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English summary

Genetically engineered mouse models (GEMMs) for BRCA1-associated breast cancer have 
contributed significantly to unraveling the various functions of BRCA1. These mouse 
models are continuously being improved in order to closely mimic as many features 
of human BRCA1-mutated breast cancer as possible. GEMMs that closely resemble 
human disease are particularly vital for the development of novel treatment strategies 
for this type of cancer and studying therapy resistance. Chapter 1 of this thesis gives a 
comprehensive overview of how both conventional and conditional mouse models for 
BRCA1-related breast cancer have contributed to our current knowledge of the functions 
of BRCA1. Additionally, in this chapter is discussed how GEMMs for BRCA1-associated 
breast cancer were very useful in predicting response and resistance to conventional and 
targeted therapeutics. Lastly, some suggestions are put forward on how existing GEMMs 
for BRCA1-related breast cancer can be further improved, which is substantiated by the 
findings in several other chapters of this thesis.
 While a number of different functions have been described for BRCA1, BRCA2 
is mainly involved in the repair of DNA double-strand breaks (DSBs) by homologous 
recombination (HR). This homologous recombination deficiency (HRD) has proved to lead 
to increased sensitivity of BRCA2-deficient cells to DNA damaging agents. In addition, 
inhibition of the base excision repair (BER) pathway, for instance by inhibition of poly (ADP-
ribose) polymerase (PARP), has been shown to be extremely detrimental in HR-deficient 
cells. In Chapter 2 we describe the isolation and characterization of the first panel of clonal 
cell lines derived from independent BRCA2-deficient mouse mammary tumors. Not only 
conventional chemotherapeutic drugs, but also the PARP inhibitor olaparib, specifically 
induced toxicity in BRCA2-deficient tumor cells compared to BRCA2-proficient control 
cells. Moreover, potent synergy was observed between the alkylating agent cisplatin and 
olaparib in BRCA2-deficient tumor cells. The findings in this chapter support the use of 
PARP inhibitors, alone or in combination with platinum compounds, in the treatment of 
BRCA-associated tumors.
 BRCA1 mutation carriers mainly develop basal-like breast tumors, which are 
generally characterized by a poor differentiation grade. BRCA1-deficient mouse mammary 
tumors and tumors from human BRCA1 mutation carriers showed increased expression of 
the polycomb group protein EZH2 (Chapter 3). As EZH2 is an epigenetic repressor of genes 
required for differentiation, EZH2 could be involved in the undifferentiated phenotype 
of BRCA1-deficient tumors. Since BRCA1-deficient tumors often lack expression of the 
estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor 
type 2 (HER2), these tumors do not benefit from hormonal therapy and are associated with 
poor survival. Currently, rationally designed treatment strategies are lacking for BRCA1-
mutated breast cancers and conventional chemotherapy is the standard treatment. In 
Chapter 3 we use a GEMM to study the molecular mechanisms behind tumor development 
and evaluate whether targeting EZH2 would be a putative therapeutic strategy for 
BRCA1-deficient breast cancer. Both by knockdown experiments and chemical inhibition 
of EZH2, we show in vitro that BRCA1-deficient tumor cells are dependent on increased 
EZH2 expression and that EZH2 is a potential druggable target in BRCA1-mutated breast 
cancer.
 Only half of the hereditary breast cancer cases can be explained by mutations 
in the BRCA1 and BRCA2 genes. While thus far no other high penetrance breast cancer 
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genes could be identified, several genes have been found that confer a moderately 
increased risk of breast cancer. PALB2 is one of these moderate risk breast cancer genes, 
as mutations in the PALB2 gene lead to a 2-fold increased breast cancer risk. In Chapter 
4 of this thesis, we describe the generation of a Palb2 knockout mouse model in order 
to study the role of PALB2 in development and tumorigenesis. We observed embryonic 
lethality of homozygous Palb2 knockout mice, which could be partially rescued on a p53-
deficient background. PALB2 has been suggested to function as a haploinsufficient tumor 
suppressor, since no loss of the wild-type allele could be observed in the small number 
of PALB2-associated breast tumors that were studied thus far. However, we showed that 
Palb2 heterozygosity did not significantly affect tumor formation and characteristics in 
heterozygous or homozygous p53 knockout mice.
