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1. CARCINOGENESIS         

Normal cell cycle 

Key cellular processes relevant for cancer 
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2. DNA DAMAGE RESPONSE       
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BRCA1 domains and binding partners
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3. BREAST CANCER         

Germline BRCA 
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4. PARP INHIBITION         







Mechanisms of PARPi resistance 

Mechanisms of PARPi resistance that restore HRR functionality 

RESISTANCE THROUGH SECONDARY MUTATIONS 



RESISTANCE THROUGH HYPOMORPHIC BRCA1 PROTEINS 
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RESISTANCE THROUGH REVERSION OF EPIGENETIC SILENCING 



RESISTANCE THROUGH REMOVAL OF A BARRIER TO DNA END RESECTION 



Mechanisms of PARPi resistance independent from HRR functionality 

RESISTANCE THROUGH MITIGATION OF REPLICATION STRESS AND SLOWED CELL CYCLE PROGRESSION  



OTHER MECHANISMS OF RESISTANCE 
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PARPi beyond BRCA 



5. BIOMARKERS OF RESPONSE TO PARPi     

 

Platinum sensitivity 



Biomarkers based on gene mutation analysis 

Germline BRCA1/2 mutations 

Targeted sequencing of HRR-related genes 



Genomic scars and mutational signatures 
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Limitations of genomic assays 



Dynamic biomarkers 

Transcriptional profiles and protein expression 



Functional assays 
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6. TARGETING DDR IN COMBINATION WITH PARPi 

Combination with DDR inhibitors 
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METHODS 





Generation of patient-derived xenograft (PDX) models 
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In vivo experiments of PDX sensitivity to PARP, WEE1 and ATM inhibitors 
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Analysis of the BRCA1/2 genes and loss of heterozygosity in PDX tumors 



Analysis of BRCA1 mRNA expression 

Exome sequencing (PDXs cohorts 1 and 2) 



BRCA1 promoter methylation 

Immunofluorescence experiments 
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Immunofluorescence scoring 
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ATM immunohistochemistry  

Reverse phase protein array (RPPA) analysis 

PDX for RAD51 assay validation (PDX cohort-3) 



HRD score 

73-gene profiling of PDX cohort-3 

Cell lines 

Cas9/mClover-LMNA homologous recombination assay 



Localization of PALB2 to laser-induced DSBs 

Protein extraction and western blotting 





gBRCA patient cohort 

HBOC patient cohort 



Statistical analysis 
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RESULTS 





PART 1             
A RAD51 assay identifies restoration of homologous 

recombination repair as the major mechanism of PARP inhibitor 

resistance in germline BRCA1/2 mutated breast cancer. 

 

The establishment of a PDX panel from gBRCA patients’ tumors 





γ

Olaparib antitumor activity in the gBRCA PDX panel distinguishes a subset of 

PARPi-resistant tumors 
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PARPi-resistant gBRCA1 PDX models do not harbor target loss or secondary 

BRCA1 mutations 

The expression of functional hypomorphic BRCA1 isoforms is associated with 

PARPi resistance in gBRCA1 PDX models 
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Loss of 53BP1 and FAM35A in PARPi-resistant gBRCA1 PDX models 
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PARPi-resistant gBRCA1 PDXs are able to form RAD51 nuclear foci 

Δ



RAD51 nuclear foci formation can be assessed in untreated tumor samples 

and is associated with PARPi resistance in PDX cohort-1 
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RAD51 foci formation in FFPE tumor samples from patients predicts response 

to PARPi 
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PART 2             
The RAD51 assay identifies homologous recombination repair 

deficient sporadic breast tumors with PARP inhibitor sensitivity. 

 

The establishment of a PDX panel from non-gBRCA patient’s tumors 

Olaparib antitumor activity in the non-gBRCA PDX panel distinguishes a 

subset of tumor highly sensitive to PARPi 
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PARPi-sensitive PDX models harbor epigenetic silencing of BRCA1 
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Somatic alterations in HRR-related genes within PDX cohort-2 
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RAD51 score is a robust biomarker to predict PARPi response in non-gBRCA 

PDX models 
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RAD51 score predicts response to PARPi in an independent PDX cohort 
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Scoring RAD51 in clinical samples identifies HRR-deficient tumors among 

patients with hereditary breast and ovarian cancer (HBOC) syndrome, 

including PALB2-related tumors 
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PART 3             
Inhibiting WEE1 and ATM induces replication stress and enhances 

the antitumor response to PARPi in BRCA1-altered tumors. 

AZD1775 antitumor activity in the PDX panel distinguishes a subset of tumors 

highly sensitive to WEE1 inhibition 
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Response biomarkers of WEE1 inhibition 

WEE1 inhibition induces accelerated mitotic entry and replication stress in 

vivo 
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WEE1 blockade in combination with PARP inhibition sensitizes BRCA1-altered 

tumors 
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ATM blockade in combination with PARP inhibition sensitizes other BRCA1-

altered tumors 
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