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Overexpression of the Replication Licensing
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AUVOULKO MOVTEAO KOPKLVOYEVEGNC

(Evepyormnoinon oykoyovidiwv - oncogene induced)
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XopuKTNPIETIKA YVOPICUOTO TOV Y1|POCUEVOV KUTTAPEOV

«Zombie» kUTTapO
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Hallmarks
of the
senescence
phenotype

. Avtictoon oty anontoon!

Cellular Senescence: Defining a Path Forward

Vassilis Gorgoulis, 7% Peter D. Adams,?*'* Andrea Alimoni, Dorothy C. Bennett,* Oiver Bischof,
CleoBishop,* Judith Campis; \ ! yre, © Jesis Gl EijiHara,
Valery Krizhanovsky, "’ Diana Jurk,'* Andrea B. Maier,'*** Masashi Narita,'° Laura Niedemhofer,'” Joao F. Passos,"
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SASP (Senescence Associated Secretory Phenotype):
H «empBropio» 1010tTTa TS EUREVOVGUS KUTTUPLKTS Y1 POVOT)S

AVTOKPIVIG KoL TOPOKPIVIS 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 TGFp; 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 PGEZ2; nitric oxide; ROS

Insoluble factors Fibronectin; collagens; laminin

SASP factors mediate

Developmental Persistent chronic
senescence inflammation
' (inflammaging)

Wound healing Tissue plasticity

Nature Cell Biology 2009
Nature Reviews Cancer 2014




H sppévovoa Kuttapikn ynpaven...sival emprofnc!

IHapodkn KuTTOPIKN Y1pAVOY
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Nat Revi Mol Cell Biology 2014




Mnyoviepoi KuTTopiking y1npoavens — Avaolopyavmon 16Tev

1. Awatapoyn Opowctaciog Kor AvayEvvnong
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Storer et al, Cell 2013
Mufioz-Espin & Serrano, Nature Revi Mol Cell Biol 2014
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AViYVELGT YNPAGUEVOV KUTTAPOV
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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. Gorgoulis'**
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O gvromopnog TS MTPOPOVOKIVIS, Paciko Pripa Tov kKadrep@puévov
gAYOpPLOOv YIa TNV OVIYVELGT] TS KUTTUPIKNS YNPOVONS:
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* Proliferation markers
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Other markers
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* Based on the
anticipated type of
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Leading Edge

Senescence
detection

Cellular Senescence: Defining a Path Forward

Vassilis Gorgoulis,' 2°2525* Peter D. Adams,22"2° Andrea Alimonti,%¢.31 Dorothy C. Bennett,” Oliver Bischof,®
CleoBishop,’ Judith Campisi,” Manuel Collado,? Konstantinos Evangelou,' Gerardo Ferbeyre,'* Jes(s Gil,"" ** EijiHara, '
Valery Krizhanovsky,'® Diana Jurk,'* Andrea B. Maier,'>%* Masashi Narita, '® Laura Niedernhofer,'” Jodo F. Passos,




GLF16: avdioyo Tov Black-B (SBB) pe vopo@iiec 10160186

Synthetic procedure for hydrophilic SBB analogue
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Molecular Cell

A fluorophore-conjugated reagent enabling rapid
detection, isolation and live tracking of

senescent cells Magkouta et al., 2023, Molecular Cell 83, 3558-3573
October 5, 2023 © 2023 Elsevier Inc.




Palbociclib - induced melanoma

senescence mouse model

(+) Vehicle

(+) Palbociclib

Tumor tissue

H evoopatmon tov GLF16 o¢ vavopopéa (M-GLF16) emtpémear tnv
AVIYVEVOT TOV YNPUCUEVOV KVTTAP®V 6€ LOVTES 0PYAVIGUOVS
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A fluorophore-conjugated reagent enabling rapid
detection, isolation and live tracking of

senescent cells Magkouta et al., 2023, Molecular Cell 83, 3558-3573
October 5, 2023 © 2023 Elsevier Inc.







Kvttapwkn I'Mpavon — Ospehr0oeg yvo propo tov Kapkivov (2022)
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Hallmarks of Cancer: New Dimensions

Douglas Hanahan



Senescence Associated Secretory Phenotype (SASP)

ALaQuy1] 070 TNV KUVTTUPLKT Y1PE.vVeT]?

