
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Summary 

 

Genomic instability has been highlighted as an emerging hallmark of 

cancer, shaping cancer cells' aggressive characteristics. Cells are subjected to 

endogenous and exogenous insults, resulting in a variety of DNA lesions, with DNA 

double-strand breaks (DSBs) being the most deleterious ones. Upon DNA damage, 

cells activate an intricate protein network known as DNA damage response (DDR), 

responsible for sensing, signaling and removing genomic lesions, thereby maintaining 

genome integrity. Cumulative evidence indicates a functional interplay among DDR, 

DNA replication, and DNA transcription machineries in normal and cancer cells. The 

shared effector proteins of these three key nuclear biological processes function in a 

well-coordinated and tightly regulated manner to keep cellular homeostasis unaffected. 

However, DNA damage poses a threat to the replication and transcription machineries, 

leading to replication and transcription stress, impairing genome duplication and gene 

expression. Moreover, recent studies highlight the central role of RNA, as well as 

proteins participating in RNA processing/metabolism, in the repair process of DSBs. A 

deeper understanding of the overlapping functions of these interconnected biological 

processes will shed light on so-far unknown aspects of cellular homeostasis, leading 

potentially to more efficient cancer interventions.   

The first part of my PhD project was to unveil the potential oncogenic role 

of p21WAF1/Cip1 (p21). In this published work, we demonstrated that upon sustained p21 
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expression, cells utilize alternative repair mechanisms to cope with increased DNA 

damage. Specifically, chronic p53-independent p21 expression was shown to result in 

elevated replication stress, followed by a parallel suppression of certain nucleotide 

repair mechanisms, like trans-lesion DNA synthesis (TLS). Combination of these 

features was found to favor DSBs formation the extent of which was even more 

pronounced by the parallel downregulation of the error-free base excision repair, 

nucleotide excision repair, and mismatch repair machineries of the cells. In addition, 

we observed a p21-driven shift from error-free, RAD51-mediated synthesis-dependent 

strand annealing (SDSA), towards the error-prone DSB repair mechanisms, single-

strand annealing (SSA), and break-induced replication (BIR) mediated mainly by 

RAD52. In summary, we provided evidence of the oncogenic role of p21 in a p53-

deficient environment, as a driving force of increased mutagenicity in cancer cells that 

shapes their aggressive characteristics. Moreover, we highlighted the role of RAD52 

as a contributing factor of genomic instability and a candidate target in cancer therapy.   

In the second part of this PhD project, we mainly focused on the interplay 

between DDR and RNA polymerase II (RNAPII) mediated transcription. In particular, 

we investigated the role of the scaffold protein, MDC1 in DNA transcription both in 

normal and cancer cells under unchallenged and genotoxic conditions. We unveiled a 

universal role of MDC1 protein as a transcription elongation factor, regulating RNAPII 

speed in the productive elongation phase. Our study implicates a central role of this 

protein in spliceosome stability and canonical pre- mRNA splicing. These functional 

aspects are shown to be tightly associated with the resistance of cancer cells to THZ1 

transcription inhibitor, revealing a potential clinical significance of our findings. In 

addition, our study signifies the importance of MDC1’s role in DNA damage-induced 

de novo RNA synthesis, which has been initially indicated as an early step in DDR. 

Collectively, our results underscore the functional interplay between DDR and DNA 

transcription with potential clinical implications.  

Together, the work presented in this thesis contributes to a better 

understanding of key biological processes in normal and cancer cells, unveiling their 

interconnected roles. These results provide new mechanistic insights into the cellular 

functions of well-established proteins including both p21 and MDC1, suggesting 

potential clinical significance for future cancer management.  

 
 


