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Cancer genetics : a continuous process

Stratton MR. Nature 2009

Cancer is a multi-step disease

One cell out of 1024 will have the 4 required events 

the number of cells in humans (1013-14)

the number of mitosis during life (1016)

Cancer genetics : a not so continuous process

Stratton MR. Nature 2009



• The neoplastic phenotype is heritable

– Virchow – 1858 – « omnis cellulae cellula » (every cell arises from a cell)

– David van Hansemann - 1890 – abnormal mitosis in tumor cells

– Theodor Boveri - 1914 – First modern theory of cancer genetic :

« …tumor growth is based on …a particular, incorrect chromosome 

combination which is the cause of abnormal growth characteristics 

passed on daughter cells » Zur Frage der Entstehung Maligner 

Tumoren.

Cancers are genetic diseases

Cancers are genetic diseases





Hereditary factors of cancer : 

the tumor suppressor genes

• Broca - 1866 : Breast cancer families

• Harris - 1969 : Recessive properties of cancer

• Knudson - 1971 : "two-hit hypothesis"

• Comings - 1973 : Hypothesis of recessive mutations of the same locus

• Wilson et al - 1973 : 13q14 deletion and hereditary retinoblastoma

• Cavenee et al - 1983 : LOH in 13q

• Friend et al - 1986 : Identification of RB1

Tumor suppressor genes

What is (are) the cause(s) of cancer ?

The anti-oncogenes or

Tumor Suppressor Genes



Oncogenes and Tumor Suppressor Genes converge in biologic pathways

Pathways rather than genes altered in cancers



QUESTION ?

• GENETIC 

• HEREDITARY

• THE SAME ?????



Cell 2011 144, 646-674 DOI:10.1016/j.cell.2011.02.013

Hallmarks of Cancer: The Next Generation

Douglas Hanahan, Robert A. Weinberg

Check point 
Cellc cycle



Anomalies of DNA repair leads to :
*Senescence
*Apoptosis
*Cancer



DNA DAMAGE REPAIR pathways

• SINGEL STRAND BREAKS –REPAIR (SSB-R)

• BER (Base Excision Repair) 

• NER (Nucleotide Excision Repair)

• DOUBLE STRAND REPAIR (DSB-R)

• NHEJ (Non-Homologous End-Joint)

• MMEJ (Micro-homologous End-Joint)

• HR (Homologous Recombination)

• MISSMATCH RECOMBINATION REPAIR (MRR)



DNA REPAIR PATHWAYS

Singel Strand Repair

Exogenous factors:
• UV radiation
• Ionizing radiation
• Genotoxic chemicals

Endogenous factors:
• Spontaneous or enzymatic reactions
• Chemical modifications
• Replication errors
• Replication stress



QUESTION? Base/ Nucleotide

• Nucleotide: Base+ sugar+ Phosphates





DSB repair

• Non Homologous End Joining (NHEJ)

• Alternative End Joining (AltEJ) / Microhomology-Mediated End Joining (MMEJ)

• Homologous Recombination (HR)





Consequences of DNA double-strand breaks (DSB)

Gene fusion

Gene surexpression

*

Amplification

Haploinsufficiency



CHEK2 :

Variant of Li Fraumeni syndrome 
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Ionizing radiation 

MRE11 : ATLD

NBN : Nijmegen Syndrome
ATM : Ataxia-telangiectasia

BRCA2, BRIP1, PALB2, RAD51C : Fanconi anemia

BRIP1

TP53 : Li Fraumeni syndrome 

NBN

DNA repair Cell cycle checkpoint activationApoptosis

DDR defects in human pediatric diseases

RAD51C



Germline Neoplasia

DDR defects in human pathologies

Genetic 

instability

Germline 2nd event Neoplasia

Genetic 

instability

Germline 1st event Neoplasia

Genetic 

instability

2nd event



DNA Damage Response (DDR) : BRCA2 recruitment
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Homologous Recombination
Key roles of the main breast/ovarian susceptibility genes



Synthetic letality

NHEJ MMEJ HRD



NHEJ MMEJ HRD

Synthetic letality



NHEJ MMEJ HRD

Synthetic letality



Specific killing of BRCA2-deficient tumourswith 

inhibitors of poly(ADP-ribose) polymerase.

