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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. 
OCT4A suppresses the excessive activity of p21 preventing the immediate precipitation of 
�Š�™�˜�™�•�˜�œ�’�œ�1�˜�›�1�•�Ž�›�–�’�—�Š�•�1�œ�Ž�—�Ž�œ�Œ�Ž�—�Œ�Ž�ï�1���•�1�™�Ž�›�œ�’�œ�•�œ�1�Š�œ�1�•�˜�—�•�1�Š�œ�1�œ�ž���Œ�’�Ž�—�•�1�Œ�Ž�•�•�ž�•�Š�›�1�Ž�—�Ž�›�•�¢�1�›�Ž�–�Š�’�—�œ�ò�1
generated through autophagy, itself sequestrating p16INK4A in the cytoplasm. As such, 
�Š�ž�•�˜�™�‘�Š�•�’�Œ�1�Œ�Š�™�Š�Œ�’�•�¢�1�’�œ�1�•�‘�Ž�1�‹�˜�4�•�Ž�—�Ž�Œ�”�1�˜�•�1�•�‘�Ž�œ�Ž�1�����[�Y�,�•�Ž�™�Ž�—�•�Ž�—�•�1�œ�Ž�—�Ž�œ�Œ�Ž�—�Œ�Ž�1�›�Ž�Ÿ�Ž�›�œ�Š�•�1�™�›�˜�Œ�Ž�œ�œ�Ž�œ�ð�1
as well terminal senescence will follow if DNA damage is not ultimately repaired. In TP53 
�–�ž�•�Š�—�•�œ�1�•�‘�Ž�1�������,�•�’�”�Ž�1�œ�•�Š�•�Ž�1�’�œ�1�‹�˜�˜�œ�•�Ž�•�1�‹�¢�1�œ�•�›�Ž�œ�œ�Ž�•�1�Œ�Ž�•�•�œ�1�˜�Ÿ�Ž�›�Œ�˜�–�’�—�•�1�•�‘�Ž�1�•�Ž�•�›�Š�™�•�˜�’�•�¢�1�‹�Š�›�›�’�Ž�›�ï�1
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 -
�•�Š�•�’�—�•�1�•�‘�Ž�1�•�Ž�—�Ž�œ�’�œ�1�˜�•�1�–�’�•�˜�•�’�Œ�Š�•�•�¢�1�Œ�˜�–�™�Ž�•�Ž�—�•�1�•�Š�ž�•�‘�•�Ž�›�1�Œ�Ž�•�•�œ�1�•�˜�•�•�˜� �’�—�•�1���—�Š�•�1�•�Ž�™�˜�•�¢�™�•�˜�’�•�’�œ�Š-
�•�’�˜�—�ï�1���•�Š�’�—�ð�1�Š�ž�•�˜�™�‘�Š�•�¢�1�’�œ�1�›�Ž�š�ž�’�›�Ž�•�1�•�˜�1�•�ž�Ž�•�1�•�‘�’�œ�1�™�›�˜�Œ�Ž�œ�œ�ï�1���˜�›�Ž�1�•�Ž�•�Š�’�•�Ž�•�1�”�—�˜� �•�Ž�•�•�Ž�1�˜�•�1�•�‘�Ž�œ�Ž�1
arcane processes anticipates the provision of anti-cancer drug targets, such as AURORA 
���1�”�’�—�Š�œ�Ž�1�Š�—�•�1���ž�›�Ÿ�’�Ÿ�’�—�ð�1� �‘�’�Œ�‘�1�Ž�—�œ�ž�›�Ž�1�–�’�•�˜�•�’�Œ�1�œ�•�’�™�™�Š�•�Ž�1�Š�—�•�1�•�‘�Ž�1�Œ�˜�—�•�’�—�ž�’�•�¢�1�˜�•�1�™�•�˜�’�•�¢�1�Œ�¢�Œ�•�Ž�œ�ï
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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 
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�˜�•�1�˜�Ÿ�Ž�›� �‘�Ž�•�–�’�—�•�1�Š�4�Ž�—�•�’�˜�—�1�•�˜� �Š�›�•�1�Š�™�˜�™�•�˜�œ�’�œ�1�’�—�•�ž�Œ�•�’�˜�—�1�Š�œ�1�•�‘�Ž�1�Œ�ž�›�Ž�1�•�˜�›�1�Œ�Š�—�Œ�Ž�›�ð�1�•�‘�’�œ�1�Š�›�•�’�Œ�•�Ž�1�•�Š�Ÿ�Ž�1
�‹�’�›�•�‘�1�•�˜�1�Š�1�—�Ž� �1���Ž�•�•�1�’�—�1�Œ�Š�—�Œ�Ž�›�1�›�Ž�œ�Ž�Š�›�Œ�‘�ï�1���‘�Ž�¢�1� �›�˜�•�Ž�ñ�1�����—�‘�’�‹�’�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�™�›�˜�•�›�Š�–�1�˜�•�1�Š�™�˜�™�•�˜�œ�’�œ�1�‘�Š�œ�1
�‹�Ž�Ž�—�1�›�Ž�™�˜�›�•�Ž�•�1 �•�˜�1 �‘�Š�Ÿ�Ž�1 �•�’�4�•�Ž�1 �˜�›�1 �—�˜�1 �Ž���Ž�Œ�•�1 �˜�—�1�Œ�•�˜�—�˜�•�Ž�—�’�Œ�1�œ�ž�›�Ÿ�’�Ÿ�Š�•�1 �Š�•�•�Ž�›�1 �•�›�Ž�Š�•�–�Ž�—�•�1 � �’�•�‘�1 �•�›�ž�•�œ�1�˜�›�1
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 drug 
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 cancer 
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, 
�œ�ž�‹�œ�•�Š�—�•�’�Š�•�Ž�œ�1�•�‘�Ž�1�Ž�¡�Š�Œ�•�1�˜�™�™�˜�œ�’�•�Ž�ñ�1�•�‘�Š�•�1�œ�˜�,�Œ�Š�•�•�Ž�•�1�Š�Œ�Œ�Ž�•�Ž�›�Š�•�Ž�•�1�Œ�Ž�•�•�1�œ�Ž�—�Ž�œ�Œ�Ž�—�Œ�Ž�1�û�������ü�1�û�Š�•�œ�˜�1�Œ�Š�•�•�Ž�•�1
stress-induced premature senescence) and mitotic catastrophe (MC) are not desired goals of 
cancer treatment. Rather, we show that these processes can enable genotoxically treated can-
cer cells to escape cell death, not only by secretion of survival promoting components [3] but 
�Š�•�œ�˜�1�‹�¢�1�Ž���Ž�Œ�•�’�Ÿ�Ž�1�������1�›�Ž�™�Š�’�›�ï�1���¢�1�œ�•�Š�‹�’�•�’�£�’�—�•�1�˜�›�1�›�Ž�Œ�˜�Ÿ�Ž�›�’�—�•�1�•�‘�Ž�1�’�—�—�Š�•�Ž�1�œ�•�Ž�–�1�™�›�˜�™�Ž�›�•�’�Ž�œ�1�˜�•�1�Œ�Š�—�Œ�Ž�›�1
stem cells (CSCs) senescence can be reversed by DNA damaged-induced ACS. To explore 
�•�‘�Ž�œ�Ž�1 �Œ�˜�—�Œ�Ž�™�•�œ�1 �Œ�•�Ž�Š�›�•�¢�1 �’�•�1 �’�œ�1 ���›�œ�•�1 �’�–�™�˜�›�•�Š�—�•�1 �•�˜�1 �›�Ž�Ÿ�’�Ž� �1 �Š�—�•�1 �•�Ž���—�Ž�1 �•�‘�Ž�1 �•�¢�™�’�Œ�Š�•�1 �•�Ž�Š�•�ž�›�Ž�œ�1 �˜�•�1 �Œ�Ž�•�•�1
senescence and the biology of CSCs.

