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TunblI knemo4YHou cmepmu

« ‘Accidental cell death’ (ACD) — «cmMepTb OT HECHACTHOrO Cryyas»
(XuMmnyeckue, pusnveckme nnn MexaHn4eckne noBpexaeHuns)

* 'Regulated cell death’ (RCD) — perynupyemas knetoyHas CMepTh,

MHNUUUNPYETCA reHETUHECKUM arrnaparomMm KNneTkn, n, cregoBaTtesyibHO, MOXET

ObITb MOANdULMpPOBaHa hapMaKoNorm4yeCcKUM UM reHeTUYeCKNm

Bo3aeunuctBunem. ‘Programmed cell death’ (PCD) peanuayetca kak 4acTb

nporpaMmmbl pasBUTUS UNW AN NoAAepXKaHuUsi roMeocTasa TKaHew.

CELL DEATH
SUBTYPES

\ CELL DEATH

A

REGULATED
CELL DEATH

p— \

[ PROGRAMMED
| CELL DEATH
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CnocoObl nporpamMmmMmmpyemMmon rubesrim KrneTok:
Knaccudukauuss HomeHknamvpHo2o Komumema (2012)

Table 1 Functional classification of regulated cell death modes

Caspase
Main biochemical features dependence Examples of inhibitory interventions®
Anoikis Downregulation of EGFR ++ BCL-2 overexpression
Inhibition of ERK1 signaling Z-VAD-fmk administration
Lack of 1-integrin engagement
Overexpression of BIM
Caspase-3 (-6,-7) activation
Autophagic cell death MAP1LCS3 lipidation —— VPS34 inhibitors
SQSTM1 degradation AMBRA1, ATG5, ATG7, ATG12
or BCN1 genetic inhibition
Caspase-dependent MOMP ++ BCL-2 overexpression
intrinsic apoptosis Irreversible Ay, dissipation Z-VAD-fmk administration
Caspase-independent Release of IMS proteins —— BCL-2 overexpression
intrinsic apoptosis Respiratory chain inhibition
Cornification Activation of transglutaminases + Genetic inhibition of TG1, TG3 or TG5
Caspase-14 activation Genetic inhibition of caspase-14
Entosis RHO activation —— Genetic inhibition of metallothionein 2A
ROCK?1 activation Lysosomal inhibitors
Extrinsic apoptosis by death  Death receptor signaling ++ CrmA expression
receptors Caspase-8 (-10) activation Genetic inhibition of caspases (8 and 3)
BID cleavage and MOMP (in type Il cells) Z-VAD-fmk administration
Caspase-3 (-6,-7) activation
Extrinsic apoptosis by Dependence receptor signaling ++ Genetic inhibition of caspases (9 and 3)
dependence receptors PP2A activation Genetic inhibition of PP2A
DAPK1 activation Z-VAD-fmk administration
Caspase-9 activation
Caspase-3 (-6,-7) activation
Mitotic catastrophe Caspase-2 activation (in some instances) —— Genetic inhibition of TP53 (in some instances)
TP53 or TP73 activation (in some instances) Pharmacological or genetic inhibition of
Mitotic arrest caspase-2 (in some instances)
Necroptosis Death receptor signaling —— Administration of necrostatin(s)
Caspase inhibition Genetic inhibition of RIP1/RIP3
RIP1 and/or RIP3 activation
Netosis Caspase inhibition —— Autophagy inhibition
NADPH oxidase activation NADPH oxidase inhibition
NET release (in some instances) Genetic inhibition of PAD4
Parthanatos PARP1-mediated PAR accumulation — Genetic inhibition of AIF
Irreversible Ay, dissipation Pharmacological or genetic
ATP and NADH depletion inhibition of PARP1
PAR binding to AIF and AIF nuclear
translocation
Pyroptosis Caspase-1 activation ++ Administration of Z-YVAD-fmk

Nomenclature Committee on Cell Death 2012. Cell Death and Differentiation (2012) 19, 107—120
Nomenclature Committee on Cell Death 2018. Cell Death and Differentiation (2018) 25, 486-541