Nat Cell Biol 2009
Nat Rev Cancer 2014
Nat Cell Biol 2016
BMC Genomics 2018
Genome Biol 2018
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Yynio mocooté ynpoospévov HRS og tpotoradn HLS,

10 KoO16TA avOeKkTIKG 6T YMuetodepansio e 5 N
ELSEVIEI journal homepage: www elsevier.com

Pharmacology and Therapeutics

E&arewn ynpoopnévov HRS copminpopatiké g
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Senescence and senotherapeutics: a new field in cancer therapy




Kvttapikn I'Mpavoen Kor KLOGOIKES aVTI-VEOTAUG LOTIKES Ogpameleg

* ETraywyn @aivoTutrou yfpavong HETA atro Bepartreia
*KaBopIoTIKOG TTAPpAYOVTAG AVTATTOKPIONG- ATTOTUXiOG OEPATTEUTIKWY OXNHATWYV
* ATroQuyr AOKOTTNG XPNonNg Bepatreiwy Kal ETTAKOAOUOWYV TTAPEVEPYEIWV

Tumour Cell J

Chemao-therapautic insult
Radiotherapy
DMA damage

Primary aim of axisting ‘ Meed for greater understanding.

anti-zancer therapies Opportunities for drug development

Cell Death Growth Arrest
(Apoptosis) (Senescence)

Cancers 2020




2ev00€EP OTEVTIKOL TOPAYOVTES
(Senotherapeutics)

Kinase inhibitors Nanoparticles
(Dasatinib)

Anti-oxidants . . - .
(Quercatin, Fisetin) Senolytics Delivery of senotherapeutic drugs

BCL-2 inhibitors * Transfer of SASP inhibitors, GosNPs

(Navitoclax, A1331852, A1155463, ABT-737) S effectors, small molecules GalNPs
Mitochondrially targeted drugs * Eliminating senescent MoS2 NPs

(Mitocans, MitoTam) cells via induction of ?:artl:ocl;glPs N
HSP90 inhibitors . * a +rapamycine NPs
(Geldanamycin, tanespimycin, alvespimycin) apoptos1s/ cell death CD9-Lac/CaCO3 NPs

FOXO04-p53 interaction inhibitors K
(DRI peptide)
Alkaloids
(Piperlongumine)
HDAC inhibitors
(Panobinostat-Farydak®)
Glycolysis inhibitors
(2-deoxy-D-glucose)
CGs

ATM protein inhibitors *
0% o o
%o e © o

Senomorphics

+ Inhibition of SASP controlling
signaling cascades
Modifiers/enhancers of the immune svstem + Specific antibodies against
individual SASP factors
» Reactivation of immune cell pool
* 1 senescent cell immunogenicity

Encyclopedia of Pharmacology 2021




Tpomomoinon avVTIKOPKIVIKOV OEPATEVTIKOV GTPUTNYIKOV

a. KaOwepopévn Oepomevtikng Tpocséyyion

Chemotherapeutic
treatment

relapse

b. AvaOswpnuévn OepamevTiki) Tpocéyyion

Chemotherapeutic + Senolytic
treatment

2

/ Tumor

elimination

® Tumor cell * Senescent cell ‘ Dead cell

Molecular Cellular Oncology 2022
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Ipooceyyloeilg mpoiNYns TS KVTTUPIKIGS YN PAVeNS
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Calubag et al, Cell Metab 2024




Iepropiopog Tpocinync Oepuidomv-gvépyeras: Moproka povomatia

4 Insulin; IGF-1

} Glucose

Entnpealovtal Kupiwe 4 petafoAka
ONMOTOSOTLKA LOVOTTATLAL:

* tTn¢ AMPK

* TOU LVOOUALVO-HULUNTIKOU
avéntikoL rtapayovta-1 (IGF-1)

* TOU OTOXOU TNC PATIOLLUKIVNG TWV
BnAaoctikwv (MTOR)

* TwV olptouvwv (SIRTs).

MBava opeAn
vnoTelag;

Maduro et al, Porto Biomed J 2021
Aversa et al, Aging Cell 2024




Iepropiopog mpocinync Oepuido®v- Moprokoi pnyavicuot
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[T1BovOS unyovicuog avTl-ynpovIikng dpaong:
[TapepuPaivovtac otnv tnyn g PAAPNC (0EEW®TIKO 6TPEG N
eAeynovn) N emdopBavovrag/ealeipovtag Tnv Mo VITAPYOVGa
BAGPN, TBavn evicyvon Tng avtopayiog
AvVT-ynpavtikéc 0pacelc LEom g pvbuong tov povoratiov SIRT1

Maduro et al, Porto Biomed J 2021
Aversa et al, Aging Cell 2024




Eniopaon TS Tpocinqyns TpmTEIVAOV 6€ O1APOPES TTVYES TG
KUTTOPIKIG Y POVOIS

AlorTa YOpNAT] GE TPOTEIVI] HELAVEL TNV KVTTUPIKI] Y PAVOD)

s

T Cellular senescence

. N—— T SASP development
High protein diet — d

(>20% of calories from protein) T Inflammation

| Proteostasis

! Availability of plasma
(NAD+

Proteins T Proteostasis
T Mitochondrial biogenesis
T SIRTs expression

T Telomere length

L’ Low protein diet —— | Cellular senescence
and/or BCAA 1 ROS induced stress
(<10% of calories from protein)