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

Replicative senescence is usually dependent on TP53/p21CIP1/pRb/E2F pathway, whereas 
accelerated senescence can be mediated through TP53�&�™�X�W�������W�&�™���‹�&���X���1�˜�›�ð�1�™�W�\�’�—�”�Z�Š�&�™���‹�&
E2F pathway or both [4�þ�ï�1���Ž�•�•�œ�1�Š�Œ�š�ž�’�›�Ž�1���Š�•�1�–�˜�›�™�‘�˜�•�˜�•�¢�ð�1�ž�™�›�Ž�•�ž�•�Š�•�Ž�1�Š�ž�•�˜�™�‘�Š�•�¢�ð�1�Š�—�•�1�‹�Ž�Œ�˜�–�Ž�1
�™�˜�œ�’�•�’�Ÿ�Ž�1�•�˜�›�1�œ�Š�,�†�,�•�Š�•�Š�Œ�•�˜�œ�’�•�Š�œ�Ž�1�û�™�
�1�\�ï�V�ü�1�œ�•�Š�’�—�’�—�•�ð�1�’�—�•�’�Œ�Š�•�’�Ÿ�Ž�1�˜�•�1�‘�’�•�‘�1�•�¢�œ�˜�œ�˜�–�Š�•�1�Š�Œ�•�’�Ÿ�’�•�¢�ï�1���›�˜�œ�’�˜�—�1
�˜�•�1 �•�Ž�•�˜�–�Ž�›�Ž�œ�1 �Š�—�•�1 �Š�Œ�‘�’�Ž�Ÿ�Ž�–�Ž�—�•�1 �˜�•�1 �•�‘�Ž�1 �
�Š�¢���’�Œ�”�1 �•�’�–�’�•�1 �Œ�‘�Š�›�Š�Œ�•�Ž�›�’�£�Ž�œ�1 �™�›�˜�•�’�•�Ž�›�Š�•�’�Ÿ�Ž�1 �œ�Ž�—�Ž�œ�Œ�Ž�—�Œ�Ž�ð�1
while in ACS the telomeres are not shortened [5�þ�ï�1�
�˜� �Ž�Ÿ�Ž�›�ð�1�•�‘�Ž�1�Ž�–�Ž�›�•�Ž�—�Œ�Ž�1�˜�•�1�������1�œ�•�›�Š�—�•�1
�‹�›�Ž�Š�”�œ�1�Š�—�•�1�•�‘�Ž�1�›�Ž�œ�ž�•�•�’�—�•�1�������1�•�Š�–�Š�•�Ž�1�›�Ž�œ�™�˜�—�œ�Ž�1�û�������ü�1�Œ�‘�Š�›�Š�Œ�•�Ž�›�’�£�Ž�œ�1�‹�˜�•�‘�1�™�›�˜�•�’�•�Ž�›�Š�•�’�Ÿ�Ž�1�Š�—�•�1
accelerated senescence [6]. Persistent irreparable DNA damage triggers the senescence-asso-
ciated secretome [7], which is another feature of cell senescence. Emergence of endopolyploid 
cells, some capable of escaping senescence is also a typical feature of normal [8] and cancer 
cells [9, 10]. The reversibility of genotoxically induced senescence coupled to reversible poly-
�™�•�˜�’�•�¢�1�Š�—�•�1�’�•�œ�1�›�Ž�•�Š�•�’�˜�—�1�•�˜�1�œ�•�Ž�–�—�Ž�œ�œ�1�Š�—�•�1�™�˜�™�ž�•�Š�•�’�˜�—�1�›�Ž�Œ�˜�Ÿ�Ž�›�¢�1�Š�›�Ž�1�”�Ž�¢�1�™�‘�Ž�—�˜�–�Ž�—�˜�—�1�•�˜�1�ž�—�•�Ž�›-
�œ�•�Š�—�•�1�’�•�1� �Ž�1� �’�œ�‘�1�•�˜�1�•�Ž�Ÿ�Ž�•�˜�™�1�‹�Ž�4�Ž�›�1�Œ�Š�—�Œ�Ž�›�1�•�›�Ž�Š�•�–�Ž�—�•�œ�1�ý11–17]. The polyploidy component of 
�œ�Ž�—�Ž�œ�Œ�Ž�—�Œ�Ž�1�’�œ�1�Š�œ�œ�˜�Œ�’�Š�•�Ž�•�1� �’�•�‘�1�›�Ž�œ�’�œ�•�Š�—�Œ�Ž�1�•�˜�1�Œ�‘�Ž�–�˜�•�‘�Ž�›�Š�™�¢�1�Š�—�•�1�’�—�Ÿ�˜�•�Ÿ�Ž�œ�1�–�������1�Š�Œ�•�’�Ÿ�Š�•�’�˜�—�ò�1�’�•�œ�1
�’�—�‘�’�‹�’�•�’�˜�—�1�Œ�Š�ž�œ�Ž�œ�1�œ�Ž�—�Ž�œ�Œ�Ž�—�Œ�Ž�1�›�Ž�Ÿ�Ž�›�œ�Š�•�ð�1�—�Ž�˜�,�Ž�¡�™�›�Ž�œ�œ�’�˜�—�1�˜�•�1�œ�•�Ž�–�1�Œ�Ž�•�•�1�–�Š�›�”�Ž�›�œ�1�ý18] and increased 
resistance of cancer cells to chemotherapy [19�þ�ï�1 �
�˜� �Ž�Ÿ�Ž�›�ð�1 � �‘�Ž�•�‘�Ž�›�1 �Š�—�¢�1 �œ�Ž�—�Ž�œ�Œ�’�—�•�1 �™�›�’�–�Š�›�¢�1
somatic cancer cell is capable of displaying the above features associated with senescence 
�›�Ž�Ÿ�Ž�›�œ�Š�•�1�˜�›�1� �‘�Ž�•�‘�Ž�›�1�•�‘�’�œ�1�˜�—�•�¢�1�Š�™�™�•�’�Ž�œ�1�•�˜�1�Œ�Š�—�Œ�Ž�›�1�œ�•�Ž�–�1�Œ�Ž�•�•�œ�1�û�������œ�ü�1�Š�—�•�1�‘�˜� �1�•�‘�Ž�1�›�Ž�Œ�˜�Ÿ�Ž�›�¢�1���—�Š�•�•�¢�1
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 
�Š�‹�’�•�’�•�¢�1�•�˜�1�•�’���Ž�›�Ž�—�•�’�Š�•�Ž�1�’�—�•�˜�1�–�Ž�œ�˜�•�Ž�›�–�ð�1�Ž�—�•�˜�•�Ž�›�–�1�Š�—�•�1�Ž�Œ�•�˜�•�Ž�›�–�1�™�›�˜�•�Ž�—�’�Ž�œ�ï�1���Š�—�¢�1�•�Ž�—�Ž�1�–�˜�•-
ules of ESC are found active in various cancers [20], in turn, aggressive tumors express the 
�–�Š�›�”�Ž�›�œ�1�˜�•�1�������1�˜�›�1�•�Ž�›�–�1�Œ�Ž�•�•�œ�1�ý21–24�þ�ï�1���‘�’�›�•�ð�1�•�ž�–�˜�›�œ�1�Š�•�œ�˜�1�Š�Œ�š�ž�’�›�Ž�1�Ž�™�’�•�Ž�—�Ž�•�’�Œ�1�™�›�˜���•�Ž�œ�1�˜�•�1�������1
under genotoxic [25–28] or hypoxic conditions [ 29], in association with overcoming the tet -
�›�Š�™�•�˜�’�•�¢�1 �‹�Š�›�›�’�Ž�›�ï�1 ���˜�ð�1 �Ž�™�’�•�Ž�—�Ž�•�’�Œ�Š�•�•�¢�ð�1 �������œ�1�˜�•�1 �‘�’�•�‘�•�¢�1 �•�Ž�,�•�’���Ž�›�Ž�—�•�’�Š�•�Ž�•�1 �•�ž�–�˜�›�œ�1�™�˜�œ�œ�Ž�œ�œ�1�–�Š�—�¢�1
features of ESC.