Caspase-7 activation
Secretion of IL-1p and IL-18

Genetic inhibition of caspase-1



[ns1 Heonnacmu4ecKux KJ1emokK xapakmepHo
rmnoodaesieHuUe 6onbWUHCcCMEBa
murnoe rpoz2pamMmmMmupyemoul 2ubesniu Kremok:

1. AnonTo3

2. MwuTtoTnyeckasn kartactpoda

3. Aytodcparus

4. HekponTo3

5. QHTO3



AnonTto3

AnonTos - BaXKHeuwWwumn Pusnonorn4ecKMm MmexaHm3m
3NIMMUHaLUM U3 OpraHu3mMa HexenaTesibHbIX KNeToK

AnonTto3 xapaktepusyeTrcs «6ned6ouHrom» nrnasmaTtm4ecKkom MemopaHbl,
KOHAeHcauuen sigpa, pacwenneHuem OHK n papa 6enkoB (Kerr et al, 1972)
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AnonTos - BaXKHeuwWwumn Pusnonorn4ecKMm MmexaHm3m
3NIMMUHaLUM U3 OpraHu3mMa HexenaTesibHbIX KNeToK

AnonTto3 xapaktepusyeTrcs «6ned6ouHrom» nrnasmaTtm4ecKkom MemopaHbl,
KOHAeHcauuen sigpa, pacwenneHuem OHK n papa 6enkoB (Kerr et al, 1972)

Mormnbarowme KneTku
aarT curHanbl «Haluodu meHs»
(nu3odpocaTnannxonuH n ap.)
n «Cbewb MeHs1» (ONCOHUHbI,
CBsi3aHHble C pocdaTManncepruHoOMm)
M nornowaroTcs makpodaramm

AnonTtos3




CylleCTBEHHbIE OTNIMYUA anonTo3a OT HEKPO3a:

a) cogepXxnumoe normoLueun KrneTkm He BbIXOOUT B
MEXKeTO4YHOe NPOCTPAHCTBO; anonTOTUYEeCKUE KINeTKU, B
OTIINYME OT HEKPOTUYECKUX, HEe BbINYCKAKT «arlapMUHbI»
(SAP130 u gp.), npuBneKarowme HeuTpopunol >
Hem eocnaJsieHus

0) nporpamma, Tpeobyrowan 3aTtpaTbl IHEPrum u
3Kcnpeccum onpeaesieHHbIX reHOB



A1IONTOo3 - BAXKHEHIITUHU (PU3HNOJTOTHIECKUN MEXaHU3M
TMMHUHANMUA U3 OPraHU3MA HEKEJIATEIbHbIX KJIETOK

AnonTto3 xapakrtepusyetca «651e606MHrom» nyasmMmaTtn4yecKkou

MeMOpaHbl, KOHAeHcauuen agpa, pacwenneHmem AHK u
pana 6enkoB (Kerr et al, 1972)

Hopma Anonmos3

NopaBneHue anonto3a B KAKOU-NTMOO U3 KNeTOK:

a) yBeJinBaeT BEPOATHOCTDb 06pasoBava n3 Hee HeonmnacTtmn4yeckoro
KIMOHa,

6) NMOHUXaeT ee YyBCTBUTEJIbHOCTb K UISMEHEHUAM MUKPOOKPYXEeHUA
N ULUTOTOKCNYECKOMY AEeUCTBUIO TepaneBTUYEeCKUX cpeacTts



KnoueByto ponb B peanusauum anonTto3a UrparT Kacrasbl —
CeMeMnCTBO NnpoTeas, AN KOTOPbIX XapaKTepPHOo:

a) CUHTEe3 B BUae HeakTUBHbIX npeagwecrBeHHUKOB, T.H. MPpOoKacnas,
KOTOPbIe aKTUBUPYHOTCHA Nocrie camopacuenineHna MHOrokomro-
HEeHTHbIX KOMMNJIeKCOB, B COCTaB KOTOPbIX OHU BXOAOAT,

0) pacwenneHne nonMNenTUAHON Lenn nocne ocTtaTkoB
acnaparmHOBOW KUCTOTbI;

