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Abstract

Accelerated senescence of cancer stem cells (CSCs) represents an adaptive response allow
ing withstand cell death. TP53, the pivotal tumor suppressor plays an important role in this
process by inducing a prolonged dual state with senescence and self-renewal as potential
outcomes. Molecularly, this is achieved by activating both OCT4A (POU5F1) and p21CIP1.
OCTA4A suppresses the excessive activity of p21 preventing the immediate precipitation of
S™M ™o~ el ™ >1eZ>—"'—Sel®Z—72@EZ—EZil +1™Z>e’ee®@1Scel:
generated through autophagy, itself sequestrating p16INK4A in the cytoplasm. As such,
S7¢"™M 'S ELIES™MSE e¢1l'ele'Z1<"4eZ—ZE"1 010 ZZ1 [Y,eZ™Z—
as well terminal senescence will follow if DNA damage is not ultimately repaired. In TP53
—7eS—e@le'Z1 ,e"7Z10eSeZ1l'®1l<"eZelctleerZemeZelEZeeel
These cells acquire additional DNA repair capacity through mitotic slippage and entrance
to a sequence of ploidy cycles, allowing repair and sorting DNA damage, ultimately facili -
eS¢’ —ele'Z1eZ—7@ 17 e1l—"2"0'ESeeC1lE —™ZeZ—e1eS7e'¢7>51EZ"
"1 ¢S’ —031S7e"™'Se¢1'®@1>287' 371 1771 @1 ™>"EZeEil
arcane processes anticipates the provision of anti-cancer drug targets, such as AURORA

1" —S®Z1S—+1 2>Y'Y'—081 "E'1Z—0eZ>Z1-"+"+' El®rs ™M™MSe71S—
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1. Introduction

In 2001 Roninson and colleagues 1] published the now seminal article entitled “If not apoptosis,
then what? Treatment-induced senescence and mitotic catastrophe in tumor cells”. After decades

ImECH i 7KH $XWKRU V  /LFHQVHH ,Q7HFK 7KLV FKDSWHU LV GLVWULEXWHG XQGH!
S$WWULEXWLRQ /LFHQVH KWWS FUHDWLYHFRPPRQV RUJ OLFHQVHV E\ ZKLF
open science | open minds GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP COEE'KH RULJILQD
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Te17YZ> ‘Ze—"—e1SA4Z—e¢'"—1e¢" S»>elS™M " Me"'el —ZzE*'"—1Sa
('>0'1¢7181—7 1 Zee1l’—1ES—EZ>1>2@ZS>E"'il ‘Z¢1 >"«ZA1 —
(27—1>2™7507¢1¢"1'SYZ71°4¢721751—"12Z ZE+1"—1E+"—"e72—"C
radiation in several tumor cell lines. A decrease in apoptosis is compensated in such cell lines by
an increase in the fractions of cells that undergo permanent growth arrest with phenotypic fea -
tures of cell senescence. The senescent phenotype distinguishes tumor cells that survived drui
exposure but lost the ability to form colonies from those that recover and proliferate after treat -
ment. Although senescent cells do not proliferate, they are metabolically active and may produce
secreted proteins with potential tumor-promoting activities.”

Since that article, the induction of senescence was even claimed as the new goal of canc
treatment [2] and many researchers stepped on this path.

In this chapter, we describe our data over the last 2 decades, which along with other research
Zc@eS—0'SeZ701¢'Z1ZiSE+1" ™M™ @' e7Zfle'Sele”, ESeeZ+1SI
stress-induced premature senescence) and mitotic catastrophe (MC) are not desired goals ¢
cancer treatment. Rather, we show that these processes can enable genotoxically treated ca
cer cells to escape cell death, not only by secretion of survival promoting components [3] but
Se@™1<«¢1Z ZE+'YZ1 1>Z™S'H»il ¢1leeSc e’ £'—el1™51>ZE"YZ>' -
stem cells (CSCs) senescence can be reversed by DNA damaged-induced ACS. To explc
'Z®Z1E —EZ™erel1E+ZSr>e¢1l ' e1l’®1l >el’ -™ eSS 017157
senescence and the biology of CSCs.