���™�’�•�Ž�—�Ž�•�’�Œ�1 �’�—�œ�•�Š�‹�’�•�’�•�¢�1 �’�œ�1 �Š�—�˜�•�‘�Ž�›�1 �—�˜�•�Š�‹�•�Ž�1 �•�Ž�Š�•�ž�›�Ž�1 �˜�•�1 �������1 �Š�—�•�1 �•�’�”�Ž�•�¢�1 �Š�•�œ�˜�1 �˜�•�1 �������ï�1 �������œ�1 �™�˜�œ-
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These domains tend to coincide with genes of transposable elements (TE) expressed at low 
levels [30]. Some activity of TE may provide the transcriptional noise, which is necessary for 
the fate changes observed during early embryo development [31, 32]. Moreover, the enhanc-
ers in ESCs are enriched for the transposable elements and genetic variations associated with 
cancer [33].
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tetraploidy and use this compartment for DNA repair by homologous recombination [ 14, 42]. 
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notion within our experimental material.
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tetraploid cells with transient self-renewal potential
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were grown in normoxia (20%) and 5% CO2 and reached full senescence (proliferative arrest 
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at the terminally stage nuclei were swelling and p16 entered the cell nuclei [43]. DNA cytom -
�Ž�•�›�¢�1�›�Ž�Ÿ�Ž�Š�•�Ž�•�1�Š�—�1�Š�Œ�Œ�ž�–�ž�•�Š�•�’�˜�—�1�˜�•�1�Š�1�™�˜�›�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�™�›�Ž�–�Š�•�ž�›�Ž�•�¢�1�œ�Ž�—�Ž�œ�Œ�’�—�•�1�Œ�Ž�•�•�œ�1�’�—�1�•�‘�Ž�1�	�X�1�Œ�˜�–-
partment (Figure 1A, B) which were also overcoming the tetraploidy barrier with formation 
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and stained for DNA image cytometry. DNA content was determined for at least 200 cells in each condition and is 
represented as the percentage in a state of (A�ü�1�•�˜�•�Š�›�’�•�‘�–�’�Œ�1�•�›�˜� �•�‘�ò�1�ûB) presenescence with some accumulation of cells in 
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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 wt TP53, 
possessing features of embryonal carcinoma [44]. They were treated with etoposide (ETO), the 
inhibitor of Topoisomerase II, to induce DSB through the impairment of S-phase [ 45]. Cells 
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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 OCT4A 
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downstream of activated TP53, as both p21 and partly OCT4A became downregulated after 
TP53 RNAi 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 
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alongside Oct4A [46]. Therefore, the autoregulatory and feedforward loops seen in ESC 
[48�þ�1� �Ž�›�Ž�1�—�˜�•�1�™�›�Ž�œ�Ž�—�•�ð�1�™�˜�•�Ž�—�•�’�Š�•�•�¢�1�•�ž�Ž�1�•�˜�1�•�‘�Ž�1�”�—�˜� �—�1�•�˜� �—�,�›�Ž�•�ž�•�Š�•�’�˜�—�1�˜�•�1�•�‘�Ž�1���Š�—�˜�•�1�•�Ž�—�Ž�1
promoter by activated p53 [ 49�þ�1�Š�—�•�&�˜�›�1�•�‘�Ž�1�•�˜� �—�,�›�Ž�•�ž�•�Š�•�’�˜�—�1�˜�•�1���������	�1�‹�¢�1�‘�’�•�‘�1�•�Ž�Ÿ�Ž�•�œ�1�˜�•�1
OCT4A [50�þ�ï�1�
�˜� �Ž�Ÿ�Ž�›�ð�1�’�•�1�’�œ�1�Š�•�œ�˜�1�™�˜�œ�œ�’�‹�•�Ž�1�•�‘�Š�•�1�Š�—�˜�•�‘�Ž�›�ð�1���•�”�Z�,�Š�Œ�•�’�Ÿ�Š�•�’�—�•�1�•�ž�—�Œ�•�’�˜�—�1�˜�•�1�������Z���1
[34�þ�1�Œ�˜�ž�•�•�1�‹�Ž�1�Ž�—�‘�Š�—�Œ�Ž�•�ð�1� �‘�’�•�Ž�1�’�—�‘�’�‹�’�•�’�—�•�1�Š�Œ�•�’�˜�—�1�˜�•�1�™�X�W�˜�—�1���¢�Œ�•�’�—�1���&�Œ�•�”�Z�ð�\�1�Œ�‘�Ž�Œ�”�™�˜�’�—�•�1�•�ž�—�Œ-
�•�’�˜�—�1 �›�Ž�•�ž�Œ�Ž�•�1 �•�˜�›�Œ�’�—�•�1 �Ž�œ�Œ�Š�™�Ž�1 �˜�•�1 �•�‘�Ž�1 �•�Š�–�Š�•�Ž�•�1 �Œ�Ž�•�•�œ�1 �•�›�˜�–�1 �	�W�&���1 �Œ�‘�Ž�Œ�”�™�˜�’�—�•�1 �•�Ž�Š�•�’�—�•�1 �•�˜�1 �•�‘�Ž�’�›�1
�Š�Œ�Œ�ž�–�ž�•�Š�•�’�˜�—�1�’�—�1�	�X�,�Š�›�›�Ž�œ�•�ï�1Figure 3 presents these hypothetical relationships between the 
cell cycle and pluripotency functions of stress-activated OCT4A induced by DNA damage 
through activated p53.

���‘�Ž�1�‹�’�£�Š�›�›�Ž�1�•�ž�Š�•�’�•�¢�1�˜�•�1�������Z���1� �’�•�‘�1�™�X�W�������W�1� �Š�œ�1�œ�ž�‹�•�ž�Ž�•�1�Š�—�•�1�Œ�Ž�•�•�1�Œ�¢�Œ�•�Ž�1�’�—�1�•�‘�Ž�1�����W�1�Œ�•�˜�—�Ž�œ�1
returned to normal, on days 7–14 (Figure 2A ), while silencing of stress-activated OCT4A pre-
vented recovery [46�þ�ï�1���‘�’�œ�1�•�›�Š�—�œ�’�Ž�—�•�1�ž�—�•�Ž�Œ�’�•�Ž�•�1�œ�•�Š�•�Ž�1�’�—�1�	�X�1�Š�›�›�Ž�œ�•�ð�1�‹�Ž�•� �Ž�Ž�—�1�•�›�ž�Ž�1�œ�Ž�—�Ž�œ�Œ�Ž�—�Œ�Ž�1�Š�—�•�1
true self-renewal, was thus lasting as long as wtTP53 was activated by the DNA DSB.