 Since several cancer-associated mutations have been found within the RING 
domain of the BRCA1 gene, BRCA1 RING function has been suggested to be important 
for the tumor suppressor activity of BRCA1. The C61G mutation in the RING domain is one 
of the most frequently reported BRCA1 missense mutations linked to breast and ovarian 
cancer predisposition. This mutation specifically disrupts proper formation of the BRCA1/
BARD1 heterodimer and consequently reduces its E3 ubiquitin ligase activity. We have 
introduced the C61G mutation into a conditional mouse model for BRCA1-related breast 
cancer in order to unravel the function of the BRCA1 RING domain in tumor suppression 
and therapy response (Chapter 5). We discovered that the BRCA1 RING domain is indeed 
essential for tumor suppression, as mice carrying the C61G mutation develop mammary 
carcinomas with a similar latency and characteristics as Brca1 null mice. Nonetheless, 
in contrast to BRCA1-deficient tumors, BRCA1-C61G tumors responded poorly to DNA 
damaging drugs like cisplatin and the PARP inhibitor olaparib and rapidly developed 
resistance. While we found no evidence for genetic reversion of the mutation in therapy-
resistant tumors, BRCA1-C61G tumors already showed some intrinsic capability of DNA 
repair. Therefore, we suggest that residual activity of the BRCA1-C61G mutant protein in 
the DNA damage response can explain the poor therapy response of BRCA1-C61G tumors. 
Thus, while this hypomorphic activity of the BRCA1-C61G mutant protein is unable to 
prevent tumor development, it can significantly affect therapy response.
 A few so-called BRCA1 founder mutations have been described, namely 185delAG 
and 5382insC, that account for almost all hereditary breast and/or ovarian cancer cases in 
certain ethnic populations. 185delAG and 5382insC are BRCA1 nonsense mutations that 
result in premature termination of protein translation and thereby produce truncated 
protein products. Our recent findings (Chapter 5), together with work of others, suggest 
that not all BRCA1 functionalities are equally important for tumor suppression and 
response to treatment with DNA damaging agents. The presence of mutant BRCA1 
protein products with different biochemical activities could result in differences in 
therapy response and resistance between BRCA1 mutation carriers. In Chapter 6 of this 
thesis we have studied the effects of the BRCA1185delAG and BRCA15382insC mutations on tumor 
development, therapy response and resistance in a conditional mouse model for BRCA1-
associated breast cancer. While animals carrying the Brca1185delAG and Brca15382insC mutation 
develop identical mammary carcinomas, tumors carrying the Brca1185delAG mutation have 
a considerably poorer response to HRD-targeted therapy than Brca15382insC tumors. We 
suggest that this poor therapy response of Brca1185delAG tumors is caused by expression of 
a RING-less BRCA1 protein, produced through internal translation reinitiation, which has 
residual activity in the DNA damage response. Since RING-less BRCA1 is also expressed in 
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BRCA1185delAG human breast cancer cells, this mutant protein might also contribute to the 
development of therapy resistance in human BRCA1185delAG patients.
 This thesis is concluded with a general discussion of our current understanding of 
BRCA1-related breast cancer (Chapter 7). Special emphasis is on the different biochemical 
activities of the BRCA1 protein and how these activities can affect tumor development, 
therapy response and resistance. Current conventional and targeted treatment regimens 
for BRCA1-associated breast cancer are discussed in detail. In addition, we describe how 
different BRCA1 mutations can have a specific impact on therapy response and resistance 
by affecting different activities of the protein. Finally, we provide a future perspective on 
how we could improve current therapeutic options for patients with BRCA1-associated 
breast cancer by implementing knowledge obtained from more advanced preclinical 
mouse models and clinical trials.




