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DNA Repair, Tumor Suppression and the Aging Process:  
In Search of Mechanisms and Markers

Failure to repair DNA double-strand breaks (DSBs) causes immunodeficiencies, chromosome instability 

syndromes and progeria. Error-prone repair causes genomic instabilities that accelerate the multistep 

process of tumorigenesis. We developed assay systems for the analysis of all DSB repair pathways in 

immortalized and primary cells from different organs. The power of pathway-specific testing to detect 

even subtle DSB repair deficiencies was documented by testing cells derived from a series of Ataxia 

telangiectasia, Nijmegen breakage syndrome and Fanconi anemia patients as well as from a collection 

of breast cancer patients with mutations in BRCA1, BRCA2 or CHEK2. Having identified a phenotypic 

signature that captures various defects resulting from breast-cancer-predisposing alterations, we 

performed the first case-control study for prospective evaluation of this potential biomarker in 

peripheral blood lymphocytes. The results showed that error-prone DSB repair activities were elevated 

in women with familial risk (Fig. 1) and in breast cancer patients of young age. Importantly, the risk-

specific signature also captures synthetic lethal interactions with inhibition of PARP1, which has become 

an extremely promising target for therapies selectively eliminating repair-defective tumor cells.

Combined use of DSB repair testing, genomic PCR and quantitative analysis of nuclear structures 

indicative for DNA lesions, repair intermediates and/or enzyme complexes elucidated particular 

mechanisms underlying genetic destabilization in hematopoietic malignancies such as upon expression 

of BCR-ABL or constitutive NF-kB activation (Fig. 2). Further projects are aimed at the identification 

of novel disease-causing genes, synergies between cancer susceptibility and modifier genes through 

combination of functional testing (patient families/cohorts, mouse models) and genotyping (siRNA 

screen, whole exome sequencing) as well as the mechanistic characterization of the development of 

secondary, therapy-induced leukemias with implications for risk prediction. 

Interestingly, recent literature has described the striking links between replicative senescence, 

telomere maintenance, aging and DSB repair. We characterized the role of and functional interactions 
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between different aging-related proteins in DSB repair such as ATM, Fanconi anemia gene products, 

SIRT1, p53 and PARP1. The challenge is now to understand the details of how DSB repair is regulated 

during the aging process in differentiated versus stem cells. Regarding DSB repair and its accuracy 

in hematopoietic stem cells, data are scarce and in part contradictory. Regarding DNA repair as a 

function of age in human beings, first data sets suggest that age exacerbates chromosome damage. 

However, the underlying mechanisms have remained enigmatic and emphasize the need for systematic 

investigations. Taken together, the purpose of our 

research is to understand the molecular details 

of DNA damage response mechanisms and their 

deregulation during aging, carcinogenesis and in 

chromosome instability syndromes. Our ultimate 

goal is to develop biomarkers to monitor/detect 

age-related processes, cancer risk, and therapeutic 

responsiveness.

Predictive power of error-prone DSB repair activities for discrimi-
nation between high-risk individuals versus controls. Our team 
previously showed that a shift from error-free HR to error-prone 
repair pathways using the DNA substrates EJ-EGFP, D-EGFP/3’EGFP, 
and HR-EGFP/3’EGFP can be detected in lymphoblastoid cells from 
individuals with breast-cancer-predisposing mutations. Consequently, 
we performed the first case-control study for prospective evaluation of 
this potential biomarker in peripheral blood lymphocytes from 35 in-
dividuals of high breast and ovarian cancer risk families, 175 sporadic 
breast cancer patients, and 245 healthy donors. We found increases of 
error-prone repair in women with familial risk versus controls particu-
larly when applying substrate HR-EGFP/3’EGFP (Odds Ratio 4.05).

Role of NFkB in DSB repair. DSBs were induced by exposure to the 
radiomimetic drug bleomycin (bleo) alone or in combination with 

the NFkB activator TNFα. To visualize various stages of DSB repair, 
cells were processed for immunolabeling of 53BP1 indicative of 

DSBs, for RPA indicative of single-stranded DNA, and Rad51 indica-
tive of the HR machinery. Focal signals in the DAPI-stained nucleus 

were analyzed on an Olympus BX51 epifluorescence microscope 
and quantified by AnalySIS software including the mFIP module. 

From these and further data published in Volcic et al. 2012, a 
model of NFkB-dependent DSB repair regulation was proposed.
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