B) npucytcreme ULUCTENHOBOIO OCTaTKa B aKTUBHOM LIeHTpe
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«MHCTPYKTUBHbLINY» (extrinsic) anonTo3 Bbi3biBaeTCA
akTuBauuem «peuentopoB cmepTu» (Death receptors)
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[1Be OCHOBHbIE cTpaTeruum

MHOVKLWW anonro3a

MutoxoHApuanbHbIW anonTo3
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Intrinsic (mitochondrial) apoptosis
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MexaHu3Mbl ocriabneHus UMHOYKLUUU anornTo3a
B ONyXoJrieBbIX KIleTKaxX.

°* HEYYBCTBUTESIbLHOCTb K anontoreHHomMy aencreuto Fas-L
(nomeps akcnpeccuu unu Mymauyuu peuennmopa cmepmu Fas,
aunepakcrnipeccusi peuenmopa-nosywku DCR3);

* noTtepsa peuentopa HeTpuHa-1 DCC

° HapyLweHUs NpoBeAeHNUsA CUrHasria K MUTOXOHOPUAM
(uHakmueauyus onyxoJsieabix cynpeccopos p53, PTEN u dp.);

° nogaBrieHne BbIOpoca U3 mutoxoHapum umtoxpoma C
(yeesnnudyeHue 3Kkcrnpeccuu oHKo2eHo8 cemelicmea Bcl2 u 0p.);

° NogaBfieHMe aKkTuBaLMmM Kacnas
(momepsi akcnpeccuu 6enka APAF-1, uHakmueauyusi p53 u 0p.);

°* YMeHblLUeHUe BPpeMeHMU XXU3HU Kacnas
(cesizbieaHue kacna3 ¢ 6enkamu IAP (Inhibitors of Apoptosis),
3KCrpeccusi Komophbix rMNoebiwaemcsi ecsiedcmeue akmusayuu
npomooHkKkoz2eHoe8 Ras, Akt/PKB unu uHakmueauyuu ornyxosieebix
cynpeccopoe p53, PTEN u adp.)




OHKO2eHbI U onyxoJieeble Cyrnpeccopbi pe2ysiupyrom:

a) NPOHNLAEeMOCTb MUTOXOHAPUaNbHOU MeMOpaHbI
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OHKO2eHbI U onyxoJieeble Cyrnpeccopbl pe2ysiupyrom:

a) NPOHNLAEeMOCTb MUTOXOHAPUArIbHON MeMOpaHbI

YneHbl cemeucmea Bcl2

[po-anonToreHHble Bcl-2

a) ceM. BH3 (uHUUuamopsi) Bim —{ Bcl-X; — Bad
Bad, tBid, s ol ot o5 ab of of o low

Puma | I BHI3 I 1 | Puma !CI w

ik, Bi tBid —

Bmf, Noxa, | - Mcl-1

Hrk (Harakiri) ligand — Noxa

domain

AHTN-aNoONTOreHHbIe
cem. Bel2 (3awyumHuku)

Bcl2,

Bcl-X , al @2 a3 o4 a5 b a7
Bcl-W - i in

Mcl1, A1, | BH4, BH3 BH1 BH2__ TM |
Bcl- L 1

receptor domain

Mpo-anonToreHHble

Bax, al a2 a3 a4 o5 aboa7a8 a9
Bak, 1 —1m i 1 inMmr 1
Bok [ BH3 BH1 BH2_ TM _|

Czabotar et al

A1
L |
Bax
\

Y

BbIXO4 U3 MUTOXOHAPUN
uutoxpoma C n ap.

\/

., Nat Rev Mol Cell Biol. 2014, 15(1): 49-63




OHKO2eHbI U onyxoJieeble Cyrnpeccopbl pe2ysiupyrom:

a) NPOHNLAEMOCTb MUTOXOHAPUArIbHOU MeMOpaHbI

YneHbl cemeucmea Bcl2
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[nsi pss0a Hoeoobpa3oeaHUll YyesiogeKka xapaKmepHbl
U3MEeHeHUs1 2eHoe cemeucmea Bcl2
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Paa OHKOreHOB U OMyXxoneBbIX CyNpeccopoB perynupyet
aKkcnpeccuto benkos cemencTea Bcl2
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MexaHu3Mbl ocriabneHus UMHOYKLUUU anornTo3a
B ONyXoJrieBbIX KIleTKaxX.

