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1. Briefly describe the project in a language understandable to non-scientists
(max. 100 words)
The objective of the project was to identify new breast cancer susceptibility genes and
variants. The search was based on next generation sequencing data from members of
Icelandic and Finnish high-risk non-BRCA1/2 families. We also continued looking for
new variants within selected BC candidate genes including both prospective screening in
families and cases/controls analysis using a 64-gene panel of known and potential breast
cancer susceptibility genes. Identification of additional susceptibility genes and variants is
essential for further development of predictive testing and it opens new avenues of
research that could lead to improvements in diagnostics and specialized treatment.
2. Summarize the major findings of the project (max. 400 words)
Whole genome or exome sequencing was performed on 50 DNA samples from 17
high-risk non-BRCA1/2 families. The sequencing data is enormous and analysing it is a
huge challenge. In this NCU project the main emphasis was on potential mutations in
protein coding regions and splice site domains. The most interesting ones were prioritized
for large-scale validation analyses in BC cases and controls. It resulted in the
identification of moderate risk variants in two new BC genes. One is a nonsense mutation
within the FANCM, which is known to be involved in the Fanconi anemia signalling
pathway. The mutation (c.5101C>T) was found to associate with BC risk in Finland but
was not detected in Iceland. It is also seen in the Swedish population and cases/control
analyses is ongoing. Interestingly, the highest mutation frequency was observed among
triple-negative BC patients, further implicating DNA repair in the etiology of this
aggressive form of BC. The other variant was identified within a gene located in the
endoplasmic reticulum. Clinically based analysis showed that the expression of this gene
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correlates with parameters that suggest poor prognosis and shorter survival in ER positive
luminal breast tumors.
Screening of selected candidate genes resulted in several new BC variants in already
known susceptibility genes, including founder mutations in RAD51C and RAD51D in
Finnish families. The SWE-BRCA extended analysis study led by Ake Borg has also
revealed new variants within genes of the BRCA/Fanconi anemia signalling pathway, all
very rare. More than 2000 prospective familial cases have been analysed using massively
parallel sequencing of 64 selected candidate genes. Included are clinically established
high-risk (BRCA1, BRCA2, TP53, PTEN, LKB1, CDH1, PALB2) and moderate-risk
(e.g. RAD51C/D, CHEK2) BC genes and the results for them are reported to clinicians
for counselling and/or further segregation analysis. Based on the current data, BRCA1
and BRCA2 mutations occur in around 12% of familial cases in Sweden but mutations in
other clinically established risk genes are rare and combined found in approximately 1%
of the cases. In Sweden, screening of geographically matched populations of 5000
controls, 5000 unselected BC cases and 2000 retrospective familial cases, using the same
64-gene panel, is used to distinguish risk variants from neutral variants.
It is clear that the complexity of the molecular epidemiology of familial BC in the
Nordic countries is high and examining larger numbers will be needed to yield a more
comprehensive understanding of familial predisposition.
3. Describe how the project has increased our knowledge of the prevention,
cause and/or cure for cancer (max. 150 words)
The objective of the project was to identify new breast cancer susceptibility genes and
variants; this was achieved as well as showing potential clinical relevance in breast cancer
of two newly identified genes. The project thus added to our knowledge of genes and
variants that increase the risk of breast cancer, that can be helpful for further development
of predictive testing, and that open up the possibility of research which eventually could
lead to improvements in diagnostics and specialized treatment. Furthermore, through the
SWE-BRCA project a new knowledge regarding truncating germline mutations in
CHEK2 (such as c.1100delC) indicate that these mutations may be of importance for
treatment of affected carriers because of the significant risk of contralateral disease.
4. Outline how Nordic cooperation has added value to this project (max. 100
words)
Added value of this Nordic collaboration is pooling of research material and research
data as well as sharing valuable experience in a highly challenging and cutting edge
research environment. The synergistic effect of our study lies in the potential follow-up
studies of identified BC genes, by pooling our large population-based sets of BC families,
unselected BC patients and unselected controls; our extensive clinical-pathological data
linked to the BC cases; our global mRNA and miRNA gene expression and array-CGH
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data already generated for up to 600 Nordic BC tumours; and our tumour tissue arrays
produced for more than 1500 breast tumours.
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