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Eidn kKutTtapikouL Bavatou

Kuttapikog 6avatog (cell death):
Mn avaotpedipog eKOUAIOUOG
CWTIKWYV KUTTAPLKWY AEITOUPYLWYV
BIWC TG TMapaywyng ATP kat tng
opgolootaocng oéeldoavaywyng mou
TIPOKAAEL ATTWAELA TNG KUTTAPLKAG
akepalotTNTag
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KUTTapPLKOG Oavatog
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Hotchkiss et al. 2009 NEJM
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https://www.nejm.org/doi/full/10.1056/NEJMra0901217

Eidn kKutTtapikouL Bavatou

Kuttapikog Oavatog (cell death)

Tuxaiog kuttapitko¢ Oavatog (Accidental
Cell Death, ACD): otwyplaiog, aveéeAeyKTog,
TIPOKAAEITAL PECW aTmoouvappoAoynong tng

TMAQOUATIKNG MHEUBPAVNG AOYW  akpaiwv
GUOIKWYV, XNHIKWV N HNXAVIKWY AlTIWYV

NEkpwon
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PuOuilopevog kuttapltkog Oavartog
(Regulated Cell Death, RCD): Mopdn
KUTTAPLKOU BavAatou ToU TIPOKUTITEL
arto TNV  evepyomolnon  &vog N
TIEPLOCOTEPWYV HOVOTIATIWY HETAYWYNG
ONUATOCg, KAl WC €K TOUTOUL MTIOPEL va
puBOpLOTEL DAPPAKOAOYLKA ) YEVETIKA

Amontwon

NEkpwon Autodayia
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Eidn kKutTtapikouL Bavatou

= Kuttapikn ynpavon (cellular senescence):
Mn avaotpePipn arntwAela Tng LIKavotntag
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Kaw BlOXNHLKA XAPAKTNPLOTIKA

= Edepokuttapwon (efferocytosis):
ATIOPAKPUVON ATIOTITWTIKWY KUTTAPWYV
aro ta dayokuTTAPA
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Extracellular
Bacteria

Current Opinion in Microbioclogy

https://www.sciencedirect.com/science
/article/pii/S1369527413002014 .



https://www.nia.nih.gov/news/does-cellular-senescence-hold-secrets-healthier-aging
https://www.sciencedirect.com/science/article/pii/S1369527413002014

Eidn puBputdopyevou KUTTAPLKOL Bavatou

" [poypappatiopgevog Kuttaptlkog 8avatog (Programmed Cell Death, PCD):
Idlaitepn popdn RCD 1tou epdavidetal oe avotnpa duoloAoylka ocevapla, dnA. dev
oXeTieTal e dLATAPAXEC TNC OPOLOOTAONC KAl WC EK TOLTOU dev epdavidetal oTo
TTAQLOLO ATTOTUXIAC TTPOCAPHOYNC OTO OTPEC

* Mutwtikn Kataotpodn (mitotic catastrophe): OykoKataoTAATIKOC HNXAVIOHOC yid
TOV EAEYXO0 TWV Avikavwy yla pitwon kuttapwy pe RCD r kuttapkn ynpavon. Autni
KaBautn, N HITWTLKN Kataotpodn dev artoteAei popdpr) RCD

* Mutwtikog 0avartog: Eldikn tapariayry RCD (1o cuxva, avadepetal oe evOOYeVN
QATTOTITWON) TTOU TIPOKAAELTAL ATIO PITWTLKNA Kataotpodn.

Mnxaviopol kuttaptkou Bavatou - X. AdapottouAog 6



MopdoAoylkeg odelg puOuLlopevoU KUTTAPLKOUL Bavatou

MutwTtikn Anontwon Nekpwon Avtodaykog
d KUTTAPLKOG Oavatog

Kataotpodn

4 -

HCT-116 cells 5 pum Hela cells | :5 pnm | CT26 cells 5 pm striatal cells 2 pum
-TtoAuTtupNva KUTTapPaA -ouppikvwon -dlatacn TNg TTUPNVLKNG -autodaykn
(N: TtupAvag) -OUMTIUKVWON XpwHativng HEMBPAVNG, -OlOYKWOoN KevoToTiiwon
- HEUBPAVIKEG «DOUCKAAEG>  -TIEPLEYPAHHEVI CUUTIUKVWON
Xpwuativng

https://www.nature.com/articles/nrm3115
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https://www.nature.com/articles/nrm3115