°* HeYYBCTBUTEJIbHOCTb K anonToreHHoMy aencteuio Fas-L
(nomeps akcnpeccuu unu Mymayuu peuenmopa cmepmu Fas,
aunepakcripeccusi peuenmopa-sosyuwku DcR3);

° HapyLUeHNs NpoBeaeHUA CUrHana K MUTOXOHAPUAM
(uHakmueauyus onyxorseebix cynpeccopos p53, PTEN u dp.);

° nogasrieHMe BbIOpoca 3 MutoxoHapum uutoxpoma C
(yeenu4yeHue aKcripeccuu oHKo2eHo8 cemelicmea Bcl2 u dp.);

* NoAaaBrieHMe akTuBaLuumn Kacnas
(unakmueauyusi APAF-1, mymauyuu Ras, PI3K, PTEN, p53 u dp.);

° YMEHbLUEeHNe BPeMEeHMU XXU3HU Kacna3s
(cesisbieaHue kacna3 ¢ 6enkamu IAP (Inhibitors of Apoptosis),
3KCripeccusi KomopbIX rnoebiwaemcsi ecsieocmeue aKkmuesayuu
npomooHko2eHo8 Ras, Akt/PKB unu uHakmueauyuu onyxosieebIX
cynpeccopoe p53, PTEN u dp.)




OHKoO2eHbI U onyxoJieebie Cyrnpeccopbl pe2ynupyrom:
a) NPOHNLLAEMOCTb MUTOXOHAPMAaNbHON MeMbpaHbl

0) akTUBHOCTb Kacna3 (oHkoreHbl HER2, Ras, Raf, PI3K, Akt, NFkB,
onyxonesBble cynpeccopbl PTEN, p53 v ap.)
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XapakTtepHble AN HOBOOOpa3oBaHMN YerioBeKa U3MeHeHUs
reHoB, NPOAYKTbl KOTOPbIX PErynmpyroT anonTtos

Mymayuu/uHakmueayusi p53 - MHOrune HOBooﬁpasoBaHMﬂ
Mymauuu/akmueauusi Ras - MHorne HoBooGpa3oBaHuA
Mymauyuu/unakmueayuss PTEN - MHorme Hosoobpa3soBaHus
l'unepakcnpeccusi cypeueuHa - MHorne HoBooGpa3oBaHuA

t(14;18) — IgH/ Bcl2 — e
_)(eune&,akcngeccuﬂ Bel2 B-kneTto4yHble numcombli
Mymauyuu/uHakmueayusi Bax - PaKk ToncToun KMWkKu, npocraThbl
MemunupoeaHue Apaf1 - Pak TONCTON KULLKWK
Mymauuu/unakmueayusi Fas - lumdrombl, pak sinvka, Meskokre-

TOYHbIN pakK ferkoro

Amnnugukayusi 2eHa DCR3 - Pak xxenypaka, TONCTon KULWKU, NeYEeHU



Caspase 3—mediated stimulation of tumor cell repopulation
during cancer radiotherapy

Dying tumor cells can use the apoptotic process to generate potent growth-stimulating signals to stimulate the repopulation of tumors
undergoing radiotherapy. Activated caspase 3, a key executioner in apoptosis, is involved in the growth stimulation.

Caspase 3 regulates prostaglandin E2 (PGE2), which can potently stimulate growth of surviving tumor cells.

Deficiency of caspase 3 either in tumor cells or in tumor stroma caused substantial tumor sensitivity to radiotherapy.