2. Biological features of cell senescence: what is clear and what is not?

Replicative senescence is usually dependent onTP53p21CIP1/pRb/E2F pathway, whereas
accelerated senescence can be mediated througfP53& ™M XW W&™ <& X 17501
E2F pathway or both [4pi1l Zee1SESEZ7'>71 Sel—-">™ "e"e¢d17™>7070¢
™ e'e’'YZ1e™>1®@S,T,eSeSE"e’'*SeZ10™ 1\iVile+sS' — —31’
“eleZe"—757201S—e1SEZYZ-Z—e1"01+'721 S¢ E"1le -1 E"
while in ACS the telomeres are not shortened [5pil ~ ZYZ>81'Z172—-7>72—E
>Z2S"®1S—ele'Z1sZ@zes’—es1 1e¢S-SeZ157Z0e™ " —eZ10 1lC
accelerated senescencef]. Persistent irreparable DNA damage triggers the senescence-ass¢
ciated secretome [7], which is another feature of cell senescence. Emergence of endopolyploic
cells, some capable of escaping senescence is also a typical feature of norma8][and cancel
cells [9, 10. The reversibility of genotoxically induced senescence coupled to reversible poly-
™o e 1S —el'el>ZeSe’ " —1e"1l@eZ-——Z0Ee1S—e1™ " ™7eSe "
eSS —el'el Z1 'e'le”1eZYZe" ™1 (ZA4THUTEBhep@yploldy>cORponéniofc
®/Z—7e@EZ—EZ1 ' ®1SeEe " E’'SeZ+1l '¢'1>72@' ®eS—EZ1+"1E"
e " —1ESZeZelel—72e0EZ—EZ1572Y7Z>0e S dBandindted¥ed
resistance of cancer cells to chemotherapy 19pil1 ~ ZYZ>81 ‘Z«'Z>1S—¢1 e’
somatic cancer cell is capable of displaying the above features associated with senescen
sZYZ>00Se17>1 ‘Ze'Z>1e’ @1l —e¢1lS™M ™' Z@leTIES—EZ>1®e”Z
occurs is still largely unclear.
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3. The common biological features of embryonic stem cells (ESCs)
and CSC

It is now generally accepted that CSCs play a central role in cancer genesis and promotion
Firstly, they possess the developmental potential, being capable of sphere formation and the
Scle’e@le™ e’ 757 —e'SeZ1' —e"1-7®@ ¢Z>5-8172—e"+7>-1S—+17
ules of ESC are found active in various cancers P0], in turn, aggressive tumors express the
—S>"Zs@17e1 175123228 EV d@BYe7—">001See"1SESZ2'>Z212Z™
under genotoxic [25-2§ or hypoxic conditions [ 29|, in association with overcoming the tet -
>S™e™ 00 1¢S>5'Z5i1 "81Z™ ' eZ—Z¢' ESee¢d1l @171l e'etleZ,
features of ESC.

™'e7 —7e¢'ELl’ ' —c@eSc’e’e¢1'01S—"e'Z51—"eSceZ1eZSe7>71 1
®Zeel M'eZe d1E > -Se'—1-S>" —el17e1"7¢1eZYZe" ™7 —o
sZe’"—@17¢1 YleCoe' —Z1X]1—-Z¢'¢eSe’"—1'S><¢">'—el@—-SeeZ>
These domains tend to coincide with genes of transposable elements (TE) expressed at o
levels [30]. Some activity of TE may provide the transcriptional noise, which is necessary for
the fate changes observed during early embryo development [31, 33. Moreover, the enhanc-
ers in ESCs are enriched for the transposable elements and genetic variations associated wil
cancer [33].

—1See’e’ " —Se]l MZEZ'S>’e¢1"e1 10S—ele'"Z 'eZ1l Ul'ce
sZee>y &' " —1EZE"™T —efil'Z>21 Z1S—-1 1SEs'YSeZ
[34ple”1e">EZ1 1'—e"1 ,™*'S@Zil ‘Z>72+°>281S-Se71 1EZ