Eidn puBputdopyevou KUTTAPLKOL Bavatou

NEkpwon mou odeiletal otn petafacn tng dwamepardotnrag Twv Mrtoxovdépiwv (MAM) n MAM
Ka@odnyouvpevn vekpwon (Mitochondrial permeability transition [MPT]-driven necrosis): Eldwkn popdn
RCD tmou mpokaAsitat amo dlatapaxeg Tou €vOOKUTTAPLKOU MIKpoTEPIBAAAovTOoC Kal Baciletalt otnv
KUKAoPAivn D (cyclophilin D, CYPD)

E€wyevng anomtwon (extrinsic apoptosis): Edik mapalayry RCD mou &ekiwva amo dlatapaxeg tou
eEWKUTTAPLKOU HIKPOTIEPIBAANOVTIOC TIOU avixvevuovtal aro Uumodoxelc TmAAoHATIKAG MeEPPBpavng,
HeooAaBeital aro TNV Kaotaon 8 Kal OAOKANPWVETAL ATIO TIC KACTIACECG EKTEAECTECG, KUPLWCE TNV KaoTttaon 3.

Evdoyevng anomtwon (intrinsic apoptosis): Tortog RCD mou &ekiva amo dlatapaxeg Tou eEWKUTTAPLOU )
eVOOKUTTAPLKOU HIKpOTIEPIBAAOVTOC, KaBopidetal armo tnv dlanepatoTnTa TNG PITOXoVOPLAKNG EEWTEPLKNG
nepBpavneg (mitochondrial outer membrane permeabilization, MOMP) kat pecoAaBeital ano TI¢ KAOTIACER
EKTEAEOTEC, KUPILWC TNV Kaottaon 3.

Anoikis («Av-0ik-1¢»): Eld1kn tTapaAAayr] tng evdoyevoug ATTOTITWONG Ttou EEKIVA ATIO TNV ATwAELA
NG eEAPTWHEVNC ATIO TNV LVIEYKPIVN TIPOCKOAANCNC.

Avoooyovikog Kuttaplkog Oavato¢ (Immunogenic Cell Death, ICD): Mwa popdry RCD wkavou va
EVEPYOTIOINCEL PIA TIPOCAPHOCTIKI AVOCOATIOKPLON OE AVOOOETIAPKEIC EEVIOTEC.

Mnxaviopol kKuttapikouL Bavatou - X. AOApOTIOUAOG 8



Eidn puBputdopyevou KUTTAPLKOL Bavatou

Kuttapikog Oavatog mou eaptatat amé tnv auvtodayia N auvtoPpaylkog KUTTAPLKOG Oavatog
(Autophagy-Dependent Cell Death, ADCD): Mia popdn pubuilopevou KuTTaplkou Bavatou ttou e€aptatal
UNXAVIOTLKA ATtO TOV auToPpaylko PHNXaviouo.

Autosis: Eldkn tepimtwon ADCD mou Baoidetal otnv pepBpavikn avtAia Na*-K* (i ATPaon Na*-K*).

Kuttapikog 8avatog mou eaptatal ano To AUGOCWHA } AUGOCWHLKOG KUTTAPLKOCG Oavatog (Lysosome-
Dendent Cell Death, LDCD): 'Evac tumog¢ RCD mou kabBopidetal amo tTnv mpwTtoyevr dlamnepatotnta tng
Avcoocwpikng pepBpavne (lysosomal membrane permeabilization, LMP) kat pecoAaBeitat amo TIg
kKaBeiveg, pe TPoALPETIKN cuppeToxn Twv MOMP kal kaoTtacwy.

«EMOtkog Kuttapikog Oavatog mou efaptatat amo tov oxnpatiopo EEwkuttapikng Mayidag
OuvdcetepodpiAwyv (EMO) (Neutrophil Extracellular Trap, NET) (NETotic cell death): Mia eaptwpevn amo
TIC OpaocTtikeg popdeg o&uyovou (reactive oxygen species, ROS) pebodog RCD mou teplopidetal oe KUTTAPA
QALMOTIOLNTLKNG TtPOEAEUONC Kal oxetidetal he Tov oxnuatiopo NETs.

“EviwTtikog” kuttapilkog 6avatog (entotic cell death): Evag tumtog RCD mou mpoEpxetal ano tnv eEapTWHEVN atto
AKTOHUOOolvNn evOOKUTTAPWON KUTTAPOU (Evtwoaon [entosis]) kal Ttpaypatomoleital arnd Avcocwata.

