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Abstract 

 

Cancer is a disease driven by genomic structural alterations that reprogram cellular behaviour 

and genomic architecture. While ribosomal DNA (rDNA) arrays are critical for maintaining 

genomic stability and driving ribosome biogenesis, the functional impact of somatic rDNA 

Copy Number (CN) fluctuations in carcinogenesis and its implications in the tumor immune 

microenvironment remain uncharacterized.  

To address this gap, this thesis developed a bioinformatic pipeline to estimate rDNA CN from 

germline and tumor whole-genome sequencing data across six distinct tumor cohorts. By 

tracking somatic copy number alterations driven by tumor proliferation, this analytical 

framework integrated genomic, transcriptomic and clinical data to evaluate the metabolic and 

immune consequences of rDNA instability on the tumor microenvironment. Multivariate Cox 

Proportional Hazards models demonstrated that 45S rDNA CN predicts lineage-dependent 

patient survival phenotypes and immune microenvironment variations. Furthermore, this 

analysis also revealed that certain 45S CN somatic fluctuation trajectories generate metabolic 

upregulations that cause replication stress, inflammatory cascades and immune responses, 

particularly within skin cutaneous melanoma and luminal A breast cancer.  

This project establishes baseline 45S CN and its somatic alterations as significant factors that 

influence the transcriptomic, immunogenic and clinical aspects of tumor proliferation. 

Although the application of the pipeline revealed tissue-specific heterogeneity and resolution 

limitations, these findings demonstrate the potential of rDNA copy number as a key component 

of pan-cancer proliferation, immunogenicity and patient survivability.  
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