1¢S—SeZ1E'ZE "™ —el’—eeZS+d1 ‘“"00Z1>72S+’YZ1 7853-3¢
“>2°YZ581erZeeZel 1S—ele’"Ze¢1Se®"l 1™ eelZeel
™S e Z10—"+37Z 39 contairing non-degraded cyclin B1, which is normally destroyed
SeeZsl-"e"®@ @Il —1'5>S¢’SeZele¢-™""_S®elS—el Z S1EZesce
e"1<Z1lmezoe*S'—7Z1<¢1S E - 39SSameladditidnal acti/atorsloj meiotic prophase
were also revealed 40, 41p 1’ — ¢ ESe’ —e1S1™ "o’ <o Z 1>’ eeZ>1e5 — 10"
™M™ 6]’ —e"1S1-Z7""ELM™M>"™M'SeZ,e’"Z1@eSeZ1 'e'1’e@l-"
“eZ—e'Seetdle’®@1I-Z""R 'R, Z1-"2ZEZ7S>1®Z4 —+1See" @]
tetraploidy and use this compartment for DNA repair by homologous recombination [ 14, 42]
eele's771eSEZee17¢1l 1< " e7e¢01™ '@ Ze1E>"-Se'—81S—17
™MZEZ72¢'S>1EZe+1ECEZLIEZE "™ —e@1S>Z1S™M™MS,7 —ee¢l
‘See—S>"1'®@1I™Zre’'eeZ—e1l 1eS—-SeZil ‘Z1>72-S' —eZ>17ele''(
notion within our experimental material.

Zil EEZ+Z2>SeZ210Z2—20EZ—EZ1"+1'2-S—1 "«
tetraploid cells with transient self-renewal potential

— 17 —Z17e17751>2@Z—e1Z{™Z>'~Z—eSeleteeZ-®d1lZ->¢"—
were grown in normoxia (20%) and 5% CO, and reached full senescence (proliferative arres
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"e'1EZ>7 1" EL1'—ZjlilSeeZ>1YX.YZ1™MS®eESZ®ril Z—Zxa
“el1Z—+S>eZel1EZee®@d1—Z2E+ZS>1™ @'’V e¢1 el ™XW WI1S-—
at the terminally stage nuclei were swelling and p16 entered the cell nuclei [43]. DNA cytom -
Ze5C1>72Y2SeZ¢1S—1SEE72-72+Se’"—17¢1S1™ e’ " _17e1e'721™,
partment (Figure 1A, B) which were also overcoming the tetraploidy barrier with formation
of a few (4—6%) tetraploid cells, which sometimes entered aberrant mitoses. These cells witl
©S>eZ1 ™" e¢™e™ 0] —7(EeZ'1<ZeS—1"1Zi™s7Z@®lcs'le’lZ—2Z0¢

'etle'ZleZes,»Z—27 Se1-S>"7>1 0le'ZZ1EZeel Z>21S-0
«>Z'S” ce 1 0Figuiiel ’C—F). The acquisition of bi-potentiality by a small proportion of normal
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These observations heightened our interest in the role of senescence in the CSC model.

5. Ovarian germline cells challenged by genotoxic stress display the dual
p53-dependent expression of p21CIP1 and OCT4A

As a model for CSC we chose the ovarian germline cancer cells PA1. These cells are wiP53
possessing features of embryonal carcinoma f4]. They were treated with etoposide (ETO), the
inhibitor of Topoisomerase Il, to induce DSB through the impairment of S-phase [ 45]. Cells
Z—7>7¢1-S0ce’'YZO1 ™M>~e"—e7e81 X,8>>2*81SES2'>Z2Z+1 S

1¢751S¢"72¢1Z.[1eS¢@1’ —1—27S>¢¢1WVV-1"e1EZeel—72E+7Z"
with some cells overcoming the tetraploid barrier ( Figure 2A, B). The most surprising fact was
that regulators of the opposing processes of senescence (p21CIP1) and self-renewal OCT<
0 [ Wil Z>Z1e'e¢1’'—eZ2EZe1'—1+'7Z1 ce Figutds XG Snd ZAR This VB
downstream of activated TP53 as both p21 and partly OCT4A became downregulated after
TP53RNAI silencing ( Figure 2C) [45]. Further study [ 46] revealed that p53-activated OCT4A
down-regulated p21CIP1, moderating its expression and preventing cells from precipitat -
ing terminal senescence or apoptosis Figure 2D), thus providing the opportunity for repair.
Downregulation of p21 via OCT4 was previously shown in ESC [ 47].