���—�1�Š�Œ�Œ�˜�›�•�Š�—�Œ�Ž�1� �’�•�‘�1�˜�ž�›�1���—�•�’�—�•�œ�1�’�—�1�����W�1�Œ�Ž�•�•�œ�1�Š�•�•�Ž�›�1�������1�•�›�Ž�Š�•�–�Ž�—�•�ð�1�Š�1�›�Ž�Œ�Ž�—�•�1�‘�’�•�‘�,�•�‘�›�˜�ž�•�‘�™�ž�•�1
�������’�1�œ�Œ�›�Ž�Ž�—�1�›�Ž�Ÿ�Ž�Š�•�Ž�•�1�•�‘�Ž�1�’�—�•�›�’�—�œ�’�Œ�1�›�˜�•�Ž�œ�1�˜�•�1���1�Š�—�•�1�	�X�ð�1�•�ž�—�Œ�•�’�˜�—�Š�•�•�¢�1�Ž�œ�•�Š�‹�•�’�œ�‘�’�—�•�1�•�‘�Š�•�1�™�•�ž�›�’�™�˜-
�•�Ž�—�Œ�¢�1�Œ�˜�—�•�›�˜�•�1�’�œ�1�‘�Š�›�•� �’�›�Ž�•�1�•�˜�1�•�‘�Ž�1�Œ�Ž�•�•�,�Œ�¢�Œ�•�Ž�1�–�Š�Œ�‘�’�—�Ž�›�¢�1�Š�—�•�1�•�‘�Š�•�1�•�‘�Ž�1�������&�������,���
����X�,�™�[�Y�1�Š�¡�’�œ�1
�Ž�—�‘�Š�—�Œ�Ž�œ�1�•�‘�Ž�1���	���,�‹�1�™�Š�•�‘� �Š�¢�1�•�˜�1�™�›�Ž�Ÿ�Ž�—�•�1�™�›�Ž�–�Š�•�ž�›�Ž�1�Œ�Ž�•�•�1�•�Ž�Š�•�‘�1�ý36]. As well, [ 3] showed that 
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cellular senescence accompanying DNA damage or DNA damage as such favors cell repro-
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.

Figure 2. ���Ž�œ�™�˜�—�œ�Ž�1�˜�•�1�����1�,�W�1�Œ�Ž�•�•�œ�1�•�˜�1�������1�•�›�Ž�Š�•�–�Ž�—�•�ï�1�����1�,�W�1�Œ�Ž�•�•�œ�1� �Ž�›�Ž�1�•�›�Ž�Š�•�Ž�•�1� �’�•�‘�1�^�1�•���1�������1�•�˜�›�1�X�V�1�‘�ð�1�•�‘�Ž�—�1� �Š�œ�‘�Ž�•�1�Š�—�•�1
assessed at the indicated time point. (A�ü�1���Ž�•�•�œ�1� �Ž�›�Ž�1�Œ�¢�•�˜�œ�™�ž�—�ð�1���¡�Ž�•�1�Š�—�•�1�œ�•�Š�’�—�Ž�•�1�•�˜�›�1�������1�’�–�Š�•�Ž�1�Œ�¢�•�˜�–�Ž�•�›�¢�1�Š�œ�1�™�›�Ž�Ÿ�’�˜�ž�œ�•�¢�1
described [46]. DNA content was determined for at least 200 cells in each condition and is represented as a percentage. 
���›�˜�•�˜�ž�—�•�1�	�X�1�Š�›�›�Ž�œ�•�1�˜�—�1�•�Š�¢�1�X�1� �Š�œ�1�˜�‹�œ�Ž�›�Ÿ�Ž�•�1�•�˜�•�•�˜� �Ž�•�1�‹�¢�1�•�‘�Ž�1�œ�’�–�ž�•�•�Š�—�Ž�˜�ž�œ�1�Ž�–�Ž�›�•�Ž�—�Œ�Ž�1�˜�•�1 �Š�1�™�˜�•�¢�™�•�˜�’�•�1 �û�Á�Z���ü�1�Š�—�•�1�Z�—�	�W�1
�•�›�Š�Œ�•�’�˜�—�1�˜�—�1�•�Š�¢�1�[�1�‹�Ž�•�˜�›�Ž�1�•�‘�Ž�1�›�Ž�Œ�˜�Ÿ�Ž�›�¢�1�˜�•�1�•�‘�Ž�1�—�˜�›�–�Š�•�1�Œ�Ž�•�•�1�Œ�¢�Œ�•�Ž�1�™�›�˜���•�Ž�1�‹�¢�1�•�Š�¢�1�]�ï�1�ûB�ü�1���‘�Ž�1�™�›�˜�™�˜�›�•�’�˜�—�1�˜�•�1�™���
��X�,�™�˜�œ�’�•�’�Ÿ�Ž�1
cells was examined in the context of DNA content with cells sub-divided into small or large cells. In the NT control 
�œ�Š�–�™�•�Ž�ð�1�Š�•�•�1�Œ�Ž�•�•�œ�1� �Ž�›�Ž�1�™���
��X�,�—�Ž�•�Š�•�’�Ÿ�Ž�1� �’�•�‘�1�Š�—�1�Ž�¡�™�Ž�Œ�•�Ž�•�1�—�ž�Œ�•�Ž�’�1�œ�’�£�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1�û�X���1�^�V�–�ò�1�Ã�1�Z���1�X�V�–�ü�ï�1���—�1�•�Š�¢�1�X�ð�1�Š�•�•�1�Œ�Ž�•�•�œ�1
� �Ž�›�Ž�1�™���
��X�,�™�˜�œ�’�•�’�Ÿ�Ž�1�Š�—�•�1�•�‘�Ž�1�Ÿ�Š�œ�•�1�–�Š�“�˜�›�’�•�¢�1�˜�•�1�—�ž�Œ�•�Ž�’�1� �Ž�›�Ž�1�•�Š�›�•�Ž�1�û�Ã�Z���ü�ï�1���¢�1�•�Š�¢�1�[�ð�1�Œ�Ž�•�•�œ�1� �’�•�‘�1�œ�–�Š�•�•�1�—�ž�Œ�•�Ž�’�1�Š�™�™�Ž�Š�›�Ž�•�ð�1�Š�•�•�1
�˜�•�1� �‘�’�Œ�‘�1� �Ž�›�Ž�1�™���
��X�,�—�Ž�•�Š�•�’�Ÿ�Ž�ï�1���Š�•�Š�1�Š�›�Ž�1�›�Ž�™�›�Ž�œ�Ž�—�•�Š�•�’�Ÿ�Ž�1�˜�•�Á�•�‘�›�Ž�Ž�1�’�—�•�Ž�™�Ž�—�•�Ž�—�•�1�Ž�¡�™�Ž�›�’�–�Ž�—�•�œ�ò�1�ûC) Immunoblot analysis 
of TP53, OCT4A and P21CIP1 in PA-1 cells after ETO treatment. PA-1 cells were treated with non-target (ntg) siRNA 
�û�º�ü�1�˜�›�1�œ�’�������,�����[�Y�1�û�¸�ü�1�•�˜�›�1�X�Z�1�‘�1�‹�Ž�•�˜�›�Ž�1�•�›�Ž�Š�•�–�Ž�—�•�1� �’�•�‘�1�^�1�•���1�������ð�1� �Š�œ�‘�’�—�•�1�Š�•�•�Ž�›�1�X�V�1�‘�1�Š�—�•�1�Œ�Ž�•�•�1�•�¢�œ�Š�•�Ž�œ�1�–�Š�•�Ž�1�Š�—�•�1�Š�œ�œ�Ž�œ�œ�Ž�•�1
�‹�¢�1�’�–�–�ž�—�˜�‹�•�˜�4�’�—�•�1�•�˜�›�1�™�[�Y�ð�1���X�W�������W�ð�1�������Z���1�˜�›�1�	�������
�1�Š�œ�1�Š�1�•�˜�Š�•�’�—�•�1�Œ�˜�—�•�›�˜�•�1�Š�•�1�•�‘�Ž�1�’�—�•�’�Œ�Š�•�Ž�•�1�•�’�–�Ž�,�™�˜�’�—�•�œ�1�û�•�Š�¢�1�Y�1�Š�—�•�1