In human tumors higher amounts of activated caspase 3 correlate with markedly increased rate of recurrence and death.
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MuTtoTnyeckaa Kkatactpoda - CMepPTb KJ1IeTKN BO BpeMsAa MUTO3a
nnn Bcrnieacrteue ero HenpaBuJibHOIro 3aBepLieHuns




Mopgbosiocuyeckue npusHaku Mumomu4yeckou kamacmpohbli

(d)

(e) (f)

KrneTkn xpoHuyeckoro
MUernongHoro nemkKosa
yenoBeka K562

(a) HopmanbHas nHTepdasa
(b) M'vraHTCKMe MHorosiAepHble
KNeTKn nocrne paspyLleHus
MUKPOTPYy6oUeEK

(c) NnTepdrasa c apyms
ueHTpocomamu u (d) HopmanbHas
cerperaumsa XxpoMocom B aHaghase.

(e) Knetka, y koTopown 6onbLue 2
LEHTPOCOM,

(f) obpasyeT MHorononspHoe
BEpPETEHO AeNneHus!, YTo BedeT K
aHeynnongun B peaynberarte
OTMEHbI MUTOTUYECKON
KaTacTpodbl.

Mc Gee MM. Mediators Inflamm. 2015;2015:146282



MexaHu3mbl UHOYKUUU Mumomu4eckol kKamacmpogbl

(a)

DNA damage

(b)

(UV, cisplatin, and doxorubicin)

!

G2 checkpoint

g

G2/M arrest

b
DNA damage
repair
or
cell death

(d)

!

No G2 checkpoint
(Chkl inhibitors)

|

Mitotic entry
in presence of
DNA damage

Mitotic defects
(antimitotic agents)

l

SAC ON
No anaphase onsel

Mitotic catastrophe

Multipolar mitosis

||

No slippage

!

Death in M phase

Slippage

v

Death in G1

Cytokinesis failure

l

SAC OFF

After anaphase

l

Tetraploidy

VAR

Death in G1

SAC - spindle
assembly
checkpoint

Mc Gee MM. Mediators Inflamm. 2015:146282



'MOenb KNeTKU Npn MUTOTUYECKOM KaTacTpode, Kak npaBuno,
npoucxoaunT anonmo3-nodo6HLIM Nymem

Tubulin Cyctochrom C AIF Caspase 3a TUNEL
Hoechst 33342 Hoechst 33342 Hoechst 33342 Hoechst 33342 Hoechst 33342

HopmanbHas
meTad)a3a

MuTtoTuyeckas
Katactpodha

MpexaeBpeMeHHbIN BXo4 B MUTO3
/N HeBO3MOXHOCTb €ro 3aBepLUeHUS

e ~

Kacna3a-zaBuCcumMbiun Kacna3a-He3aBUCUMbIUN
anonTtos3 anonTtos3



OTnuuua Hekposa OT anonTosa

Apoptosis Necrosis

Provoking stimuli

programmed tissue remodeling metabolic stresses
maintenance of cell pool size absence of nutrients
genomic damage changes in pH,

temperature
metabolic derangement hypoxia, anoxia
hypoxia

imbalances in signaling pathways
Morphological changes

Cell volume decreased increased

Chromatin condensed fragmented

Lysosomes unaffected abnormal

Mitochondria morphologically normal initially morphologically
aberrant

Inflammatory none marked

response
Cell fate apoptotic bodies consumed by lysis

neighboring cells
Molecular changes

Gene activity required for program not needed
Chromosomal DNA cleaved at specific sites random cleavage
Intracellular calcium  increased unaffected

lon pumps continue to function lost

Adapted from R.J.B. King, Cancer Biology, 2nd ed. Harlow, UK: Pearson Education, 2000.



Hekpornmo3 — npo2paMmupyemMbiu HEKPO3

[lepeknioyeHns amnomnmo3s =HeKpornmos3s

Anonmoe2eHHble ‘

cmumyiibi —
(TRAIL, TNFa u dp.)