Mnxaviopol kKuttapikouL Bavatou - X. AOApOTIOUAOG 9



Eidn puBputdopyevou KUTTAPLKOL Bavatou

Nekpomtwon (necroptosis): Mia pebodog RCD mou mpokaAesital amo dlatapaxes tng eEWKUTTAPLKAG N
eVOOKUTTAPLKIN G opolootaong mou eéaptatal oe peyalo Babuo amo tn dpdacn tng kKivaong RIPK3 kat tng
Jevdokivaong MLKL kal o€ oploPEVEC TTEPLUITTWOELG ATIO TN Opacn Tng Kivaong RIPK1.

depponttwon (ferroptosis): Mwa popdry RCD 1mou &ekiva amo oEEldWTIKEC dLATaApAXEC TOU eVOOKUTTAPLKOU
ULIKPOTIEPIBAANOVTIOC TIOU €eAgyxetal amo tnv umepoéeldaon tnG yAoutabeiwovng 4 (GPX4, glutathione
peroxidase 4) Katl yropei va avacTaAel aro XxnAlkoug tapayovieg oldrpou Kat Atmodiia aviloéeldwTiKA.

NMuponttwon (Pyroptosis): Evac tutog RCD mou e€aptatal oe peyaio BabBpo aro To oxXnNUATIoOHO TTIOPWYV TNG
TIAQOUATIKNG HEUPBPAVNG ATTO PEAN TNCG OLKOYEVELACG TPWTEIVWY gasdermin, cuxva (aAAA OxL Ttavta) wg
OUVETIELA TN evEpPYOTIOinOoNG TNG PAsypovwdoug KaoTtaonc.

NMapOavartog (Parthanatos, Poly(ADP-ribose) (PAR) polymer + thanatos): Me6odoc RCD tmou &ekiva amo
TNV uttepevepyomoinon touv evlupou PARP1 (poly[ADP-ribosyl] transferase 1) kat pecoAaBeitat ano tnv
emtakoAouBOn Ploevepyelakn kataotpodry culeuypevn HeE TNV efaptwpevn amo Toug mapayovtieg AlF
(Apoptosis-Inducing Factor) kat MIF (Macrophage Migration Inhibitory Factor) amoikodopnon DNA.

Mnxaviopol kKuttapikouL Bavatou - X. AOApOTIOUAOG 10



Baowkot pnxaviopoi puBputlopevou KUTTApPLKoL Bavatou
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MopdoAoylka xapaktnplotika lNpoypappatiopevou Kuttapltkovu @avatou
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[TpoypAUUATIOHEVOC KUTTAPLKOC Bavatog
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[TpoypAUUATIOHEVOC KUTTAPLKOC Bavatog
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[TpoypAUUATIOHEVOC KUTTAPLKOC Bavatog

Observation Lysosomal NETosis Parthanatos Erebosis
of cell death cell death
“Apoptosis”is .
defined Paraptosis Methuosis Autosis
Alfffi.E{ 1999 2000 2001 2004 2005 2007 2008 2009 2012 2013 2018 2019 2022
Programmed Mitoptosis Pyroptosis Entosis Alkaliptosis
cell death Oxeiptosis
Necroptosis
Autophagic Immunogenic
cell death cell death Ferroptosis Cuproptosis
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ETtiloKOTINON ATTOTITWONG TTUPPOTITWONE KAL VEKPOTITWONG
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Emtiiokomtnon amomtwong

EEwyeveg povomart:
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a. Apoptosis

1. Emaywyn ano vmodoxeic 6avatou
2. Evepyotoinon tng evapkinplag kacmaong-8

Evdoyeveg ) pttoxovdplako n puOulopPevo amo tnv

Bcl-2 yovonart:
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1. Emaywyn aro diadpopa epebiocpata otpeg

2. Awamtepatotnta tng EWTEPLKNC PLTOXOVOPLAKNG
uepBpavng (mitochondrial outer-membrane
permeabilization, MOPM)

3. AmeAsubEPWON KUTOXPWHATOG C

4. 2ZXNUATIOHOC ATIOTMTTWOWHATOG

5. Evepyomoinon tng evapKkinplag kKacmaong-9

3./6...kaL ta V0 PJovoTtatia CUYKAIvouV oTnv
TP WTEOAUTLKI EVEPYOTIOLNCT TWV KACTIACWV
teAsotwy -3 KaL -7
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ETtiilokOTtnOoN TtupOTITWOoNG