5). p53 was upregulated in response to ETO treatment and suppressed by siRNA-TP53. 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 and 
�’�—�•�ž�Œ�Ž�œ�1�œ�Ž�—�Ž�œ�Œ�Ž�—�Œ�Ž�ï�1�����,�W�1�Œ�Ž�•�•�œ�1� �Ž�›�Ž�1�•�›�Ž�Š�•�Ž�•�1� �’�•�‘�1�—�•�•�,�œ�’�������1�˜�›�1�������Z�,�œ�’�������1�•�˜�›�1�X�Z�1�‘�1�‹�Ž�•�˜�›�Ž�1�•�›�Ž�Š�•�–�Ž�—�•�1� �’�•�‘�1�^�1�•���1�������1�•�˜�›�1
�X�V�1�‘�1�Š�—�•�1�›�Ž�™�•�Š�Œ�Ž�–�Ž�—�•�1� �’�•�‘�1�•�›�Ž�œ�‘�1�–�Ž�•�’�Š�ï�1���›�˜�•�Ž�’�—�1�Ž�¡�™�›�Ž�œ�œ�’�˜�—�1� �Š�œ�1�Š�œ�œ�Ž�œ�œ�Ž�•�1�Š�•�1�•�‘�Ž�1�’�—�•�’�Œ�Š�•�Ž�•�1�•�’�–�Ž�1�™�˜�’�—�•�œ�1�‹�¢�1�’�–�–�ž�—�˜�‹�•�˜�4�’�—�•�ï�1
���Ž�•�•�1�•�¢�œ�Š�•�Ž�œ�1� �Ž�›�Ž�1�–�Š�•�Ž�1�Š�—�•�1�Š�œ�œ�Ž�œ�œ�Ž�•�1�‹�¢�1�’�–�–�ž�—�˜�‹�•�˜�4�’�—�•�1�•�˜�›�1�™���
��X�ð�1�������[�W�ð�1�™�[�Y�ð�1�™�X�W�������W�ð�1�������Z���1�Š�—�•�1�	�������
�1�Š�œ�1�Š�1
loading control. Republished from Ref. [46].
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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 regulators 
in the PA1-ETO model was the high heterogeneity in response, with individual cells express -
�’�—�•�1� �’�•�•�•�¢�1�•�’���Ž�›�’�—�•�1�•�Ž�Ÿ�Ž�•�œ�1�˜�•�1�������Z�1�Š�—�•�1�™�X�W�1�ûFigure 4A ). This explorative chaos continued for 
4–6 days and culminated with massive cell death selecting a small proportion (<1%) of resis-
�•�Š�—�•�1�œ�ž�›�Ÿ�’�Ÿ�˜�›�œ�ï�1���Š�›�•�’�Ž�›�1�œ�•�ž�•�’�Ž�œ�1�˜�—�1�������1�˜�‹�œ�Ž�›�Ÿ�’�—�•�1�•�‘�Ž�1�Ž�¡�•�Ž�—�œ�’�Ÿ�Ž�1�‘�Ž�•�Ž�›�˜�•�Ž�—�Ž�’�•�¢�1�Š�—�•�1���ž�Œ�•�ž�Š�•�’�˜�—�œ�1
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 self-
renewal (initiated by activating DNA repair and mesenchymal to epithelial transition), with 

Figure 3. Schematic of the response of wt TP53 cancer stem cells to genotoxic damage. P53 is activated and simultaneously 
induces p21CIP1 and OCT4A. OCT4A moderates the expression of p21CIP1 preventing apoptosis or terminal senescence 
[45, 46]. Activated p53 also downregulates the promoter of Nanog gene [ 49]. Therefore, the multipotency circuit based 
�˜�—�1���Š�—�˜�•�1�œ�•�’�–�ž�•�Š�•�’�˜�—�1�˜�•�1�������Z���1�Š�—�•�1�������X�1�ý48] (dashed lines) is interrupted. In addition, the overexpressed OCT4A 
�Š�•�œ�˜�1 �•�˜� �—�,�›�Ž�•�ž�•�Š�•�Ž�œ�1 ���������	�1 �ý50�þ�ï�1 ���Œ�•�’�Ÿ�Š�•�Ž�•�1 �������Z���1 �Š�•�œ�˜�1 �Ž�—�‘�Š�—�Œ�Ž�œ�1 �•�‘�Ž�1 �Š�Œ�•�’�Ÿ�’�•�¢�1 �˜�•�1 �Œ�•�”�Z�1 �Š�—�•�1 �•�Š�Ÿ�˜�›�œ�1 �Œ�Ž�•�•�œ�1 �Ž�¡�’�•�1 �•�›�˜�–�1
�•�‘�Ž�1�	�W�&���1�›�Ž�œ�•�›�’�Œ�•�’�˜�—�1�Œ�‘�Ž�Œ�”�™�˜�’�—�•�1�ý34�þ�1�Š�—�•�1�Š�Œ�Œ�ž�–�ž�•�Š�•�’�˜�—�1�’�—�1�	�X�ï�1���Œ�•�’�Ÿ�Š�•�Ž�•�1�™�[�Y�1�Š�•�œ�˜�1�Š�Œ�•�’�Ÿ�Š�•�Ž�œ�1�™��������ð�1�•�’�”�Ž�•�¢�1�Ÿ�’�Š�1�������Z���ï�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 
�Š�ž�•�˜�™�‘�Š�•�’�Œ�1���ž�¡�ü�1�™��������1�Š�Œ�•�’�Ÿ�Š�•�Ž�œ�1�Š�1�–�Ž�•�Š�‹�˜�•�’�Œ�1�Œ�‘�Ž�Œ�”�™�˜�’�—�•�1�ý51�þ�ð�1� �‘�’�Œ�‘�1�™�›�Ž�Œ�’�™�’�•�Š�•�Ž�œ�1�Œ�Ž�•�•�1�•�Ž�Š�•�‘�1�’�—�1�•�‘�Ž�1�	�W�1�Š�—�•�1�™�˜�œ�œ�’�‹�•�¢�1�Š�•�œ�˜�1
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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, 
�‹�Ž�•�˜�›�Ž�1�›�Ž�Œ�˜�Ÿ�Ž�›�¢�1�•�›�˜�–�1�•�Š�¢�1�]�ð�1� �‘�Ž�—�1�’�•�1�›�Ž�•�ž�Œ�Ž�œ�ò�1�ûB) Population heterogeneity is accompanied 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 
�Œ�˜�‘�˜�›�•�œ�ò�1�•�‘�’�œ�1�™�‘�Ž�—�˜�–�Ž�—�˜�—�1�’�œ�1�Ž�—�‘�Š�—�Œ�Ž�•�1�Š�•�•�Ž�›�1�’�–�™�Ž�•�’�–�Ž�—�•�1�˜�•�1�Š�ž�•�˜�™�‘�Š�•�’�Œ�1���ž�¡�ï�1���Ž�™�ž�‹�•�’�œ�‘�Ž�•�1�•�›�˜�–�1���Ž�•�ï�1�ý46].