- AT® />1tun- \+ ATO

nupysBaTt
ﬁ

-

- Y uepamua

HekponTo3 AnonTo3




Knroyeeyro posib 8 UHOYKUUU HeKponmo3a uzparom 6enku RIP1 u RIP3
(Receptor Interaction Proteinkinase 1, 3)

Formation of necrosome.
After binding to TNF-a, the intracellular

001011 A ATt AL T AL domain of TNFR1 summons TNF
00 0000 00000000000000000008000 receptor-associated death domain (TRADD),
1 receptor-associated death protein1 (RIP1),

i and Fas-associated death domain (FADD).
' Meanwhile, several E3 ligases, such as TNF
R receptor associated factor 2/5 (TRAF2/5),
inhibitor of apoptosis proteins (IAPs) clAP1
and clAP2 are also recruited to TNFR1. Those
proteins mentioned above form “complex I”.
When RIP1 is ubiquitilatized in complex I, it
has the ability to activate of the | B kinase
(IKK) complex and NF- B essential modulator
(NEMO), leading to the activation of
pro-survival NF- kB pathway in consequence.
When RIP1 is deubiquitilitized by
cylindromatosis (CYLD), it is released to the
cytoplasm, and forms complex Il with TRADD,
FADD, RIP3 and caspase-8. While caspase-8
is activated, it would cleave RIP3 and induce
apoptosis through caspase cascade.
However, when caspase-8 is blocked,
phosphorylated RIP1 and RIP3 form
u 3 necrosome and initiate necroptosis.

Apoptosis Necroptosis [Mpyn OCTPOM MMENOMOHOM JIENKO3Ee MHIMBUpyeTcs
akcnpeccus RIP3, Ho He RIP1 (Haykumnsa HekponTosa
W. Wu et al. Critical Reviews in Oncology/Hematology (2011) OTMEHSIETCS, CNOCOOHOCTb K BEPKMBAHUIO OCTAETCH)



MexaHu3m peasiuszayuu HeKpornmosa

TNF-R1 TLR 3 or -4 TCR
W RIPK1 TRIF DA|-<../WUS

RIPK3 -
DNA oligomerisation
damage and activation

2 ¢ Mitochondrial
,‘MLKL - ROS production
. ¢ P
MLKL phosphorylation /’

and oligomerisation ‘ "

Y ;
MLKL plasma membrane
translocation

i, Plasma membrane lysis
"”l i

(peeri :l“uﬂ Y
(0
o o 4 ,f ‘“”" ‘”'muuu( ‘:u
il

‘111141‘

-------

i

ol u“‘“umulil‘

MLKL - nceBookuHasa,
docopunupyetcsa Rip3,
onMromepusyeTcs u
BCTpamMBaeTCs B
nnasmMaTuyeckyto
MembpaHy, paspyLlas ee

Tait et al., J Cell Sci. 2014,127(Pt 10):2135-44



AyTtodharusa — nporpamma nmM3ocomaribHOu gerpagauumm 6enkos
U APYrMX KOMMOHEHTOB KJ1eTKM.

UHaoyuumpyertca ronogaHmem (HegocTaTKOM FMHOKO3bl, (PakToOpoB
pocTa, FOPMOHOB U Ap.), OKUCNNTESIbHLIM CTPECCOM U T.A.

Yoshinori Ohsumi,
Nobel Prize in 2016

o.?e: chiga
mTOR ¢
Y s
AMPK p150 .+ Lysosomal enzymes
NG
— =
FIP200 @

Autophagosome

"\ Autophagosome Autolysosome

| Lysosome

" » - Christian uve
INITIATION ELONGATION CLOSURE MAT! . ) ’
Nobel Prize in 1974

- AyToharocombl — CTpenky;
Kimmelman, Genes & Development, 2011, 25:1999-2010 ayToONM30COMbI — ABONHbIE CTPENKM



AyTtodharus

/

YMepeHHas
(ounweHune KneTkmn)

v

dakTop
BbDKUBaHUSA KIeTKU

~

CunbHasna

V

CmepTb KNeTKu;
BbXKMBaHue opraHusma(?)