Moreover, such stress-activated OCT4A was transiently disconnected from its self-renewal
™Sse 7510 X1S—-1 101Soele"®@Z1 ™5~ eZ'—172Y7Z
alongside Oct4A [46]. Therefore, the autoregulatory and feedforward loops seen in ESC
[48p1 Z>7Z1—"e1™>7@Z—ed1 ™ e7 —e'Seetle771e" 121" —" —
promoter by activated p53 [49p 1S —e & >1e‘Z1e” — >7e7e¢Se’"— 171
OCT4A[50pi1l ~ ZYZ>81'+1’®@1See™ 1™ " ee’'<eZ1+'Sel1S—"¢'7581
[B4P1E"Z2eel1<Z17Z—'"S—EZ+81 “"eZ1 — "o’ —elSEe'~"—1"e]1 ™.
T — 157207 EZe1eH>E —e1Z®@ES™Z1 01 21S-SeZe1lEZooce
SEE7-7+S+"~"— 1’ -FigurX 3PresBrstidse hypothetical relationships between the
cell cycle and pluripotency functions of stress-activated OCT4A induced by DNA damage
through activated p53.

‘Z1<£S5>72172Se’e¢170¢1 Z 1 'e'1™MXW W1 Seloez«ezZ1S-
returned to normal, on days 7-14 (Figure 2A), while silencing of stress-activated OCT4A pre-
vented recovery [46pT1 ‘'ele>S—’'Z—el17—eZE eZe1leeSe71'—1 X188
true self-renewal, was thus lasting as long as wtTP53was activated by the DNA DSB.

—1SEEH>*S—EZ1 '"+'17751 —e'—eel’ —1 WI1IEZeeel1lSeeZ>1

"1 E®>22—1>2Y28eZe¢l1e' 71 —e>'—'EL1l>"¢Zel 1 15—e1 X
oZ—ECLIE " —e>"e1'001'S>e '3Zele 1 Z1EZes,ECE*Z1-SE‘'— 7>
Z—'S—EZele'Z1 ,<1™Se' S¢1e"1™>7Y736)sAsWell, |3 skiovdet] GRat
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Figure2. Zoe™~—@Z1"«1 1 ,WI1EZeeale ™1l 1e>72Se—7—¢il 1 ,WI1IEZeol 2572152
assessed at the indicated time point. A 11 Zeeoel Z>Z1ECe " @™7—81 jZe1S—eleeS —Ze1e7>1
described [46]. DNA content was determined for at least 200 cells in each condition and is represented as a percentage
>7e"7—el1l X1S557Zae1 " —1+S¢1X1 Sl «@Z>YZele ee™ Zelctle'Zlm —2¢5—7"7
H>SE"T—1"—1eS¢1[1<Z2" 521 Z1>ZE"YVZ>5¢1 121 —BirIS¢Z EF 55 ME0 E=Z11" W ™
cells was examined in the context of DNA content with cells sub-divided into small or large cells. In the NT control
®©S-—™e781SeelEZeecel Z>Z1™ X, —Z¢Se’YZ1 '¢'1S—172{™MZEeZe1—7EZ2'1e’£
7>7Z1™ X, ™M '« VZ1S8—e1¢Z21YSa@el1-8“">'e¢1"e1—7E+Z2'1 2521+S5>+Z10AZ i
el V@E'1 Z5Z21™  X,—Z+Se’YZil Se51S85721>Z2™>7Z@Z—+Se'Y 71T Anhudablbt anasis
of TP53, OCT4A and P21CIP1 in PA-1 cells after ETO treatment. PA-1 cells were treated with non-target (ntg) siRN/
0°G17>1ae’ , [Y10,01>1XZ1'1<¢Ze">71>2Se—7—e1 'o'17r1e 1 81 Sce''—e¢1See,;
Gl ——Z7—"¢e"4 —ele 1 ™[YHL XW WAL Z 1751 15®1S1e"Se’ —e1E " —s>"01
5). p53 was upregulated in response to ETO treatment and suppressed by siRNATP53 P21CIP1 and OCT4A were
also upregulated by ETO treatment, and the upregulation was restricted by treatment with siRNA- TP53 Data are
representative of three independent experiments. (A—C) republished from Ref. [45]. (D) OCT4A suppresses p21CIP1 an
e JEZe1eZ—720EZ—EZil WI1EZeeol 2572152871 'o'l—ee, @’ 1751 Z,c
XV1'1S—el>7Z™eSEZ-Z—e1 'e'1les70'1-2"'Sil "2 —172{™>7Zee’ " —1 SelSeer:
Zeelot@SeZoel 2521-S¢721S5S—+1SeeZoeweZsl«tl ——7—"¢ce"4’ —ele™>1™ X&1
loading control. Republished from Ref. [46].