Bryant et al. Nature. 2005;434:913-7.

4286 citations

Targeting the DNA repair defect in BRCA mutant 

cells as a therapeutic strategy.

Farmer et al. Nature. 2005;434:917-21

4323 citations

Why it is important to identify BRCAness/HRD ?

PREDICTIF FACTOR ( Biomarker for targeted therapy / Synthetic Lethality)





Rodon et al, Expert 

opinion 2009

Single-strand breaks Double-strand breaks

Certains défauts des voies de réparation de l’ADN peuvent être exploités pour 

induire la mort des cellules cancéreuses par létalité synthétique (ex.  inhibition de 

PARP dans des cancers BRCA1/2 déficients



HRR Defect (HRRd) Biomarker?

• PROGNOSTIC BIOMARKER ?

• Prediction of survival (PFS/OS/Risk) but not of a treatment

• PREDICTIVE BIOMARKER ?

• Prediction of sensibility/resistance to a treatment

• BOTH

• Predictive Risk of Hereditary Cancer

• Predictive for PARPi therapy



HRR- D Type cancers

• BREAST

• OVARIAN

• PROSTATE

• PANCREAS

• Other cancers have HRR-D



Mavaddat et al. JNCI, 2013

EMBRACE

Cumulated risk at 70y

Breast K : 60%

Breast controlateral K : 83%

Ovarian K : 59%

BRCA1

Cumulated risk at 70y

Breast K : 55%

Breast controlateral K : 62%

Ovarian K : 16%

BRCA2

PROGNOSTIC FACTOR /HEREDITARY OF CANCER





HRR-D BREAST CANCER



HRR-D BREAST CANCER



HRR-D BREAST CANCER



HRR-D BREAST CANCER



OVAIRAN CARCINOMA



OVAIRAN CARCINOMA



OVAIRAN CARCINOMA



OVAIRAN CARCINOMA



OVAIRAN CARCINOMA



PROSTATE CARCINOMA



BRCA2 is the most common HRRm in prostate cancer and 
~50% are derived from germline origin1–6



PROSTATE CARCINOMA



PROSTATE CARCINOMA



PROSTATE CARCINOMA



PROSTATE CARCINOMA



PANCREAS CARCINOMA



PANCREAS CARCINOMA



CONCLUSION HRR-D Biomarkers
TODAY 

Prognostic Biomarker / Risk Hereditary Cancer

• Germline BRCA1/2

• High Risk patients: Breast  /Ovarian / Prostate/ Pancreas

Predictive Biomarker (Reimbursement for PARPi)

• Somatic/Germline BRCA1/2

• Metastatic Castration Resistant Prostatic Cancer

• Germline BRCA1/2

• Metastatic Breast Cancer (HER2 negative)

• Metastatic Ovarian Cancer (High grade)

• Metastatic Pancreas (Castration Resistant)



ANOMALIES DETECTIONS (DDR Biomarker)

DNA RNA PROTEINE

Amplifications RNA quantity Protein Quantity 

Translocations Alternative Transcripts Protein Activity

Mutations

CGH RT-PCR Wester-Blot

FISH Transcriptional chip Immunohistochemistry

DNA seq RNA seq Enzymatic Activity

•



HRR –D Biomarker TEST



HRR –D Biomarker TEST



HRR –D Biomarker TEST



HRR –D Biomarker TEST
Gold standard NGS BRAC anomalies



CONCLUSION DDR
• Genetic/ Hereditary concept

• HRRd : Prognostic factor biomarker (ovarian , breast cancer)

• HRRd: Predictive factor biomarker 
• Synthetic lethality pathway

• Sensibility PARPi (Breast, Ovarian, Prostatic, Pancreas cancer)

• Resistance to chemotherapy (ovarian cancer)?

• Hereditary cancer biomarker: family implications/ follow up 

• NGS: Gold standard 

• Challenges to solve

• More techniques and evolution of NGS to detect significant HRRd-status

• BRCA 1/2 genes validated as predictive biomarker (PARPi) (reimbursement)

• metastatic : breast, ovarian, prostate, pancreas

• But upcoming more DRR d –genes implicated as predictive biomarker: ATM, CKEK 2, ……. 
depending on cancer subtype

• HRR-D Test? Signatures?


