; EGF-R

Non-protein molecules PGE2; nitric oxide; ROS

Insoluble factors Fibronectin; collagens; laminin

SASP factors mediate

Persistent chronic
inflammation
(inflammaging)

Developmental

senescence

Wound healing Tissue plasticity

Nature Cell Biology 2009
Nature Reviews Cancer 2014




H gupévovoa Kuttopiki) ynpoaven...etvor empropnc!

IHapodkn KutTapKl yrpavon
Damage and

developmental cues Regeneration

Clearance

Recruitment

@ Funcrional cell

Senescent cell 1. Erayoynq yipaveng mopaxpivag

2. Awatapayn avayivviong 1IeTOv

ﬁ Cytokines, chemokines and
" | (s€avtinon TpoyoviK®OV KuTTAp®V)

matrix remodelling factors (5A5F)

Macrophage 3. Ivoon - Amodopydveoen EOO
Ei CD4* T lymphocyte 4.Ynofockovca ypovio preypovi
£ Fibroblast
Tissue dysfunction

Nat Rev Mol Cell Biology 2014




NMwg avixveUeTal N KUTTOPIKA YRpAvoN;



AViYvELOT] YNPUGUEVOV KVTTAP®YV

Extiunon g evepydttag tov evidpov Senescence Associated -galactosidase (SA- p-gal), pH=6

CH,OH

Q

Anarteiton vorté (un povipomompévo) vako / Yevomg 0eTikd Kot apviTIKA amroTeléopaTo

J[ [-Galactosidase

X-Gal #’

OHOH

OH
H

/Z:\:

HO

H mio 61a5850,uév11 uéhooog

Normal Senescent
A e =l L
C ,/ — -~ \‘ 4 R “ l,
‘ O A e 2 s = ». S5 -
Br AT\ R - S
4 — ) s _\.
\ 3 p

>

Dimri et al, PNAS 1995

20v0gon KUvoTOHOV 0VTIOPAGTI|PLOV

# SenTraGor"

Antibody-enhanced detection of Senescent cells

IMAcovekTnota:

*‘E@appoleton o€ mdong gvoems froroyiko vAko
(apyELeKo VAIKO)

An innovative marker of Senescence applicablein every biological sample ‘Y\l"lkﬁ SU(HGOT]Gi(I

G13 (SenTraGor™

Method

o

HN“(

" NH
Q \/\/'@
H
C s

o
HN NH
ZN
N
Newly synthesized
ZN

biotinylated

N
Sudan Black-B
chemical analogue

Alkaline phosphatase (AP)

Secondary ab

Anti-Biotin ab

GL13
(biotin conjugated)

Lipofuscin
(cytoplasm)

I

*Yyni eldikotnro

Xvpufato pe ariec pe®oodovg (m.y.
avocoictoynueio-1HC)

*Megyaio gvpog epappoyav (IHC, ICC, IF,
FACS)

Aging Cell (2016} pp1 -6 Dok 10.111/2cal 12545
ey
&%) SHORTTAKE

Robust, universal biomarker assay to detect senescent cells in

biological specimens




H Amo@ovokivny amoteleital amo «Bapimoy 0Ee10UEVES TPOTELVES,
0EE0MUEVH MO0, CAKYOPO KOl LETUAAU, 1] OTTOLN GVGGMPEVETUL GTA
YNPOUOUEVA KOTTOPO RETA OTTO YEVOTOEIKO, TPMOTEOTOSIKO Kol peTafoiko Stress

Senescent Cell

Stress Heavily Oxidized proteins
. . Metabolic Oxidized Lipids
— — =—
Normal Cell Stimuli Carbonhydrates
Metals

No dilution via
cell division

Non degradable

Lipofuscin
Accumulation

Strong Interaction II

Gor™
Aging Cell (2016} ppl-6 Dok 10.1111/acel 12545
AGING, January 2013, Vol. 5 No 1 P Jourma of Pathology
= J k20 24 15 [ INVITED REVIEW |
Rescarch Paper %/ SHORT TAKE Publichissd oning 19 July 2018 In Wikey Cmiling Libirery
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Palbociclib - induced melanoma

senescence mouse model
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Kinase inhibitors
(Dasatinib)
Anti-oxidants
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