cellular senescence accompanying DNA damage or DNA damage as such favors cell repre
gramming in vivo models. It should be noted however, that the frequency (chance) of survival
in our PA1-ETO model was not high. It stresses the importance of another possible player in
this “undecided” stage between senescence and self-renewal, of transcriptional noise.
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Figure 3. Schematic of the response of wiTP53cancer stem cells to genotoxic damage. P53 is activated and simultaneousl|
induces p21CIP1 and OCT4A. OCT4A moderates the expression of p21CIP1 preventing apoptosis or terminal senescenc
[45, 4. Activated p53 also downregulates the promoter of Nanog gene [49]. Therefore, the multipotency circuit based
"—1 S—"ele' —7+Se’"— 171 8 {ddshedllinesX i ynterrupted. In addition, the overexpressed OCT4A
Se@ ™1 e” —,>Ze7¢Se7aBAPT1 EYy'YSeZel Z 1Se®™1Z—'S—EZ®1+'Z1SE+'Y «¢1"
71 W& 157200¢>' €+ "B4pESZE I EELF+Se'"—1'—1 Xil Ee’YSeZel1™[Y1See™1
PAMPK activates autophagy. Functional autophagy sequesters and digests p16INKA4 within the cytoplasm, preventing

its transition into the cell nuclei and hence terminal senescence. With exhaustion of autophagic capacity (halting of
S7e"™ S E1 ZjUl™ 1SE'VYSeZ701S151f03 <" BELTEZE "™ S Plog 1 EZoeleZSe":

X1EZeoelE —™Sse—-7—ocei

6. Transient bi-potentiality of CSC for senescence and self-renewal
displays the population features of “noisy” expression and activated
transposable elements

One of the interesting facets of this dual expression of self-renewal and senescence regulator
in the PA1-ETO model was the high heterogeneity in response, with individual cells express -
'—el 'eeele’ Z>'—eleZYZeoe 1Figure 42) Shisexplbréativelanaos continued for
4—6 days and culminated with massive cell death selecting a small proportion (<1%) of resis
¢eS—elez> Y'Y @il Sse’Z>lmeze’'Z®1™—1 17<eZ>Y' —e1e'217
of gene expression in individual stem cells led the authors to suggest that “noise “may be the
central driving force behind multipotency [32, 50, 52].

Therefore, notably, a similar long ‘stochastic’ phase of choice between senescence and se
renewal (initiated by activating DNA repair and mesenchymal to epithelial transition), with
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Figure 4. Population heterogeneity in expression of OCT4A and p21CIP1 in response of PA1 cells to ETO treatment
(A) Population heterogeneity in expression of OCT4A and p21CIP1 is extended for days 2—-6 post ETO treatment
<2 >Z1>7ZE"YZ>¢1+>"—1+S¢1]0 B)PopulatieriheferbgEnéitg & hécompanied by a degree of polyploidy as
represented by DNA histograms on day 4, with underreplication of the cells in late S-phase of diploid and polyploid cell

E~"ree0le’®@I™ Z—"-7—"—1'®@1Z—'S—EZe18eeZ51'—-™Z7e’ 7 2146|1572+ ™" 'S
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heterogenous activation of pluripotency genes, preceding the period of further determination
of self-renewal circuitry has also been reported during the induction of pluripotent stem cells
[53].

