
 

 

 

 

 

 

 

 

 

 
Abstract 

Genome instability is a known hallmark of cancer. It descents from DNA damage leading to 

mutations and chromosome rearrangements. To maintain genome stability, cells have acquired an 

elaborate response to DNA damage, orchestrating its detection and repair as well as regulating cell 

cycle checkpoints controlling cell proliferation and death. This cellular surveillance system, 

known as the DNA damage response (DDR), can take different forms to meet the demands and 

challenges of specialized genomic regions. The nucleolus is one of such regions, where the 

repetitive ribosomal RNA genes (rDNA) are prone to hyper-recombination promoting genome 

instability.  

The aim of this PhD study was to investigate the specialized mechanisms guarding rDNA stability 

and their relevance for cancer. The nucleolar response to rDNA breaks was investigated using a 

CRISPR-Cas9 cell model. The data presented in this thesis elucidate a nucleolar DNA damage 

response (n-DDR) dependent on the ATM-Treacle-MRN cascade, distinct from the response 

activated upon breaks elsewhere in the genome. Surprisingly, we did not observe global activation 

of checkpoint kinases or cell cycle arrest upon breaks in the rDNA, normally seen as a consequence 

of DDR. However, we saw that rDNA damage in combination with depletion of n-DDR factors 

promoted micronucleation and cell death, demonstrating that maintenance of rDNA integrity by 

the n-DDR is central to cellular endurance. 

 

Collectively, the work presented in this PhD thesis depicts a specialized nucleolar response to 

rDNA damage, and demonstrates its importance for maintaining rDNA stability and cell survival. 
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