1. Evepyomoinon Adyw avayvwplong amo 1o
$dAeypovoowpa (inflammasome) poplakwy potifwy Tou
oxetidovtal eite pye BAABN (damage-associated molecular
patterns, DAMPs) eite pe maBoyova (pathogen-associated
molecular patterns, PAMPSs)

2. Evepyomoinon kaomaong-1

3. Hkaomaon-1 koBeLtnv gasdermin D (GSDMD) kat to
ATIOKOUHEVO N-TEAIKO AKPO TNEG CLUVAPHOAOYEITAL WG TTOPOL
oTnV MAAoHATIKA pepBpavn

4. AmwAegla TNG HEUPBPAVIKNG aKEPALOTNTAG

5. Kuvuttapikn Avuon

EvaAlaktika n GSDMD koBetal aro tnv EvEPYOTIOLOUHEVN ATIO

AtortoAvucakxapiteg (lipopolysaccharide, LPS) kaomtaon-11 oto
TIOVTIKL I -4 Kal -5 oTtov avBpwTto

Mnxaviopol kuttaptkou Bavatou - X. AdapottouAog

b. Pyroptosis
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ETtloKOTIN
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ON VEKPOTITWONG

Evepyottoinon twyv utodoxewv TNFR1

(TNF receptor 1) kat TLR (Toll-like receptor)

Evepyottoinon Twv Kivaowyv oepivne-
Bpeovivne RIPK1 kat RIPK3 (receptor-
Interacting serine-threonine kinases -1/-3)
H kwvaon RIPK3 dwodopuAlwvel tnv
Pevdokivaon MLKL (mixed-lineage kinase
domain-like)

. 2TEPEODIANOPPWTLIKEC TPOTIOTIOLNOELG TNG

MLKL

Metatorion kat elcdoxn tng MLKL otnv
KUTTAPLKN HEPBpPAvN

Emaywyn pepBpavikng dtappnéng (miBava
AOYW oXNHATIOHOL TIOPWV)
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MopLakol pnNxaviopol aromTtwonG

Death ligands
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‘Eat me'
signals

apoptotic bodies

20


https://www.sciencedirect.com/science/article/pii/S002228362100615X?via%3Dihub

MopLakol pnNxaviopol aromTtwonG
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and formation of
apoptotic bodies

DISC: death-inducing
signaling complex
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Evdoyevncg kat eEwyeEVHC AroTtwon

Intrinsic Pathway

Extrinsic (death reoepltor-mediated) pathway
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E€wyevng
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2UVOETEC:
TNF; FasL; TRAIL

Ymodoxeic 6avatou:
TNFR1; Fas; TRAIL
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MopLakolL pNXaviopol TTUPOTITWONG
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a. RIPK1/RIPK3-mediated

..............

If RIPK1 is !
ubiquitinated

If RIPK1 is NOT

absent

ubiquitinated or RIPK3 is;

...........................

If RIPK1 is NOT
ubiquitinated and
caspase-8 is inhibited

TRADD

| b.RIPK3-mediated |

APOPTOSIS
MLKL-mediated
O membrane m—
permeabilization

+ K* efflux and Na* influx

* H.0 influx and cell swelling

* Disruption of membrane potential
* Cell lysis

Na*
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viralZ-RNA ™ @ | | | QL) | @ M1 ubiquitination
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Complex IIb Complexlla
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TNF-a

Cell growth
FAS' DNA damage Cell hypoxia thctofr;rdcﬁcicncy

I | |

Bax/Bak’

MOMP

FADD-—P- CYTC DlABLO HTRA2 AIF ENDOG —

"Cas-8 RIPK (ACTIVE)

Apafl ’\{ \
dATP
Two classical signaling pathways v ; IAPs %

for apoptosis: the exogenous

. Cas-9

apoptotic signaling pathwayand Ty v Cytoskeleton
. Pro-Cas-3

the endogenous apoptotic

signaling pathway Cas-3 \
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GNB(Gram-Negtivebacteria) PAMPs&DAMPs Toxin-Induced Modification of Rho  dsDNA
GTPases

' i PYRIN

The signal pathway of cell LED
pyroptosis: the cas-1 -
independent of pyroptosis | | |
and the cas-1 dependent of
pyroptosis.
Cas-4/5/11 Active Cas-1

Cm—— Rclcasc U e— (O —

GSDMD-N GSDMD!‘ | IL-18__ Pro-IL-1

] Pyroptosis lE
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ALOOCWULKOC KUTTAPLKOC Bavatog

