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InTRODuCTIOn 

The human body consists of trillions of cells containing DNA – a double-stranded helix 
encoding proteins that are critical for proper functioning of our cells, tissues and organs. 
DNA is constantly exposed to  endogenous and exogenous factors that threaten its 
integrity, including toxic by-products of metabolic processes, chemical compounds, 
ionizing radiation and ultraviolet light. To restore the various types of DNA damage, 
cells evolved intricate repair mechanisms (Fig. 1). For instance, DNA adducts, crosslinks 
and other helix-distorting lesions can be restored by mismatch repair (MMR), nucleotide 
excision repair (NER) or base excision repair (BER), which replace the damaged bases or 
nucleotides. Single-strand breaks (SSBs, or nicks) are usually processed by dedicated SSB 
repair mechanisms or BER. These tasks are relatively simple, because the interrupted 
nucleotide sequence can be copied from the intact strand. The repair of the double-
stranded breaks (DSBs) is more challenging, because both DNA strands are disrupted 
and the information required for repair is missing. There are two major DSB repair 
pathways: homologous recombination (HR) and non-homologous end joining (NHEJ). HR 
is an ingenious mechanism that can use a homologous DNA fragment, available after 
DNA replication, to faithfully repair DSBs. NHEJ, on the other hand, is a mechanistically 
straightforward but error-prone process that directly rejoins the two broken ends, often 
resulting in loss or addition of nucleotides. There is a significant degree of functional 
overlap between the pathways, so that a lesion or a repair intermediate can induce – or 
be channeled into – multiple repair mechanisms. 
 Incomplete or improper repair of DNA lesions can cause mutations or rearrangements 
of DNA segments. These events usually lead to cell death, but sometimes present the 
cell with a growth advantage, which may contribute to the development of cancer. DNA 
repair mechanisms are thus essential for the maintenance of genome integrity. However, 
the repair mechanisms also protect DNA of cells that already underwent oncogenic 
transformation. This is relevant, because radio- and chemotherapy – commonly applied 
anti-cancer treatments – induce an overload of DNA damage to eradicate the tumors. 
Efficient DNA repair thus effectively shields cancer cells from the cytotoxic effects of 
therapy. In this context, inhibition of DNA repair can improve the outcomes of anticancer 
therapies.
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Figure 1. Schematic overview of the types of DNA-damaging agents (left panel) causing specific DNA lesions 
(middle panel), which are repaired by dedicated repair pathways (right panel).
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SCOPE OF THE THESIS

The work presented in this thesis revolves around the two-faced properties of DNA repair. 
In the first part, we investigate the basic mechanisms driving HR during repair of SSBs and 
DSBs. The second part explores new strategies to enhance the effects of tumor-targeting 
radio- and chemotherapy by inhibition of HR. Fig. 2 gives an overview of the scope of the 
thesis, that is further described in detail below.
 
PART I: The basic mechanisms driving homologous recombination in vitro and in vivo
In chapter 2, we summarize the current understanding of nick-initiated HR (nickHR), a 
mechanism which seems to be at least partly distinct from the better-known DSB-initiated 
HR (DSBHR). In chapter 3, we describe the development of approaches that exploit the 
recently developed DNA-editing CRISPR/Cas system to quantify nickHR and DSBHR in vitro. 
This chapter provides a detailed guide for the design and use of this system in mammalian 
cells. In chapter 4, we utilize the CRISPR/Cas system to study the mechanisms underlying 
nickHR. In chapter 5, we shift our attention to the classical DSBHR pathway, which has been 
extensively explored in vitro, but is poorly understood in the context of living organisms 
and tissues. In this chapter, we apply the recently developed inducible DR-GFP (iDR-GFP) 
mouse model to visualize and quantify HR in vivo. 

PART II: Inhibition of homologous recombination to enhance anticancer therapies
Exposure of tumors to elevated temperature (hyperthermia) is a clinically-applied treat-
ment that sensitizes cancer cells to various DNA-damaging anticancer therapies. These 
sensitizing effects are at least partly mediated by inhibition of DNA repair pathways. In 
chapter 6, we review the known effects of hyperthermia on DNA repair, highlighting 
mechanisms that are relevant for cancer therapy. In chapter 7, we describe a novel 
therapeutic strategy, involving addition of an inhibitor of poly-(ADP-ribose)-polymerase 
1 (PARP1) to conventional therapy consisting of hyperthermia and the DNA-crosslinking 
agent cisplatin. We focus on cervical cancer cell lines, because hyperthermia is regularly 
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Figure 2. Schematic overview of the scope of the thesis. The numbers correspond to the thesis chapters. 
BER - base excision repair; CSCs - cancer stem cells; HR - homologous recombination; HSP90-i - heat shock 
protein 90 inhibitor; HT - hyperthermia; NHEJ - non-homologous end joining; PARP1-i - poly-(ADP-ribose)-poly-
merase 1 inhibitor; SSBR - single-strand break repair.
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applied in treatment of cervical cancer. In chapter 8, we test a different approach 
to increase the thermosensitivity of cervical cancer cells by addition of a heat-shock 
protein 90 (HSP90) inhibitor to combinational therapy consisting of hyperthermia and 
radio-/chemotherapy. In chapter 9, we discuss the hypothesis that therapies involving 
hyperthermia have the potential to target the so-called cancer stem cells (CSCs). CSCs are 
notoriously difficult to eradicate, due to their high therapy resistance and are associated 
with cancer aggressiveness, metastasis and poor prognosis. In chapter 10, we summarize 
the major findings of this thesis.




