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(1) Installation of clinico—genetic / medical management system for patients with hereditary
breast and ovarian cancer syndrome and family members
In this research project, we return results of known causative gene mutation other than
BRCA1/2 to patients following to a National Comprehensive Cancer Network (NCCN) clinical
practice guideline. According to advices by Ethics Support Unit, we also created documents
for genetic and medical consultation and informed consent, with taking into account overseas
current situation survey. We developed a system to conduct counseling and informed consent,
and started the operation.
(2) Collection of genomic DNA from familial breast cancer patients and their family members
Blood was collected from patients with hereditary breast and ovarian cancer syndrome
(HBOC) and the DNA was extracted. BRCA mutation tests were performed on BRCA1/2 mutation
unknown cases. A breast cancer specimen was also collected from BRCA mutation—negative cases
underwent surgery. Clinical information of patients was collected on a regular basis in a
common format within the team, and registered to a clinical information database. For a family
member, saliva or blood DNA was collected.
(3) Acquisition of patient and family member genome information by NGS analysis
We performed NGS analyses of BRCAl/2mutation—negative patient and family member samples.
The analyses revealed multiple mutations in known causative genes of HBOC (4 high risk genes,
10 moderate risk genes). These mutations included the ones that were previously registered
as a pathogenic mutation or as a variant of unknown significance in ClinVar database, in

which a gene mutation is linked with a disease. Novel truncating or missense mutations, which
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were not registered yet, were also identified. Furthermore, in order to determine
pathogenicity of these mutations, a target panel for sequencing was generated. Based on a
guideline by American College of Medical Genetics and Genomics, we constructed a unique
pipeline for mutant alleles to determine whether to have pathogenicity.
(4) Refinement of responsible gene candidates for familial breast cancer through genetic
and informatics analysis
By exome analyses of BKCA mutation negative patient DNA, 47.3 predicted deleterious
missense and 17. 4 truncating mutations per sample were detected. To narrow down responsible
gene candidates, the following informatics analyses were conducted. (i) We developed and
uniformed a method to detect germline mutations by comparing the analytical results through
in—house pipelines from each of three institutions. (ii) Integrated comparative analysis
using 2049 large healthy Japanese genome database was conducted. (iii) We developed a method
to effectively accumulate family members by distinguishing whether to have disease
susceptibility. We also developed a method to effectively identify rare variants through
the family members. (iv) In cases with a cancer specimen accompanied, we developed a system
to refine mutant alleles with molecular oncology by comparison of mutant allele information
between a germline and cancer sample.
(5) Refinement of responsible gene candidates for familial breast cancer through biologic
analysis
We developed a system to introduce a mutation, which is equivalent to that observed in
patients, or a complete inactivating mutation into a relevant gene of mouse mammary
epithelium specifically using genetic editing technology so as to analyze genetic
involvement in mammary carcinogenesis. We tested several methods to establish PDX
(Patient-Derived Xenograft), by which a patient’ s breast cancer tissue is transplanted into
an immuno—deficient mouse.
(6) Analysis of pathological alleles using clinical data
We performed follow—up of cases with mutant alleles and their family members at outpatient
with genetic counseling of participating institutions. In collaboration with NGS analysis,
information analysis and validation experiment groups, we developed a system to collate
allele information with clinical and family information, and to perform integrative analysis

by extracting clinico—pathological features with clinical significance of an allele
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