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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].

���ž�›�1�œ�•�ž�•�¢�1�˜�•�1�������1�‘�’�œ�•�˜�•�›�Š�–�œ�1�’�—�1�������,�•�›�Ž�Š�•�Ž�•�1�����W�1�Œ�Ž�•�•�œ�1�›�Ž�Ÿ�Ž�Š�•�Ž�•�1�’�—�1�Š�•�•�’�•�’�˜�—�1�•�˜�1�	�X���1�Š�›�›�Ž�œ�•�ð�1�Š�1
strong under-replication in late S-phase (Figure 4B), the time of constitutive heterochromatin 
replication [ 46�þ�ï�1���’�–�’�•�Š�›�•�¢�ð�1�Š�›�›�Ž�œ�•�1�’�—�1�•�Š�•�Ž�1���,�1�Š�—�•�1�	�X���1�™�‘�Š�œ�Ž�1� �Š�œ�1�›�Ž�™�˜�›�•�Ž�•�1�Š�•�•�Ž�›�1���˜�¡�˜�›�ž�‹�’�Œ�’�—�1
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 in 
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-
�™�˜�œ�˜�—�œ�1 �Œ�˜�ž�•�•�1 �™�›�˜�Ÿ�’�•�Ž�1 �•�‘�Ž�1 �—�Ž�Œ�Ž�œ�œ�Š�›�¢�1 ���—�˜�’�œ�¢���1 �‹�Š�Œ�”�•�›�˜�ž�—�•�1 �˜�•�1 �•�›�Š�—�œ�Œ�›�’�™�•�’�˜�—�1 �Š�•�•�˜� �’�—�•�1 �Œ�‘�Š�˜�•�’�Œ�1
���ž�Œ�•�ž�Š�•�’�˜�—�œ�1�˜�•�1�•�Ž�—�Ž�1�Ž�¡�™�›�Ž�œ�œ�’�˜�—�ð�1� �‘�’�Œ�‘�1�Ž�—�Š�‹�•�Ž�1�œ�•�˜�Œ�‘�Š�œ�•�’�Œ�1�Œ�‘�˜�’�Œ�Ž�1�˜�•�1�•�‘�Ž�1�Š�™�™�›�˜�™�›�’�Š�•�Ž�1�Š�4�›�Š�Œ�•�˜�›�œ�1
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 -
�’�—�•�1 �Ÿ�’�Š�‹�’�•�’�•�¢�ò�1 �’�—�‘�’�‹�’�•�’�˜�—�1 �˜�•�1 �Š�ž�•�˜�™�‘�Š�•�¢�1 �Œ�ž�•�–�’�—�Š�•�Ž�•�1 �’�—�1 �Œ�‘�›�˜�–�Š�•�’�—�1 �•�›�Š�•�–�Ž�—�•�Š�•�’�˜�—�1 �Š�—�•�1 �—�ž�Œ�•�Ž�’�1
disintegration [ 46, 57�þ�ï�1 ���•�›�Ž�œ�œ�,�Š�Œ�•�’�Ÿ�Š�•�Ž�•�1 �������Z���1 �–�Š�’�—�•�¢�1 �Œ�˜�•�˜�Œ�Š�•�’�£�Ž�•�ð�1 �Š�—�•�1 �Œ�˜�›�›�Ž�•�Š�•�Ž�•�1 �’�—�1 �’�•�œ�1
nuclear concentration in individual cells, with activated AMP thr172�1 �”�’�—�Š�œ�Ž�1 �ûFigure 5A, B). 
�������,�Š�Œ�•�’�Ÿ�Š�•�Ž�•�1�™�›�˜�•�Ž�’�—�1�”�’�—�Š�œ�Ž�1�û��������ü�1�œ�Ž�›�Ÿ�Ž�œ�1�Š�œ�1�Š�1�•�Ž�—�Ž�›�Š�•�1�Ž�—�Ž�›�•�¢�1�•�Ž�™�•�Ž�•�’�˜�—�1�œ�Ž�—�œ�˜�›�1�Š�—�•�1�Š�Œ�•�’-
�Ÿ�Š�•�˜�›�1�˜�•�1�Š�ž�•�˜�™�‘�Š�•�¢�ï�1���‘�Ž�1�Ž�—�Ž�›�•�¢�1�œ�•�›�Ž�œ�œ�,�›�Ž�œ�™�˜�—�œ�Ž�1�˜�•�1��������1�’�œ�1�Š�•�œ�˜�1�•�’�•�‘�•�•�¢�1�•�’�—�”�Ž�•�1�•�˜�1�•�‘�Ž�1�������1
of p53 [58, 59�þ�1�Š�—�•�1�Œ�Š�—�1�’�—�•�ž�Œ�Ž�1�Š�1�™�[�Y�,�•�Ž�™�Ž�—�•�Ž�—�•�1�•�•�ž�Œ�˜�œ�Ž�,�œ�Ž�—�œ�’�•�’�Ÿ�Ž�1�–�Ž�•�Š�‹�˜�•�’�Œ�1�Œ�‘�Ž�Œ�”�™�˜�’�—�•�1�ý51] 
�™�›�Ž�Œ�’�™�’�•�Š�•�’�—�•�1 �Š�™�˜�™�•�˜�•�’�Œ�1 �Œ�Ž�•�•�1 �•�Ž�Š�•�‘�1 �•�›�˜�–�1 �•�‘�Ž�1 �	�W�&���1 �Š�—�•�1 �•�’�”�Ž�•�¢�1 �Š�ž�•�˜�™�‘�Š�•�’�Œ�1 �•�Ž�Š�•�‘�1 �•�›�˜�–�1 �	�X���1
�Œ�‘�Ž�Œ�”�™�˜�’�—�•�1�ý60].

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�\�1�•�’���ž�œ�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1�’�—�1�•�‘�Ž�1�Œ�Ž�•�•�1�—�ž�Œ�•�Ž�’�1�Š�—�•�1�Œ�Š�ž�œ�Ž�•�1�•�Ž�›�–�’�—�Š�•�1�œ�Ž�—�Ž�œ�Œ�Ž�—�Œ�Ž�1� �’�•�‘�1�—�ž�Œ�•�Ž�Š�›�1�•�’�œ-
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 in 
Figure 3.