" Protein

synthesis /
Cell i

survival

Energy from <—

Mitochondria

N\

B.Levine, Nature, 2007, 446:745-747

Amino
/7~ acids

Fatty
acids

Removal of

har.mful Ce'II
proteins and survival

O / organelles
f "::, ..'.','.
ATl Self- Cell
:_.~.- ,:" : ' ! e
S /cannlballzatlon death

Degradation of o
cytoplasmic \Ad'vatlonof . Cell

material \ Apoptosis death

Control of cell growth




Peaynsuyus aymoghazuu

®akTopb! pocTa HegocTatok
/ P aMVHOKNCIOT,
RTKs—= PI3K—= Akt rMIOKO3bl U APp.

: HULmauma
aytodparum

CuHTe3 Oenka



Atg1,
t 13g17

Beclin1
Vps34

Atg),
Vv [10.12
o |up,
Lamp2
o @/"

AyTodcparus

Peaynsauyus aymodghazuu

Preautophagosomal Phagophore or

Lysosome
structure (PAS)  isolation membrane Autophagosome y Autolysosome

©

Knockout/knockdown  Knockout/knockdown of  Bafilomycin A1 Bafilomycin A1

of ATG genes ATG genes Vinblastine NH,CI, Chloroquine
(nucleation step) (elong ation step) Nocodazole Protease inhibitors
PI3K inhibitors AtgdBC74A (E64d, pepstatin A etc.)

ULK1 dominant negative Atg16L1 dominant negative



Benku cemencrtBa Bcl2 perynupyroT He TONMbLKO
anonTto3, HO u aytodaruio

Beclin-1 @ Beclin-1
A

Imactive Active
Ptdlms3P
W P-Wm?
HeT |
ayTodparum AyTodcparus

CTpecChl |

y

(84D BK BMF HRK BK BNIP3  NOXA )
| B - | | ra J

Activator BH3

( tBID, BIM, PUMA ) ( Beclin-1 )

| 1 Mirocholndria lm
( eax.paksok )  ( vesw )
\ ¥

AnonTo3s AyTodcparus

CurHanbHble MOJIeKYJibl, PperymampyriLive n anonrtos, n aVTO(baI'VII-O:

* mTOR, Akt/PKB, PTEN, Ras
e 0enku ceM. Bcl2

e DAP-KkunHa3bl
e p14Arf/smArf, Mdm2, p53

Maiuri et al.., Nature Reviews in Cell Biology, 2007, v.8, p.741-752




Tumour | -
growth / N

{

i, — | Tumour
‘-—--_‘_‘_"_-_-‘-_-__:____‘_‘__ | suppression
T N /
/7\ B— il
VA —
© Cell survival during nutrient Autophagy © Cell growth control
and oxygen shortage © Mitochondrial quality control
© Cell survival during treatment (prevention of DNA-damaging stress)
with chemotherapy © Physiological autophagic cell death
© Prevention of apoptosis © Chemotherapy and radiation-induced
autophagic cell death
© Endogenous antigen presentation/
tumour immunity
B.Levine, Nature, 2007’ 446:745-747 © Inhibition of blood-vessel formation

Y MbllWen reTepo3UroTHbIN HOKayT reHa Beclin1 (+/-) pe3ko
yBeJIuuMBaeT BEPOATHOCTb pa3BUTUA NUMMGOM, paKa fierkoro u
nevyeHu (onyxosiu eo3HuUkarom y 60% >xueomHubix)

Y yenoBeka retepo3uroTHble aeneuuu reHa Beclin (+/-)
XapakTepHbl Ans paka MOJIOYHOM Xerle3bl, AUYHUKA, NPoCcTaThbl




Normal Tissue

Normal Tissue

Autophagy

Normal Homeostasis

Autgiiagy

~ GEEAREEEEEEOEE

Genomic Instability Inflammation Aneuploidy
o "o oo
w/% 2o/,
L4 /2". /. ,
(e ”e /o Ak
4 Oy -y

l

Early Tumorigenesis

AutgERagy

No Further
Progression

l Autophagy

Advanced Malignancy

Kimmelman, Genes & Development, 2011, 25:1999-2010



B3aumocesi3b pa3HbIx nymeu Kriemo4yHou a2ubersnu

i Starvatio
Apoptosis Autophagy ~ .:m' et

Energy depletion

DNA fragmentation Apoptoseme Autophagolysosome ] ’