Lysosomotrophic
compounds

Lysosome
W Lipofuscin or glucosylceramide
and glucosylsphingosine
BAX® \ v
N @ embrane e N
// ‘\\ permeabilization J l Congestion ;‘;‘ i 0.°
&— °- O T
Caspase-8, ’\’ & J " ){1 P
Caspase-10 o7
BCL-2, Release of lysosomal
BCL-xL, cathepsins and other
MCL-1 hydrolases
I |
Cell death Cell death
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Attotttwon (1)

NORMAL
CELL

Many cells precisely control the time of their own death

Programmed cell death or apoptosis (from Greek for
’dropping off”)

Condensation
of chromatin

\
'L |
=
@
3
o
N
>
@
o
@
o
»
|

Multiple triggering signals

o lIrreparable DNA damage

Cellular

fragmentation o Entrance of cell into S-phase under abnormal

Apoptotic APOPTOSIS conditions
body
o Lack of growth factors
- Phagocytosis o Death protein signaling pathways

of apoptotic cells
and fragments
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Attotttwon (2)

= Many cells precisely control the time of their own death

" Programmed cell death or apoptosis (from Greek for
>dropping off’’)

= Multiple triggering signhals
o Irreparable DNA damage
o Entrance of cell into S-phase under abnormal conditions
o Lack of growth factors
o Death protein signaling pathways
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Attotttwon (3)

= Characterized by changes in cell membrane,
cytoskeleton & nuclear DNA

= Cytoplasmic proteases —caspases

o All are synthesized as inactive proenzymes
o all have a critical Cys residue at the active site

o all hydrolyze their target proteins on the C-terminal side of
specific Asp residues (hence the name caspase, from Cys and
Asp)
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Attotttwon (4)

* Apoptotic signal (TNF or Fas ligand) often comes from
outside, through surface receptor (TNF-R1, Fas)

* Signal-binding sites on extracellular side & “death domain”

that carries the self-destruct signal through membrane to
cytosolic proteins (TRADD or FADD)

* FADD activates caspase 8 (initiator) > self-activation >
mitochondrial release of cytochrome ¢ & activation of

effector caspases - protein degradation & activation of
DNase > CELL DEATH
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PuBulon tng armomtwong

Pro-apoptotic proteins
p53, c-myc, E2F, Fas, Bax, Bad, Bak, Bcl-Xs

Anti-apoptotic proteins
Bcl-2, Bel-XL, Bel-w, MCL-1, p35

EvdoyeveEg povomatt

Controlled by Bcl-2
concentration in mitochondrial
membrane

Anti-apoptotic - Bcl-2, Bcl-XL

Pro-apoptotic forming pores
- Bax, Bak

Pro-apoptotic enhancing
apoptosis - Bid, Bad
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EEwyeveg povomatt

Binding of FasL, TNF to their respective death Receptor (Fas, TNFR)
Receptor Activation and Oligomerization

DISC Formation and recruitment of adaptor proteins like FADD and
initiator caspases: pro-caspase-8/-10

Activation via cleavage of initiator caspases: (active caspases-8/-10)
Activation of executioner caspases -3/-7

Cell death through proteolysis of cellular substrates

FLICE-inhibitory protein (FLIP) can inhibit caspase-8 activation by
binding to FADD

IAP (Inhibitor of Apoptosis Proteins), such as XIAP, bind and inhibit
directly caspases



The MDM2-p53 auto-regulatory
feedback loop

\

Ubiquitination

Transcription Transcription
Independent Dependent

Mitochondrial role Cell cycle arrest “ AA
in apoptosis * Apoptosis Proteasome
* Maturation of growth * Senescence degradation
suppressive miRNAs * DNA repair
* DNA Repair * Metabolism

* Inhibition of autophagy * Angiogenesis



The MDM2-p53 auto-regulatory
feedback loop

* Under normal conditions, p53 concentration remains
low via MDM2-mediated ubiquitination & proteasomal
degradation

* DNA-damage induces p53 phosphorylation and
stabilization

* Oncogenes such as c-Myc can activate p53 through
P14ARF-MDM2-p53 pathway

* Arf-mediated mechanism may represent a safety valve
for blocking cell division under unfavourable
conditions even though the cell has triggered the
process of division

* Increased p53 activity leads to cell cycle arrest or
apoptosis



Targeting apoptosis in cancer therapy

DR4 agonists DR5 agonists
ABBV-621 TRAIL ABBV-621
Mapatumumab bt Conatumumab
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