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Preface

Do you believe in coincidence? My instinct says 

is it that in a room full of patients diagnosed with 
the same subtype of cancer, due to a defect in the 
same gene, and treated in the same way, some 
patients are faced with a relapsing tumor soon after 
treatment is initiated, while others live disease-free 

motivation to the work presented in this thesis, 
which is focused on the subgroup of breast tumors 

this defect can be therapeutically targeted using 

work centers on identifying genetic interactions 
that may be able to explain why some of these 

have provided valuable insights in the regulation 

may interest not only the fundamental biologist, 
but may also serve a purpose in gene targeting 
and, hopefully, may be translated to improve 

inhibition, but also expose a new vulnerability that 
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Cancer Chess:

Molecular Insights 

Into PARPi Resistance

General Introduction
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The Cancer Chess Analogy

From a more distant perspective, cancer treatment resembles a game of chess where 

of chess pieces can be moved making it challenging to identify the right move for each 

Moreover, since the number of possible moves is not endless it is theoretically possible 

molecular mechanism thought to be at the basis of the successful clinical exploitation 

Personalized medicine: a shift in focus

The central dogma to cancer treatment is, and has been for many decades, to 

current interpretation of personalized medicine is aimed at improving cancer treatment 

genomes can be highly complex: tumor cells contain many genetic changes compared 
to normal cells, comprising single base changes, insertions, deletions, copy number 

This is further complicated by the realization that even within an individual tumor not 
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Lessons learned from targeting driver signaling pathways

One approach in personalized medicine is to target the key signaling pathways 

vemurafenib, which improved the survival of patients with this subset of melanoma 

mechanisms have been described to reactivate MAPK signaling and drive resistance 
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drug holiday restored the resistant cancer cells to their original state, by which they 

 More recently, it was shown that MAPK reactivation increases the cellular levels 

provides an opportunity to improve the outcome of targeted treatment in one-two 

Exploiting synthetic lethality for cancer treatment

While therapeutic targeting of key signaling pathways can be successful, there are 

normal physiology of somatic cells, and therefore the therapeutic window may not 

 Another promising approach in personalized medicine is to exploit the concept 

“Gene B”, will be toxic selectively to tumor cells, since somatic cells have no defect 
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carriers often show loss-of-heterozygosity (LOH) of the wild type allele resulting in a full 

characterized by a high extent of DNA copy-number alterations indicating that these 
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the majority of patients are eventually faced with a recurrent tumor that has become 

must be overcome to achieve long-lasting responses in more patients, even when 

mechanism-of-action and resistance mechanisms may aid the design of rational 

 

to detect damaged DNA, including single-strand DNA (ssDNA) nicks and ssDNA breaks 

the C-terminal catalytic domain, which uses NAD+ as a substrate to impose negatively 
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the chromatin environment by facilitating nucleosome eviction, which enhances 

supercoiling ahead of the replication fork by making a ssDNA incision, but can also arise 

on the opposite strand, or indirectly when an incoming replication fork collides with 

this allows the sensing and repair of replication obstacles prior to their collision with 

way chicken-foot structures back into three-way structures using its helicase activity to 

However, fork reversal inherently creates a one-sided DSB at the replication fork and 
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Mechanism of action of PARPi

DSBs are one-sided, these repair activities drive the formation of non-viable chromatid 

This trapping ability is correlated with its cytotoxicity: the most potent “trapper” has 

complexes might induce replication fork stalling, ultimately leading to replication fork 
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in vitro and in vivo model systems 

Bringing Double-Strand Breaks to a Close

Two pathways for DSB repair

mechanisms have evolved to resolve DSBs that occur in a variety of cellular contexts 



568795-L-sub01-bw-Barazas568795-L-sub01-bw-Barazas568795-L-sub01-bw-Barazas568795-L-sub01-bw-Barazas
Processed on: 9-11-2021Processed on: 9-11-2021Processed on: 9-11-2021Processed on: 9-11-2021 PDF page: 16PDF page: 16PDF page: 16PDF page: 16

cascade to recognize DSBs, make the chromatin accessible, and modify the DSB ends 

overhang is protected from the formation of secondary structures by the binding 

during or post-replication, while at the same time allowing NHEJ activity on the 
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Upon recognition of a DSB, a signaling cascade is initiated which changes the chromatin 

mature B-cells, which are restricted to the production of antibodies (immunoglobulins) 

regions - in the heavy chain locus (IgH) is followed by a recombination event in the heavy 

high density and staggered position of deoxyuracils in switch regions, the repair process 

the driving force to generate diversity in the antigen binding domain of immunoglobulins 
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The protein complex that mediates the formation of T-loops is the Shelterin complex, in 

NHEJ as it was shown to be rescued by the depletion of core NHEJ components such 

promoting DSB repair by NHEJ, rather than being an essential component of the NHEJ 

protein was shown to facilitate repair via NHEJ of dysfunctional telomeres and cause 

dispensable in this context suggesting the existence of additional layers of regulation 

 

two nuclear localization signals (NLS), a coiled-coil (CC) motif and a C-terminal 
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predisposing pathogenic mutations tend to cluster in these domains and impair the 

Releasing the break on DSB resection

actively occluded from the core of the break site and gets redistributed to the periphery 

interaction and the activity of CtIP to promote end resection are mediated by CDK 

cells can be reduced by the expression of a phosphomimicking mutant of CtIP that is 
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 The regulation is likely more complex as in early S phase not all the DNA has been 
replicated and therefore not all DSBs that occur in S phase cells are suitable for repair via 

 

 
 

mice are hallmarked by a high degree of genomic instability and are prone to tumor 
 was inactivated 

in the  background had a low incidence of tumor development and showed 

resistance could be reversed by inhibition of ATM signaling supporting the notion that 
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Scope of This Thesis

a hurdle that must be overcome in order to maximally exploit this synthetic lethal 

to grasp the counter-moves that may be played by resistant tumors as the molecular 

been shown that the removal of this “brake” allows DSB ends to be resected with 

mechanisms and its implications for cancer treatment remain unexplained, which is 

The second model implies the existence of additional proteins that may be inactivated 
in cancer cells to withstand treatment, thus suggesting that our view on the 
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in vivo
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