�
�˜� �Ž�Ÿ�Ž�›�ð�1�’�—�1TP53�1�–�ž�•�Š�—�•�œ�ð�1�•�‘�Ž�1�Œ�Ž�•�•�œ�1���—�•�1�Š�—�1�Š�•�•�’�•�’�˜�—�Š�•�1�™�Š�•�‘� �Š�¢�1�•�˜�›�1 �™�˜�•�Ž�—�•�’�Š�•�1�›�Ž�Œ�˜�Ÿ�Ž�›�¢�1�.�1
they undergo mitotic slippage and employ polyploidy for repair and sorting the damaged 
DNA.
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Figure 5. ���ž�•�˜�™�‘�Š�•�’�Œ�1 �›�Ž�œ�™�˜�—�œ�Ž�1 �˜�•�1 �����W�1 �Œ�Ž�•�•�œ�1 �•�˜�1 �������,�–�Ž�•�’�Š�•�Ž�•�1 �������1 �•�Š�–�Š�•�Ž�ñ�1 �ûA �ü�1 ���Œ�Š�4�Ž�›�™�•�˜�•�1 �˜�•�1 �’�–�Š�•�Ž�1 �Œ�¢�•�˜�–�Ž�•�›�¢�1
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 pAMPKThr172�1 �˜�•�1 �������,�•�›�Ž�Š�•�Ž�•�1 �Œ�Ž�•�•�œ�ò�1 �ûB) OCT4A and pAMPK Thr172 
�’�–�–�ž�—�˜���ž�˜�›�Ž�œ�Œ�Ž�—�Œ�Ž�1 �’�—�1 �����,�W�1 �Œ�Ž�•�•�œ�1 �Z�1 �•�Š�¢�œ�1 �Š�•�•�Ž�›�1 �������,�•�›�Ž�Š�•�–�Ž�—�•�ï�1 �ûC) The relationship between autophagy and 
�œ�Ž�—�Ž�œ�Œ�Ž�—�Œ�Ž�ï�1 �����W�,�������1 �Œ�Ž�•�•�œ�1 � �Ž�›�Ž�1 �•�›�Ž�Š�•�Ž�•�1 � �’�•�‘�˜�ž�•�1 �˜�›�1 � �’�•�‘�1 ���Š���•�˜�–�¢�Œ�’�—�1 ���W�ð�1 �™�›�’�˜�›�1 �•�˜�1 �–�Ž�•�’�Š�1 �‹�Ž�’�—�•�1 �›�Ž�–�˜�Ÿ�Ž�•�1 �Š�—�•�1
�›�Ž�™�•�Š�Œ�Ž�•�1 � �’�•�‘�1 �•�›�Ž�œ�‘�1 �–�Ž�•�’�Š�ò�1 �Œ�Ž�•�•�œ�1 � �Ž�›�Ž�1 �‘�Š�›�Ÿ�Ž�œ�•�Ž�•�1 �Z�^�1 �‘�1 �•�Š�•�Ž�›�1 �û�•�Š�¢�1 �Z�ü�ï�1 �û�’�ü�1 �’�–�ž�—�˜���ž�˜�›�Ž�œ�Œ�Ž�—�•�1 �œ�•�Š�’�—�’�—�•�1 �•�˜�›�1 �™�W�\�’�—�”�Z�Š�ð�1
���������X�1 �˜�›�1 ���������1 �Š�œ�1 �œ�‘�˜� �—�1 �Ÿ�’�Š�1 �•�‘�Ž�1 �����	�1 �˜�™�•�’�Œ�Š�•�1 ���•�•�Ž�›�ð�1 �û�’�’�ü�1 �˜�—�•�¢�1 ���������X�1 �•�Ž�–�˜�—�œ�•�›�Š�•�’�—�•�1 �‘�’�•�‘�1 �•�Ž�Ÿ�Ž�•�1 �˜�•�1 �•�ž�—�Œ�•�’�˜�—�Š�•�1
�Š�ž�•�˜�™�‘�Š�•�¢�1�œ�Ž�š�ž�Ž�œ�•�›�Š�•�’�—�•�1�™�W�\�’�—�”�Z�Š�,�Œ�˜�—�•�Š�’�—�’�—�•�1�Š�•�•�›�Ž�œ�˜�–�Ž�œ�ï�1�û�’�’�’�.�’�Ÿ�ü�1�œ�‘�˜� �œ�1�Š�—�1�Ž�¡�Š�–�™�•�Ž�1�˜�•�1�Š�ž�•�˜�™�‘�Š�•�’�Œ�1�•�Š�’�•�ž�›�Ž�ð�1� �‘�Ž�›�Ž�1
�œ�Ž�š�ž�Ž�œ�•�›�Š�•�’�˜�—�1�˜�•�1�™�W�\�’�—�”�Z�Š�1�’�œ�1�™�Š�›�•�•�¢�1�•�˜�œ�•�ð�1�•�’���ž�œ�’�—�•�1�’�—�•�˜�1�•�‘�Ž�1�Œ�¢�•�˜�™�•�Š�œ�–�1�Š�—�•�1�—�ž�Œ�•�Ž�ž�œ�ð�1� �‘�’�Œ�‘�1�’�œ�1�•�Ž�œ�•�›�˜�¢�Ž�•�ï�1���Š�›�œ�1�½�1�W�V�1�•�–�ï�1
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 
�Œ�˜�–�‹�’�—�Ž�1�œ�Š�,�†�,�•�Š�•�,�™�˜�œ�’�•�’�Ÿ�’�•�¢�1�û�Œ�˜�—�œ�’�•�Ž�›�Ž�•�1�Š�œ�1�Š�1�ž�—�’�Ÿ�Ž�›�œ�Š�•�1�–�Š�›�”�Ž�›�1�˜�•�1�œ�Ž�—�Ž�œ�Œ�Ž�—�Œ�Ž�ü�1� �’�•�‘�1�Ž�¡�™�›�Ž�œ-
�œ�’�˜�—�1�˜�•�1��’�\�]�ð�1�Š�1�‘�Š�•�•�–�Š�›�”�1�œ�’�•�—�Š�•�ž�›�Ž�1�˜�•�1�™�›�˜�•�’�•�Ž�›�Š�•�’�˜�—�ï�1���‘�’�œ�1���œ� �’�—�•�1�™�‘�Ž�—�˜�•�¢�™�Ž���1�’�œ�1�Š�™�™�Š�›�Ž�—�•�•�¢�1
dependent on p21 and TERT [61�þ�ï�1 ���•�‘�Ž�›�œ�1 �‘�Š�Ÿ�Ž�1 �›�Ž�™�˜�›�•�Ž�•�1 �•�‘�Š�•�1 �œ�Š�,�†�,�•�Š�•�,�™�˜�œ�’�•�’�Ÿ�’�•�¢�1 �’�œ�1 �Š�•�œ�˜�1
compatible with polylploid cells (induced by DNA chemotherapy) undergoing de-poly -
�™�•�˜�’�•�’�£�Š�•�’�˜�—�1�Š�—�•�1�œ�ž�›�Ÿ�’�Ÿ�’�—�•�1�ý13, 16]. Overcoming the tetraploidy barrier in TP53 mutants, 
�‹�˜�˜�œ�•�’�—�•�1�•�‘�Ž�1�œ�Ž�•�•�,�›�Ž�—�Ž� �Š�•�1�—�Ž�•� �˜�›�”�1 �ý25, 26�þ�1�.�1 �Œ�Š�—�1�•�’�”�Ž�•�¢�1�Œ�˜�—�Ÿ�Ž�›�•�1 �•�ž�–�˜�›�1 �Œ�Ž�•�•�œ�1�’�—�•�˜�1 �������œ�1�˜�›�1
�œ�•�Š�‹�’�•�’�£�Ž�1 �•�‘�Ž�–�ï�1 ���˜�›�Ž�˜�Ÿ�Ž�›�ð�1 �™�Š�›�Š�•�˜�¡�’�Œ�Š�•�•�¢�ð�1 �•�Ž�—�˜�•�˜�¡�’�Œ�Š�•�•�¢�1 �Œ�‘�Š�•�•�Ž�—�•�Ž�•�1TP53 mutant tumor 
