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ABSTRACT 
  Background and Hypothesis
Oxidative DNA damage, particularly the formation of 8-oxo-7,8-dihydroguanine (8- oxodG), threatens genome integrity. Cells depend on the Base Excision Repair (BER) pathway to repair these lesions and maintain genomic stability. Beyond its canonical repair function, BER has been recognized over the past 15 years as a regulator of transcription, highlighting its broader biological significance.
Our laboratory demonstrates that inhibiting key 8-oxodG-BER proteins, such as APE1 and XRCC1, sensitizes cancer cells to oxidative DNA-damaging agents through synthetic lethality, while sparing normal cells. This suggests that disruption of BER activity promotes accumulation of toxic DNA intermediates, leading to increased genome instability and heightened cancer cell susceptibility to genotoxic stress. Despite these advances, the exact molecular mechanisms behind this vulnerability and reliable biomarkers for predicting treatment response remain unclear.
Aims
This project focuses on three primary objectives:
· Characterize functional and structural chromatin alterations caused by BER deficiency following MYC and ER oncogene activation.
· Investigate the formation of double-strand breaks (DSBs) at fragile CTCF-defined chromatin loops in BER-deficient cells.
· Elucidate molecular mechanisms linking BER deficiency with non-canonical DNA structures (such as R-loops and G-quadruplexes) and transcription-associated DNA damage.
Experimental Design
We use genetically engineered human cell models with targeted knockouts of key BER genes to simulate BER deficiency. Transcriptional stress is induced by controlled activation of MYC and ER oncogenes. We apply a multi-omics approach (including RNA sequencing, GRO-Seq, ChIP-seq, R-loop and G4 mapping, DSBs profiling, and 3D chromatin architecture analysis) to investigate how BER loss affects transcriptional regulation, chromatin structure, and genome stability.
Expected Results
We expect transcriptional deregulation and genome instability to arise as direct consequences of BER deficiency under oncogene-induced transcriptional stress. We anticipate identifying BER-sensitive genomic regions that act as hotspots for DNA damage

 (
accumulation. These findings will elucidate how BER activity maintains transcriptional fidelity and chromatin organization during oncogenic stress, providing mechanistic insights into BER’s protective role in safeguarding genome integrity.
Impact
 
on
 
Cancer
This research deepens our understanding of the BER pathway’s role in transcription regulation and genome maintenance during oncogenic stress. By mapping vulnerable genomic
 
regions
 
and
 
uncovering
 
the
 
molecular
 
basis
 
of
 
BER-related
 
instability,
 
the
 
project reveals novel therapeutic targets and predictive biomarkers for cancers with BER deficiencies. These insights will support the development of synthetic lethality-based treatment strategies and contribute to more precise, personalized cancer therapies.
)
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