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NMepemeweHne CPC no MukpoTpyoboUKam
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b Telophase and cytokinesis
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. P 2 Figure 1. A Model in which Furrow Contrac-
A Furrow Ingression B Cytokinesis Completion ti:n and Localized RhoA GAP Activity Pro-

mote Cleavage Furrow Disassembly during

Completion of Cytokinesis

(A) Furrow ingression: Aurora B (blue circle)
and MgcRacGAP (in a complex with the
MKLP-1 kinesin; red oval) localize to in-
terzonal microtubule bundles that form be-
tween the segregating chromosomes during
late anaphase. Aurora B phosphorylates Mgc
(red asterisk) converting it to a RhoA GAP,

but the distance between the microtubule
bundles and membrane-bound RhoA and the
presence of phosphorylated, active Rho GEF
result in the net activation of RhoA (RhoA-
GTP; dark green). Active RhoA promotes fur-
row assembly and contractility and leads to

A B B the phosphorylation of cofilin, blocking its ac-
Rh o tin filament severing activity.
040 f Furrow (B) Cytokinesis completion: contraction of the
Furrow PG
A cleavage furrow around the compacted mid-
Rho-cor g, body microtubules brings RhoA in close ap-
position to aurora B-activated MgcRacGAP.
interzonal oflin  actomyosin midbody This increase in the local concentration of
microtsbule contractile rin microtubules RhoA GAP activity i ination with inacti
bundles 2 activity in combination with inacti-

vation of the RhoA GEF by dephosphorylation
leads to the net inactivation of RhoA (RhoA-GDP; light green). Inactivation of RhoA results in cofilin dephosphorylation and activation. Cofilin-
mediated severing of actin filaments contributes to cleavage furrow disassembly.
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The abscission checkpoint
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Altered chromosome
morphology from severe
MAD2 depletion.

Shown are normal
metaphase spread from a
lamin-transfected cell (A) .

A MAD2knockdown HaCaT
cell showing premature
sister chromatid separation

with normal condensation

(B).

(C) Metaphase spread from a
MAD2 knockdown

HaCaT cell displaying both
premature sister chromatid
separation and

incompletely condensed
chromosomes
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Cyabb6a mukposaep.

MuKpOSiAPO BOLLIIO B COCTaB OCHOBHOIO siapa

MwuKposgpo octanochb B uuTonnasme

Nature. ; 482(7383): 53-58



ACUHXPOHHOCTb NPOLIECCOB pennnKkauum
B OCHOBHOM siApe u MUKposiape

ACUHXPOHHOE NpoTekaHMe NPOoLEeCCOoB pennuKaLuu:
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. Second cell division .
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Cell senescence and aging

https://www.jci.org/articles/view/95148
https://nrcerm.ru/patient-guide/live-healthy/age-keys/ https://biomolecula.ru/articles/zachem-kletki-stareiut



CyliecTBYyeT HECKONIbKO MeXaHU3MOB
cTapeHus KneTokK



Replicative senescence Physiological senescence
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(ageing) * Embryonic development

* Wound healing

* Tissue remodelling
* Tumour protection
* Brain homeostasis

Stress-induced
premature senescence

Drug-induced senescence
(chemical-induced SIPS)

* Activation of oncogenes
* Inhibition of tumour suppressor genes

* DNA damage

* ROS

* Metabolic stress

* Epigenetic stress

* Spindle stress

* Nucleolar stress

* Brain disorders, liver, muscle and
cardiovascular diseases

e CDK inhibitors

* HAT/HDAC inhibitors
* PKC activators

* Genotoxic drugs



Kneto4yHoe cTapeHue

/ \ \ cTpecc-uHAyLUUpOBaHHOEe

npexagespemMeHHoOe KJfieTo4yHoe

PennukaTuBHoOe cTapeHue (stress-induced
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OHKOreH-mHAYyLUUPOBaHHbLIM
KNMEeTOYHbIM CTapeHuem
(oncogene-induced senescence,