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 
�•�Ž�—�˜�•�˜�¡�’�Œ�1 �•�Š�–�Š�•�Ž�1 �’�—�1 �–�ž�•�Š�—�•�1 �����[�Y�1 �Œ�Š�—�Œ�Ž�›�1 �Œ�Ž�•�•�1 �•�’�—�Ž�œ�1 �˜�•�1 �Ÿ�Š�›�’�˜�ž�œ�1 �˜�›�’�•�’�—�œ�1 �•�Š�Ÿ�˜�›�œ�1 �–�’�•�˜�•�’�Œ�1 �œ�•�’�™�™�Š�•�Ž�1 � �’�•�‘�1 �Ž�¡�Š�•�•�Ž�›�Š�•�Ž�•�ñ�1 �ûA) 
�
�Y�œ�Ž�›�W�V�1�Š�Œ�•�’�Ÿ�Š�•�’�˜�—�1�‹�¢�1�–�’�•�˜�•�’�Œ�1����������1�Š�—�•�1�ûB�ü�1�Ž�¡�™�›�Ž�œ�œ�’�˜�—�1�˜�•�1�™�›�˜�•�’�•�Ž�›�Š�•�’�˜�—�1�–�Š�›�”�Ž�›�1��’�\�]�1�•�˜�•�Ž�›�Š�•�’�—�•�1�������1�•�Š�–�Š�•�Ž�1�•�Ž�•�Ž�Œ�•�Ž�•�1
�‹�¢�1�‡�,�
�X�����1�•�˜�Œ�’�ï�1���‘�’�œ�1�’�œ�1�•�˜�•�•�˜� �Ž�•�1�‹�¢�1�ûC) DNA damage sorting 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�ü�1�
�Ž���Š�1�Œ�Ž�•�•�œ�ð�1�W�V�1�	�¢�1
�’�›�›�Š�•�’�Š�•�’�˜�—�ð�1�•�Š�¢�1�Z�ò�1�ûB) MDA MB 231 breast cancer cells on day 4 after 100nM Doxorubicin treatment (in collaboration 
� �’�•�‘�1���ï�1 ���˜�’�”�˜�ü�ò�1 �ûC�ü�1 ����,���Ž�•�,�X�^�1 �Œ�Ž�•�•�ð�1 �Y�V�	�¢�ð�1 �•�Š�¢�1 �X�1 �û�’�—�1 �Œ�˜�•�•�Š�‹�˜�›�Š�•�’�˜�—�1 � �’�•�‘�1 �����1 ���Š�Œ�”�œ�˜�—�ü�ò�1 �ûD�ü�1 �����,���X�,�����1 �•�¢�–�™�‘�˜�‹�•�Š�œ�•�˜�–�Š�ð�1
�W�V�	�¢�ð�1�•�Š�¢�1�\�ï�1���Ž�™�ž�‹�•�’�œ�‘�Ž�•�1�•�›�˜�–�1���Ž�•�ï�1�ý62�þ�ï�1���Š�›�œ�1�û���ü�½�X�V�1�•�–�ò�1�û���.���ü�½�W�V�1�•�–�ï

�$�F�F�H�O�H�U�D�W�H�G���6�H�Q�H�V�F�H�Q�F�H���R�I���&�D�Q�F�H�U���6�W�H�P���&�H�O�O�V�����$���)�D�L�O�X�U�H���W�R���7�K�U�L�Y�H���R�U���D���5�R�X�W�H���W�R���6�X�U�Y�L�Y�D�O�"
�K�W�W�S�������G�[���G�R�L���R�U�J�������������������L�Q�W�H�F�K�R�S�H�Q������������

����



�œ�˜�–�Ž�1 �™�Š�œ�œ�Ž�—�•�Ž�›�œ�ð�1 �œ�ž�Œ�‘�1 �Š�œ�1 �Œ�Š�•�Š�•�¢�•�’�Œ�Š�•�•�¢�1 �Š�Œ�•�’�Ÿ�Ž�1���ž�›�˜�›�Š�1 ���1 �”�’�—�Š�œ�Ž�1 �ûFigure 6B) and Survivin 
are expressed during mitotic slippage and in resulting polyploidy interphase [ 19, 63, 64]. 
Notably, activated AMPK, responsible for the metabolic aspect of senescence-associated 
autophagy, also possesses these same chromosome passenger features [65]. 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�ü�ð�1�Š�œ�1���›�œ�•�1�›�Ž�™�˜�›�•�Ž�•�1�‹�¢�1
�
�Š�Š�•�1�Ž�•�1�Š�•�ï�1�ý66]. The autophagic nature of this sorting found by Rello-Varona et al. [ 67�þ�ò�1�‘�Š�œ�1
been reviewed previously in Ref. [ 68]. This sorting of the DNA damage through micronu -
�Œ�•�Ž�Š�•�’�˜�—�1� �Š�œ�1�˜�‹�œ�Ž�›�Ÿ�Ž�•�1�‹�¢�1�ž�œ�1�’�—�1�œ�Ž�Ÿ�Ž�›�Š�•�1�•�ž�–�˜�›�1�Œ�Ž�•�•�1�•�’�—�Ž�1�–�˜�•�Ž�•�œ�1�Š�•�•�Ž�›�1�•�’���Ž�›�Ž�—�•�1�”�’�—�•�œ�1�˜�•�1�•�Ž�—�˜-
�•�˜�¡�’�Œ�1 �•�›�Ž�Š�•�–�Ž�—�•�œ�1 �Š�œ�1 �Ž�¡�Ž�–�™�•�’���Ž�•�1 �’�—�1Figure 6 (A–C). The autophagic 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-
�–�Š�•�’�Š�—�1�Œ�Ž�•�•�1�Œ�¢�Œ�•�Ž�ï�1���˜�›�Ž�1�•�’�”�Ž�•�¢�ð�1�•�‘�Ž�œ�Ž�1�•�ž�–�˜�›�1�Œ�Ž�•�•�œ�1�Ž�¡�™�•�˜�’�•�1�•�‘�Ž�1�•�’�•�Ž�,�Œ�¢�Œ�•�Ž�,�•�’�”�Ž�1�›�Ž�•�ž�•�Š�•�’�˜�—�œ�1�˜�•�1�•�‘�Ž�1
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 TP53 and inactivate 
it, if not by mutations, then in many other ways [ 73]. Perhaps the increased ability to access 
additional routes to cell survival by overcoming senescence and repairing DNA damage as 
detailed above, also help explain this inactivation of TP53 function in tumors.
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