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Therapy resistance remains the major 

handicap in cancer treatment
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1. BRCA1-deficiency comprises a substantial 

fraction of all breast and ovarian cancers 

(mutation and promoter methylation)

2. BRCA1-deficient tumors have a poor 

prognosis

3. BRCA1-deficient cells are hypersensitive to 

DNA double strand breaks

4. This can be exploited by PARP inhibitors or 

radiotherapy 

Targeting BRCA1-deficient cancers
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Dual mode of action of PARP inhibitors:
1. catalytic inhibition (prevents PARylation)
2. trapping activity (enzyme poisoning)

no PARPi

1

2

Adapted from Lupo B., Trusolino L., BBA 2014

The principle of PARP inhibition



BRCA1-deficient cancers are hypersensitive to PARP 

inhibition



Keratin 14-Cre, Brca1flox/flox, p53flox/flox (KB1P) mouse model

Brca1 ko embryonic lethal

Tissue-specific inactivation 

p53 F

1 2  3 4 5 6  7  8 9 10 11

Keratin14 - Cre

Brca1 F

5loxP 6 11 12 137 1098

Liu et al. PNAS 2007



BRCA1 mouse mammary tumors resemble human 

BRCA1-associated breast cancer

ÅHigh grade solid carcinoma (IDC)

ÅUndifferentiated

ÅPushing margins

ÅER- PR- and HER2-negative

ÅBasal-like

ÅGenomic instability
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Brca1-deficient mouse mammary tumors are highly sensitive to 

the PARP inhibitor olaparib, but eventually acquire resistance
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HR deficiency can be rescued by the loss of 

additional factors
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- large panel of BRCA1-or BRCA2-deficient PARPi-resistant tumors analyzed(41 and 30tumors respectively)

1 2 3 4 5

resistant tumor

naive tumor

15Gy

2 h

FFPE material IF staining and
confocal imaging

automated
analysis

Ewa Gogola

In situ RAD51 IRIF formation assay
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RAD51 foci formation status:
negative
positive
not determined

56%
32%

12%

not determined

RAD51 IRIF-

RAD51 IRIF+

RAD51 IRIF formation in BRCA1-deficient PARPi-

resistant tumors



Nat Struct Mol Biol. 2010 

Cell 2010 



Loss of 53BP1 relieves enzymes to resect DSB ends and promotes HR, resulting in 

PARPi resistance of BRCA1-deficient cells

53BP1 loss restores HR and causes PARPi resistance of 

BRCA1-deficient cells

Bouwman et al. 2010; Bunting et al. 2010



Competition assay to confirm selection of knock outs 
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Xrad 225Cx

Developed by Princess Margaret Hospital (PMH, Toronto) in 

collaboration with Precision X-ray Inc (PXI, USA)



Pre-clinical mIGRT using defined GEMMs 

for breast cancer 

ÅK14cre;p53F/F

ÅK14cre;Brca1F/F;p53F/F
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Å No restoration of RAD51 foci formation in any of the 

radioresistant tumors

Å No loss of 53BP1, REV7, or RIF1

A paradox: none of the radioresistant tumors 

shows restoration of HR

Hypothesis: 

Restoration of homologous recombination through 

promotion of end-resection sensitizes BRCA1-deficient cells 

to ionizing radiation
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Promotion of end-resection sensitizes BRCA1-/- cells to IR



How the response to PARP inhibition and the response to radiotherapy might 

be reconciled

PARP inhibition: conversion of SSBs into DSBs requires passing of the replication 

fork, template for HR in close proximity

Radiotherapy: acute damage independent of cell cycle status; cells might be more 

reliant on NHEJ, explaining the radio sensitization effect.

Promotion of end-resection sensitizes BRCA1-/- cells to IR
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K14cre;Brca1F/F;p53F/F breast cancer model is useful to study 3 

mechanisms of escape from radiotherapy:

Summary

üselection of cells with an increased potential to form 

metastasis

ü lack of tumor eradication (residual disease)

üdevelopment of radioresistance
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primary tumor (A), metastasis to the neck 

(B), lung (C), kidney (D) 
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Testing stable radio-resistance of lung metastases 



Tumor control propability (TCP)

1. High doses are needed to achieve tumor control 

(D50=84Gy, follow up 6 months)

2. Still only few mice cured  (follow up 6months)

3. Tumor grows during treatment if irradiated with 2Gy 

every other day

Gy



XRAD225 in NKI
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Beam Characteristics 

EBT2 films

Scanned pre and post 
irradiation

Film @ isocenter

(1 cm in solid water)

Accuracy 

85 mm/pixel when 
scanned at 300 dpi



Why study radiotherapy responses in 

genetically engineered mouse cancer models?

ÅLack of local radiotherapy control is a handicap in the 
clinic

ÅClinical decision making for local tumor control: surgery 
versus radiotherapy 

ÅXenograft models are often hypersensitive to RT

ÅIs tumor eradication achieved with clinically relevant 
doses? 

ÅInduction of DNA damage: the question whether a DNA-
damaging drug reaches all tumor cells is not an issue

ÅUse as in situ assay for DNA damage response (e.g. 
RAD51 foci)



BRCA1- or BRCA2-deficient cells are sensitive to 

poly(ADP-ribose) polymerase (PARP) inhibition

Nature 434:917-21, 2005 Nature 434:913-7, 2005


