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Basics in cancer cell biology 

• DNA repair 

Ken A. Olaussen 
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DNA damage response and DNA repair pathways 

DNA repair and cancer 

DNA repair biomarkers in breast cancer 

DNA repair as anticancer target 

DNA repair and targeted therapies 

Perspectives and conclusions 

OUTLINE 
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Cells are continuously 

submitted to DNA damage 

• High fidelity of DNA replication machinery : = 10-10  spontanous mutations/base 

• Endogenous metabolic activities and environmental factors are continously 
affecting DNA’s integrity (oxidative stress, alkylating agents, UV radiation ...) 

• Lesions: chemical modification of DNA bases, abasic sites, base mismatches, 
chemical alkylation (adducts), intra-and inter-strand cross links, single-and 
double-strand breaks  

• Estimated number of endogenous and exogenous lesions per cell per day = 103-
106 

Ciccia & Elledge, Molecular Cell, 2010 
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Lesions/day 

• Exogenous origins of DNA damage 

• DSBs more dangerous and less frequent 

Ciccia & Elledge, Molecular Cell, 2010 
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DNA Damage Response (DDR) 
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BER pathway depends on the automodification (poly(ADP-ribosyl)ation 

(PAR) of PARP1 to release DNA from nucleosomes and recruit repair 

proteins 

Beneke, Front. Genet 2012 
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Postel-Vinay, Nat Rev Clin Oncol 2012 



IMPAKT Breast Cancer Conference 2014 

 

DSB repair pathways 

 

Decottignies, Front. Genet 2013 
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Alternative end-joining pathways 

Decottignies, Front. Genet 2013 
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Numerous interconnexions between 

pathways 

e.g. ERCC1 is implicated in several 
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« Mutability endow cancer cells with genetic alterations 

that drive tumor progression » 

Hanahan and Weinberg, Cell 2011 
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Risk alleles in breast cancer: several 

DNA-damage response or repair-related 

genes: BRCA1/2, TP53, ATM, CHEK2… 

Foulkes, NEJM 2008 
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“The balance of life” theory supports that 
DNA repair mechanisms can be an 

anticancer target 

Low DNA repair 

capacity 
Efficient DNA 

repair 

Genetic 

instability 

Genetic 

stability 

Genetic divergence 

(cancer) 

DNA damage 

CELL SURVIVAL 

CELL DEATH 

Inhibit DNA 

repair !!! 
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Rodon et al, Expert opinion 2009 

Single-strand breaks Double-strand breaks 

PARP inhibition is synthetic letal in BRCA1-

deficient tumors because HR pathway is a 

back-up pathway for unrepaired SSBs 



IMPAKT Breast Cancer Conference 2014 

 

Altered expression of DNA repair proteins in breast 

cancer cell lines with acquired resistance to the 

antiestrogens tamoxifen and letrosole  

The increase of Ligase 3 favors error-prone ALT NHEJ resulting in 

large deletions and chromosomal translocations in therapy- resistant 

cells 

Tobin et al, Mol Cancer Res, 2012 
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Cell lines with acquired resistance to 

antiestrogen therapeutics are hypersensitive 

to a combination of DNA ligase 3 (L67) and 

PARP inhibitors 

The hypersensitivity of the 

combination is followed by loss 

of efficient DSB-repair 

(although less error-prone) 

Tobin et al, Mol Cancer Res, 2012 
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DR BER NER MMR HR NHEJ 

MGMT 
PARP1 

ERCC1 

MSH2 

BRCA1/2 

DNA-PK 

ERCC1 deficient cell lines to explore synthetic 

letality with candidate drugs/pathways 
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Postel-Vinay et al. Oncogene 2013 

PARP is 

trapped onto 

the DNA by 

the PARP 

inhibitor 

leading to 

replication 

fork stalling 

and collapse 

PARP1/2 inhibitors selectively kills 

ERCC1-deficient cells 
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Breast cancer cell lines 
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FANCA mRNA expression in TNBC 

FANCA low 

FANCA intermediate 

FANCA high 

P = 0.0045 

Ribeiro E et al., PLoS ONE, 2013 

Remarkable loss of DNA repair 

proteins in TNBC compared to LABC 
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DNA repair and targeted therapies 

Valerie et al., Oncogene 2003 

Recent example: EGFR cooperates with glucose transporter SGLT1 to enable chromatin 

remodeling in response to ionizing radiation. Dittmann K, et al. Radiother Oncol. 2013 



IMPAKT Breast Cancer Conference 2014 

 Baumann M et al., Radiother Oncol, 2007  

NHEJ 

DSBs 

Radiosensitivity 

Intracellular distribution 

of DNA repair proteins 

Transcription of DNA 

repair genes 

Phosphorylation of DNA 

repair proteins 

Inhibiting PI3K/AKT and Ras/ERK pathways 

NHEJ 
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 Baumann M et al., Radiother Oncol, 2007  

Inhibiting PI3K/AKT and Ras/ERK pathways 

Intracellular distribution 

of DNA repair proteins 

Transcription of DNA 

repair genes 

Phosphorylation of DNA 

repair proteins 

Error-prone 

Alt-NHEJ 
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HRR 

Kryeziu K et al., Mol cancer ther, 2013 

Rad51/Rad50 expression 

DSBs 

Intracellular distribution 

of DNA repair proteins 

Transcription of DNA 

repair genes 

Phosphorylation of DNA 

repair proteins 

Inhibiting PI3K/AKT and Ras/ERK pathways 
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 Meyn R et al., Radiother Oncol, 2009 

DNA-PKcs phosphorylation 

(NHEJ)  

ATM phosphorylation 

(NHEJ and HRR) 

AKT and 

PI3K  

ERK 

Intracellular distribution 

of DNA repair proteins 

Transcription of DNA 

repair genes 

Phosphorylation of DNA 

repair proteins 

Inhibiting PI3K/AKT and Ras/ERK pathways 
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PI3K inhibition increases indicators of DNA damage 

such as γ-H2AX, but decreases Rad51 foci and BRCA1 

expression allowing synthetic lethality approaches 

(with PARPi) in HRR proficient cells 
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Conclusive remarks 
• DNA repair pathways important in cancer development and risk  

• Complex interactions between DNA repair pathways give new 
therapeutic opportunities (synthetic letality) 

• A more robust technology to select patients with DNA repair 
dysfonctionality is to be developed 

• TKIs can change expression, intra-cellular distribution and 
activation of DNA repair proteins 

• This indirect modulation inhibition of DNA repair might be 
combined with direct modulators (PARPi…) 

• Better understanding of fundamental DNA repair mechanisms to 
be encouraged 
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Mei-Shiue Kuo-Cassin 

Thank you ! 