Z>1loeeze¢l™el 1@ e>S—@1’'—1 ,>ZSeZ+1 WI1EZeseel>ZY
strong under-replication in late S-phase (Figure 4B), the time of constitutive heterochromatin
replication [46pT1 "—'¢S>¢¢31S>>Zceel’'—1¢SeZ1 ,1S—e1 X 1™ ‘Sce;
treatment in p53 mutant cancer cells [54]. This feature may therefore be equally required
for any senescence causing release from silencing and subsequent activation of TE nested
constitutive heterochromatin as retrotransposition was found in replicative cell senescence
[55, 56. In particular, under-replication may cause de-repression of TE genes and result in
the epigenetic activation of the developmental genes in the poised chromatin regions [30]
enabling the reprogramming by senescence. Indeed, we observed the activation and clus
tering of ALU elements in the ETO treated PA1 cells 57]. The initial de-repression of trans-
™ e — @1 E Zeel ™Y eZ1'Z1 —7ZEZ®eS>¢1l —"'e¢ 1<SE"

ZEe2Se " —®17e1eZ2—212{™s7Ze®e’'"—081 "E'1Z—S<eZl®"E"
for cell fate change and escape from terminal senescence.

7. The role of autophagy in preventing terminal senescence

Our further observations in the PA1 model showed the importance of autophagy in with -
standing the proteotoxic stress following ETO treatment and its crucial role in maintain -

el Y St t01l — """ — 1701 S7e" ™M Se¢l EZe—'—SeZe1 ' —1
disintegration [46, 57pil e>Zcece,SE+'YSeZel Z 1-S' —e¢1E <" ES
nuclear concentration in individual cells, with activated AMP 1721 "’ _ Srigufel 5A, B).

 SE'YSeZel™y ez —1""—SeZ10 UleZ>YZ0e1SelS1e7—
YSe >17e1S7e"™ ' Se¢ijl ‘Z17Z—7>¢1lee>Zee,>Z0e™ " —@Z1 1
of p53[58,59p 1S —¢1ES—1" —eZEZ1S1™[Y,eZ™Z —e7 —elee?E5H
™MyZE ™ eSe’ ] S™M ™Moo’ E]LEZeeleZSe'le>"—1'Z1 W& 18
E'ZE”™0]—-1y

We found, in addition, that active autophagy in PA1-ETO cells sequestered p16INK4A aggre-
somes within the autophagic vacuoles (Figure 5C i—ii), while disability of autophagy enabled
™W\Lle' ZeZle' o> <2’ —1"'—1'Z1EZesl—7E2'1S—1ES7¢
integration ( Figure 5 iii-iv) preventing survival of ETO-treated cells [ 46]. The p53-dependent
role of AMPK, its relationship with stress-activated OCT4A, and the role of autophagy in the
prevention of terminal senescence for TP53 wild-type CSC cells is schematically presented ir
Figure 3.

~ ZYZ>8TIP531—7¢S—eedle'Z1EZeee]l —e1S—1See’e’ " _Se1

they undergo mitotic slippage and employ polyploidy for repair and sorting the damaged
DNA.
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Figure 5. Ze¢ " ™'Se'E1>7Z@™ " —@Z1"+1 WI1EZee@le 1l AL ESHZELI™ e0eelS=F b2
of OCT4A and pAMPK in individual cells assessed on day 4 after ETO treatment. There is a clear correlation
between enhanced expression of OCT4A and pAMPK™1721 ~e 1 ,0>72 S o7+ BYAOL T4 ant PAMPK ™72
-2 —" 25720 EZ—EZ21'—1 W1 EZeecel Z1 ¥ The refariodshib betyeeh Smtophagyidnd
eZ—720EZ—EZil W, 1EZeeoel Z>Z1>Z8eZe¢1 'e¢'"72¢1751 '¢'1 S «"_¢E"-
yZ™MeSEZel 'e'le>Z@'l1—-72'S01EZeel 725721'S>YZ@eZe1Z71'1+S7Z510S¢

X17>1 18;eloe’” —1Y'S1+'Z1 1 "™ ESel 75810701 " —-¢1 X1
S7e"™‘Se¢l1eZ372Z0e>Se’—el™MW\' —"ZS E~"—eS'— —el1Seers7®@ " -Zilld’"."Y
Z877Z0e>Se’ " — 171 ™W\'—"Z851'cc1™Ssee¢le " @edle’ Fe —el' —e 1 Z1EC"
Republished from Ref. [46].
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8. TP53 mutants with persistent DNA damage undergo mitotic slippage,
ploidy cycles, and are capable of reversing senescence alongside