@D . i g @ s Rb(g"“? Me (Canct e
= 5 - S — heterochromatin)
— AR, — — —> R — K9
s . } '«51 T 53 i
- Double strand breaks Atr Qurer '‘Unresolved' P PML E2F —w
Raf (DSB) DSB? bodies

MEK DDR ('SASP

Pro-inflammatory cytokines
and other secretable factors

i
P15
- pi16

SAHF

o

Prototypic oncogene-induced senescence (OIS) by Ras/Raf/Mek. Activated Ras/Raf/Mek oncogenes
damage DNA, thereby triggering cellular DNA damage response (DDR) signaling involving ATM/ATR
kinases and various components of the double strand break (DSB) repair machinery. Signals from
unresolved DSB are relayed to the tumor suppressor p53, PML and pRB, which eventually promote
a dynamic process of local, senescence-associated heterochromatin foci (SAHF) formation with the
help of histone methyltransferases (such as Suv39h1) in the vicinity of E2F-responsive target
genes, thereby transcriptionally silencing E2F-dependent S-phase genes. Moreover, persistent DSB
may also trigger a second senescence-associated response, the massive production of largely
pro-inflammatory cytokines and other secretable factors (termed “senescence-associated secretory
phenotype [SASP]”), considered to reinforce the senescent arrest. Notably, the Myc oncogene is
also known to evoke reactive oxygen species (ROS) and DNA replication stress like Ras/Raf-type
oncogenes, and, a small fraction of Myc-activated cells directly enter senescence in a
cell-autonomous fashion.



CTpecc-mHaAyunpoBaHHOe npexaeBpeMeHHoe
KneTto4yHoe ctapeHue (stress-induced
premature senescence, SIPS).
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deHoTUnM CTaperLnX KneTokK:

YBenuyeHne pasmepos

YBenu4yeHne pasmepa
sapa/MHOrossiAepHoOCTb

YBenu4yeHne pasmepa annapara
[onboxu

Bakyonusauna umtonnasmsel (CTpecc
AlP)

Senescent cells

Buomapkepb! KIemo4yHo20 cmapeHuUs.

1. AccoummpoBaHHasa C KNneToYHbIM
cTapeHuneMm [B-ranakro3ngasa
(senescence-associated
beta-galactosidase, SA-B-Gal).

2. benok HMGB1 (high-mobility group
protein B1).

3. docdopunupoBaHHbIM TMCTOH YH2AX.
4. AccoummpoBaHHbIe C KNEeTOYHbIM
CTapeHUeM retepoxpomMaTHOBbIE DOKYChI
(SAHF).

5. bernok npomuenoumnTapHoro fnenkosa
(PML).
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(A) Human fibroblasts, NanoOrange staining (B) Histograms, NO
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(A) Mouse liver, young (B) Mouse liver, old

Protein Protein
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A 3TO renatounTbl MOMOAbIX U CTapbIX MbILWEK. YBENMYEHNE coaepKaHUS
benka He Tak BblpaxeHo. OgHako BMOHO HakonneHne benka B sape
renarouuTa.




AccounnpoBaHHble C KNeTOYHbIM
CTapeHneM retepoxpomMaTmHoBbie POKYCblI
(SAHF).
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Oncogenic Expression

(H-RAS V12, N-RAS, BRAF)
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hyper-replication/ATR checkpoint
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AccounnpoBaHHbIU C KNEeTOYHbIM CTapeHuem
ceKkpeTopHbIN peHOTUN (Senescence associated
secretory phenotype, SASP)
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CTtapeHue - 3TO AUHAMUYHbIN
MHOroCTyrneH4aTbIn npouecc

Senescence initiation

Senescence-inducing signals,
e.g., oncogene activation, DNA damage

Early senescence

Progressive chromatin remodeling,
implementation of senescence program
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Cell cycle exit

BbiCcTpoe cTapeHue

Late senescence

Triggered by aging or long-term,
unscheduled damage

l
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Chronic inflammation (“inflammaging”),
diversification of senescent phenotype

XpoHuyeckoe ctapeHue
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