Radogna et al., 2015. http://dx.doi.org/10.1016/j.bcp.2014.12.018



IHMO3 — Mpouecc noasioweHusi oOOHoU Kriemku opyaou

HaoOuronaercsi, Koraa y KJIeTOK ¢ MeKKJIETOYHBIMHA KOHTAKTAMHA TEPAIOTCHA
WM 0CJI1A0€BAKOT KOHTAKTHI ¢ 0eJIKAMHM BHEKJIETOYHOI'0 MATPHKCA

(dpokanvnvie kKonmaxmot)

| attached cells |

suspended cells

[MornoweHHaa kneTtka
He normbaeTt n genuTcs

[NornoweHHas kKneTka
normbaeT oT anonTo3a

JInzo3omHasa perpagaumsa
B NMOrnoLweHHON KneTke

25 = ®»50 4 ‘inside lyzosome”
3
o
& 20+ G 40 -
% E
€ 151 = 30 -
@ E
< >
= 10~ 3 20 -
@ - ,
e L) apoptosis
EL th = 10 ~ *
8
0+ R0 lll
SR el R cleaved | encircled
pleural effusions caspase-3|by LAMP1

€-dsSeD pareap e

1e3-d LdAVY

Liver carcinama

Overholtzer et al., Cell, 2007, 131:966-979



IHMO3 UHOyyupyem aHeynsiaououro

@ Death of
|nvad|ng cell

Entosis /
Release of
|nvad|ng cell
Mitotic entry host @

¢ %

Invading cell outside Invading cell in
Diploid host cell cleavage plane cleavage plane Tetraploid host cell

R
n

Cell death or release

——* ofinternalized cell
Normal mitotic progression Aberrant mitotic progressnon
Diploid ﬁrogeny Aneuplmd progeny
2 2N + n chromosomes

Janssen, Medema. Nat Cell Biol. 2011;13(3):199-201



Posnb aHmMo3a 8 KaHUepoceHe3e

Entosis as a tumor accelerator Malignant cells out-

Loser compete benign cells

Winner
[lornowieHu pam bIX KIN€TOK  winners retrieve
TpchcbopM aH nph K b Avipents from losers

Malignant Benign Entosis
cell cell s e o
9HTO3 UH OYLUPYIOT: Mitotic defects facilitate

genomic instabili

- aKTI/IBl/Ig)BaHHbIﬁ oHkoreH K-Ras (4yepes3 Rac1, PI3K/AKT/mt¥I'OR?)
- OMNYXOJ1€ B CY RN TGOS P-Ka,EI,XGDI/IHbI (RhOA, ROCK
3aBUCUMO

o Repeated entosis
BbICOKMM y‘Hb‘aO.WIH reduces clonogenic

- B onyxonax f#AoUHEN BkenesintesipoctaTbl — ¢ NNEKMMaporHo3om
- B ONyXOngax NoaXXenygovHou xenesbl — CO CHUXXEeHHOW 4acToToU

MeTacTa3npoBaHUS

Sun et al., Cell Res. 2014,24(11):1299-310 and 1288-98; Kroemer, Perfettini. Cell Res. 2014;24(11):1280-1



MHTeHCuBHOE U
HeorpaHu4eHHoe
BO BpeMeHU
nerieHue Knertok

7

MocTosiHHas HeuyBCTBUTENBLHOCTD K NMogaBneHue
MHULMaLMS POCT-MHIMOMPYIOLLNM nporpamMmMmpyemoi
MUTOTUYECKNX cUrHanam rméenu KneTok
LUKNOB (npunobpeteHune (anonTo3a, ayTodarmm

\ GeccmepTua u ap.) n ap.)

HecmabunbHocmb 2eHOMa
(Mymauyuu u anu2zeHemuy4yeckue U3MeHeHUsl)



Kypc «buosio2usi onyxosiegou Kriemku»
(2019 1)

H.J1. JlazapeBuu

Nlekumnsa 5

HecTtabunbHOCTb reHoMa HeonacTUYeCcKnxX KrneTok