Diwan et al, Food Sci Biotechnol 2022




oo oK apITES KOl KUTTAPLKT] YHPOVGT)

Fucoidan
Astragalus membranaceus Trehalose
Aronia melanocarpa heteropolysaccharides Pyruvate malate
Angelica sinensis Fumarate
Tricholoma lobayense N-glycan

Lycium barbarum | harld d bolic | di N-acetylglucosamine
Korean ginseng berry Polysaccharides and Metabolic intermediates Chitosan

| | |

Reduce inflammaging Upregulate Increase
proliferation of NK cells NAD/NADH
and Treg cells

\ 4 — =1 ' IL—\:%F—B 3

Promote Modulate
mitophagy AMPK/SIRT1/NF-kB
Signalling

Inhibit cellular
senescence

Activate DAF16
activity by SIR-2.1
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Aapa 0EE0 Kol KUTTOPLKI] YI|pOvon)

H kvttopuk yfpoven Kot €101KE GvT1] TOV VOGOTOTIKOY GUGTHLOTOS
ennpealovron oo To ETITEON TOV OUEYR-3 MTOAPOV 0EEOV

(o,

{ Replicative # Phagocytic 2 CD4+ and CD8+ 1 Inflammatory

senescence and activity of immune lymphocytes cytokines (IL-6 and
cellular senescence cells TNFa)

o
=T 3¥ W)

Diwan et al, Food Sci Biotechnol 2022




Enidopoon ote@opmy OluTPOPIKMOV GVGTUTIKOV GTIV
KUTTOPLKT] YN POVGT)

Decreased replicative Decline in inflammatory
senescence cytokines

Downregulation of senescence
associated B- galactosidase
expression

Reduced expression of Alleviation of systemic
Polysaccharides p16INK4a/ inflammation

Oligosaccharides

BCAA Modulation of _ Decreased mTOR and
Omega 3 DHA AMPK/SIRT1/NF-kB signalling  |nsulin/IGF-1 signalling

Vitamin D Vitamin E Improved mitochondrial

Zinc function
Magnesium

Polyphenols Probiotics Increased Sirtuins Alleviation of ROS
signalling induced stress

Diet Constituents
- : s Increased CD4+ and CD8+ suppression of SASP
? g , w(_/‘) lymphocytes

Increased Healthspan and longevity

Diwanet al , Food Sci Biotechnol 2022




AL TPOPIKG GUOGTATIKG UE GEVOAVTIKES LOLOTITES

AldQopa. QLTIKG TOPAYWYQ OTTMWG 1| KOVEPGETIVI], 1| TITEPAOVYKOVUIVI] KL
N PIGETIVI O100ETOVY GEVOALTIKES 1010TNTESG

H mpoegpyduevn omd 10 mpacwvo todl mwolv@arvorn epigallocatechin-3-
gallate (EGCG) pewwver ) @Aeyuovn, ™ dvoPimon Tov eviépov Kot TN
GLGGMPEVCT YNPUCUEVOV KVTTAP®V GTO AITM®ON 16TO Kl GTO EVIEPO

DuTiKd EKYVAIOHA YOIOOVPAYKAOOV TAOVGL0 GE TOAVPUIVOAES TPOKUAEL
cEVOALOT) GE avOpOTIVOL KOTTAPA OEPLOTOC

H pmeppmepivy eumnooilel m ynpoven avocTEALOVTOC TO GTUATOO0TIKO
uwovordtt MTOR

H pecoysrokn owatpo@n aivetol vo avosTpEPEL TNV KVTTOPLKT) YNPOVO

Martel et al, Biomed J 2024




XEVOAMTIKA Paproxka

AVTIKOPKIVIKG QAPROKA TOV AP CLUOTOLOVVTUL Y10 AAAOVS GKOTOVS

(Drug Repurposing)

I'mpaocpévo xkvTtapo
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) Opoppomevia
YVOTNNOTIKEG Ovdstepomevia
Hapevépyereg Avarpio
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Bcl-2 inhibitors |

(Navitoclax, Venetoclax)

Tyrosine Kinase
inhibitors
(Dasatinib,)

Flavanoid
Polyphenols

(Fisetin, Quercetin)

HSP inhibitors

(IP1504, 17-AAG, 17-
DMAG)

P53
inhibitors
(FOXO-DRI,
UBX0101, P2207)

‘:“.“3 . T
' Senolytic activity - i \

2OYYPOVES GEVOAVTIKES TPOGEYYIGELS

Cardiotonic

steroids
(Ouabain, digoxin,digitoxin)

Anti-beta-microglobulin/
duocarmycin

Anti-Apolipoprotein D/
pyrrolobenzodiazepine

.