polyploidy

Some authors have reported that genotoxically treated cancer cells can paradoxically
E -« —Z10.S,t,*Se, ™M @'’ Y e ¢C1lIE " —0'*Z>Z1S®e1S1z—"¥
'"—17e1 '\]81S1‘See—S>"10e’e—Se75717e1 ™% e’e75Se’ " —j1
dependent on p21 and TERT p1pil ¢‘Z>ce 1 'SYZ1>Z™"5¢7Z¢1¢'Sel S
compatible with polylploid cells (induced by DNA chemotherapy) undergoing de-poly -
™o e’ £Se’" 1S — e 13e1f: DVdtcommy the tetraploidy barrier in  TP53 mutants,
"7’ —ele'Zl@Zee, s 72 —2B HHpNAES 2Ly "Ze¢1E " —VYZrele7
eSS £71 ' 7Z—-71 “>Z2°YZ>81 ™MS>Se” ' ES-+e¢dIRB-mitani tanSre
cells, which uncouple DNA replication from cell division and undergo mitotic slippage

possessing both DNA DSBs and Ki67 expression Figure 6A). As well the mitotic chromo -

Figure 6. Mutant TP53 tumors have additional options for repair and sorting of DNA damage in ploidy cycles. The
o7 —"¢"{"E1eS-Se71'—1-72eS—e1 [Y1IES—EZ>1EZeele’ —7Z0017+1YS> "2l HA)
YEZ>WVISE'YSe' " —1«¢1-BUIZETV>Z B "edli"el™>" e’ e75S¢’ " —1-85"7>1 '\]1e""
<¢1f, X 1 E’'il ‘’oel’ e T)DNA damage doiting by micronuclei in the next mitosis of the polyploid cells
and/or (D) by expelling and autophagic digestion of the whole subnuclei of multi-nucleated cells. (A i1l Z S1EZe:
'5>Se’Se’”— 3 B) SIDA KIB RB1 breast cancer cells on day 4 after 100nM Doxorubicin treatment (in collaboration
o'l il TVV@BLA, Ze,XALEZeedLYV ¢31eSELIX10 —1E e DHATLS ) N5 1 Lol ™" EC
WV ¢81+S¢1\il Z™7¢o’ @6Zpl>S>de ZOid%XV1e—010 . ULWV1le—i
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® -Z1™MSekem®reZ—Z>®®01xeZE'1Sckel ES-S - HJEIB)@hdSSHviVin.
are expressed during mitotic slippage and in resulting polyploidy interphase [ 19, 63, 64.
Notably, activated AMPK, responsible for the metabolic aspect of senescence-associate
autophagy, also possesses these same chromosome passenger feature85]. All of these
observations indicate that stress-induced “senescent” cancer cells retain their proliferation
potential through induced polyploidy coupled to active autophagy. During this process
or/and in the next tetraploid/octaploid cell cycle they can additionally repair DNA [ 42]
and also sort the un-repaired DNA damage in micronuclei ( Figure 6C 18 1S a1 >oe-1

S S« 1 7 6B|SThielautophagic nature of this sorting found by Rello-Varona etal. [67p 0 1
been reviewed previously in Ref. [68]. This sorting of the DNA damage through micronu -
EeZSe'"—1 Sl «eZ>YZe1lct17201l —10ZYZ>Selez—">1EZs~
e Ti'E1e>Z2Se—7—e+cel S ceFighreZ6-(N-C).Thé autdphagic elimination of large
DNA portions or whole sub-nuclei with damaged DNA was also observed ( Figure 6D)
[62, 68, 69 as another intriguing feature of the late post-damage events of genotoxically
treated TP53 mutants.

All this indicates that TP53 mutants have a strong capacity for surviving genotoxic damage
and reversing cell senescence by reversible endopolyploidy through a pathway involving
boosted stemness. This pathway is in fact far away from the regulations of the typical mam-
~Se'S—1EZe+s1ECEZil ">Z1e'"Z2e¢81e'Z®Z1e72-">1EZeoel”Z
unicellular organisms recapitulated from evolutionary ploidy cycles as we have postulated
previously in Refs. [70, 71 and showed recently by bioinformatics study of polyploidy [ 72].
It only remains to add that in general tumor cells cannot bear wild type TP53and inactivate
it, if not by mutations, then in many other ways [ 73]. Perhaps the increased ability to acces
additional routes to cell survival by overcoming senescence and repairing DNA damage as
detailed above, also help explain this inactivation of TP53function in tumors.
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