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Discussion

Summary of Thesis

 The Rb proteins pRB, p107 and p130 (also called ‘pocket proteins’), have various roles 
in cell cycle progression (Chapter 1). They are essential for the regulation of S-phase entry since 
they are able to bind to and inhibit E2F transcription factors under growth inhibitory conditions, 
resulting in G1 arrest and the transcriptional suppression of E2F target genes required for DNA 
damage response and repair, chromatin structure and mitosis. In addition, abrogating the 
function of the Rb proteins affects diverse other processes beyond G1/S regulation, like the 
establishment of cohesion during S-phase, the levels of nucleotides to sustain DNA replication 
and proper chromosome condensation at mitotic entry (Manning and Dyson 2012). 
 In this thesis, we have shown that Rb protein deficient and apoptosis resistant mouse 
embryonic fibroblasts (TKO-Bcl2 MEFs) became genetically unstable when stressed by mitogen 
deprivation (Chapter 2). Mitogen-deprived TKO-Bcl2 MEFs arrested in G2 and accumulated DNA 
double strand breaks (DNA DSBs) and cohesion defects that after mitogen re-addition resulted 
in losses and gains of chromosomes in the descendent cell population. The accumulation of DNA 
DSBs occurred during S-phase due to perturbed DNA replication (Chapter 2 and 3). Mitogen-
deprived TKO-Bcl2 MEFs expressed reduced levels of nucleotide synthesis enzymes, resulting 
in reduced replication speeds (Figure 1). However, rescue of replication speeds by exogenous 
supply of nucleosides did not prevent DNA replication stress, nor the formation of DNA DSBs and 
the accumulation in G2 (Chapter 3). 
 Experiments described in Chapter 4 elucidated the S-phase defects in mitogen-deprived 
TKO-Bcl2 MEFs that were causative for the replication induced DNA DSBs. Mitogen-deprived 
TKO-p53 RNAi MEFs did not have increased levels of DNA DSBs although they also experienced 
reduced replication speeds. In contrast to mitogen-deprived TKO-Bcl2 MEFs, these cells had 
reduced levels of p27Kip1 and p21Cip1. In TKO-Bcl2 MEFs expression of these cyclin-dependent 
kinase inhibitors (CKIs) likely resulted in reduced origin firing since cyclin-dependent kinase (CDK) 
activity, a prerequisite for origin activation, was inhibited (Figure 1) (Chapter 3). This defect was 
alleviated in mitogen-deprived TKO-p53 RNAi MEFs (Chapter 4) and hence we propose that the 
elevated levels of p27Kip1 and p21Cip1 were detrimental for mitogen-deprived TKO-Bcl2 MEFs. We 
hypothesize that p27Kip1 and p21Cip1 prevent the rescue of stalled replication forks by inhibiting 
cyclin-CDK activity and in this way block the continuation of DNA replication. We will discuss this 
in more detail in the remainder of this chapter.
 In Chapter 4 we demonstrate that replication stress and/or DNA DSB formation are also 
implicated in tumor development. We have used a chimeric mouse model for retinoblastoma 
wherein both RB1 and p130 were ablated. Full-blown tumors encountered DNA replication stress 
and/or DNA DSBs since they invariably contained γ-H2AX-positive cells (Chapter 4). Moreover, 
we immunohistochemically observed high levels of p53, indicative for a mutation within the 
p53 gene. In contrast, early dysplastic lesions were mostly negative for p53, whereas half of the 
cases contained γ-H2AX positive cells. We therefore envisage that the outgrowth of incipient 
tumor cells outside their normal tissue context led to replication stress, DNA breakage and cell 
cycle arrest. Subsequent outgrowth into a full-blown tumor requires loss of p53 function, not 
only to circumvent DNA damage induced cell cycle arrest and apoptosis, but also to prevent the 
accumulation of high levels of DNA damage that can not be tolerated by cells.
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Figure 1: S-phase defects in mitogen-deprived TKO-Bcl2 MEFs
Mitogenic restriction in TKO-Bcl2 MEFs resulted in decreased nucleotide levels and up-regulation of p27Kip1 
and p21Cip1. Both inhibit cyclin-CDK activity, either directly or indirectly by activating the S phase checkpoint, 
resulting in the inability to rescue replication by dormant origin firing and, as a consequence, stalled forks 
collaps and are turned into DNA DSBs.
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