#

* \ uPAR CAR-T
Payload * fl cell
cytotoxicity

s TN

—

lon Channels
apoptosis

Target inhibition ‘L’_‘
i:,“ \‘r ‘
\ l T Cell-mediated |
cytolysis |
&) ';:/

Drugs
released

NKG2D CAR-
g T cell
Prodrugs metabolized by
beta-galactosidase

enzyme

(SSK1, GMD) Lelarge et al, npj Aging 2024




20v0eoN QUPUOKEVTIKIS TAUTOOPUUS OTOYEVUEVIS GEVOAVOTC

Lipofuscin Binding Linker Senolytic Micelle
Domain drug

e+ﬁ+0+(-‘\}
N

GL9 GL353 GL392
SBB derivative SBB derivative SBB derivative coupled with
with linker Dasatinib through a linker j‘\*)\

N

PEO-b-PCL (m)

Selective senolytic
complex

nature aging

Technical Report https:/fdoi.org/10.1038/s43567-024-00747-4
Generation of a selective senolytic platform
usingamicelle-encapsulated SudanBlackB
conjugated analog




Ip®OTNS YEVIAS GEVOATIKG QAPUROKO -
Mnyoviouot o pacns

Dasatinib 17-DMAG Curcumin Navitoclax
Quercetin Catechins Catechins
ABT737

Fisetin
- 3 A1331852
A1155463
Panobinostat
PI3K/AKT J-

\/ @
caspase9 5

cytoc apafit

'

caspase3,6,7) Apoptosis

=
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/
7

|

FOXO4-DRI




To MGL392 emrtvyydvel eKAEKTIKN 6EVOLVGT IN VIVO, Y0PIS TAPEVEPYELES

0 Days 9 Days 18 Days
B16 Injection B16 Tumor development Treatment (+) Vehicle Tumor assessment
Group 1 e [ (.c et ettt [ ('c <
,:;‘ - ) (+) Palbociclib )
Group 2 T, S [ (’c Mmoo > (’: o
\\i" : ) (+) Palbociclib+mGL392 )
Group 3 @ ----o-ommmemeemmemesseoeeooee P A > LY ——
{ (+) Palbociclib+(mGL392+Q)
e P A > &&
\i‘ (+) Palbociclib+D
Group 5 T —————————— O —— > SV C——
. § =
x . (+) Palbociclib+(D+Q) N
GI'OUP 6 < > (.\: < e e e e eeeeeeeeeeeeeeeeeeeeooea- » (.: < i
(+) Palbociclib GLF16 staining
c.
Vehicle Palbociclib mGL392 mGL392+Q D D+Q
@ (+) Palbociclib
g
o
2
=
7]
&
g
Vehicle Pal. mnGL392 mGL392 D D+Q
T 2
(+) Palbociclib 6 Cl.Caspase-3 staining
Vehicle Palbociclib mGL392 mGL392+Q (+) Palbociclib
A
. ; \‘-‘\ ! | 2 3 ” *
) 4 ) { K] *
N it o9 \\‘-.‘_ e .‘( 3 * 7 e **
L) . =4 g b g 2i L4
: \ Sa s
; i g ok } ~ 4 3
A J . { oy’ | A A ’ S 1
A " ¥ 3N b ¢ o 3

JEPLANE Sy ot o { L8 Rt St g
LTRs .(;I.Caspgs:e-s‘h - 7\(\2[.(’:.aspasg-3 =" Gl_.Caspase-B ==  Cl.Caspase-3 b2 ‘B!’Ca‘ﬁﬂ‘av\ge% '.‘—h:“{“

Vehicle Pal. nGL392 mGL392 D D+Q

] LI r 2

nature aging

Generation of aselective senolytic plaifdrm )
using amicelle-encapsulated SudanBlack B
conjugated analog



MGL392:Movtého 6ToEVUEVIS GEVOAVONG

Y
Senolysis

pH= 4.5
Cytoplasm

Free
Dasatinib

Nucleus

\.“'L“/
® GL9 ‘ GL352 7 mGL392 Tyrosine Kinase
S5

nature aging a

Technical Report

Generation of aselective senolytic platform

‘ GL353 @ Dasatinib @ Lipofuscin & cellular Esterases ggi]‘}%;a“t‘;‘c’f;ﬁfg;apw'awdS“da“B'ad‘B




EAAHNIKH AHMOKPATIA

Edvikév kot Kanodictpraxov
Mavemotipiov Adnvev
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