K 4

FAL (B 5 BF)

¥R F T

PR G- O H A

PN G- OB

EVA

WA LB

® ThE

i+ (F7)

b K H 5 2165 =5

2020 FF 3 H 24 H

BT ER BRI
SO IS 6 5% 5 1 THR%

Comprehensive search for genetic predisposition to breast

cancer based on multigene panel testing
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Breast cancer is the most common cancer in women. It has been a long-
known disease about its pathological conditions. Approximately 10% of
women develop breast cancer during their lifetime. There are several subtypes
of breast cancer, and appropriate treatments are selected based on the
subtypes. For example, PARP inhibitor has been demonstrated to be very
effective in treating for patients with triple negative breast cancer (TNBC).
The presence of germline mutations on specific genes can be a marker for
selecting effective treatments. With advancements in DNA sequencing
technologies, many genes including BRCA1/2 have been shown to be
associated with breast cancer. Recently, multigene panel testing has been
conducted to detect pathogenic variants in breast cancer patients. However,
there are several issues such as selection of appropriate genes and lack of
information for accurate classification of pathogenic variants in populations
other than European-descent populations. In this doctoral thesis, I attempted
to search for pathogenic germline mutations in Chinese patients with breast
cancer using multigene panel testing.

I investigated genotype-phenotype correlations in Chinese patients with
breast cancer by using next-generation sequencing data for 54 breast cancer
predisposition genes. First, I conducted multigene panel testing for 583
Chinese patients with breast cancer. | detected 78 pathogenic mutations

comprising 43 single nucleotide variants (SNVs) and 35 short insertions and



deletions (INDELs). In other words, 14.2% of the patients had pathogenic
mutations (83/583). The utility of the multigene panel was demonstrated by
the fact that the pathogenesis of a larger number of the patients was
identified compared to genetic testing focusing only on BRCA1/2.
Furthermore, | showed that pathogenic germline mutations were associated
with several clinical features of breast cancer including TNBC and
histological grades. On the other hand, | found that there were two issues
emerged: 1) Even after the 54 genes were evaluated, the proportion of the
patients whose pathogenesis were not clearly explained was still high, and 2)
a large number of variant of uncertain significance (VUS) was detected as the
bad side of using the multigene panel.

Second, | focused on the fact that a general application of pathogenic
mutation search was limited to SNVs and short INDELs. | hypothesized that
exploration of intermediate-sized INDELs (50 bp to 10,000 bp) in breast
cancer patients was useful to resolve the first issue emerged in the previous
chapter. By examining intermediate-sized INDEL by using a state-of-the-art
tool together with deep bioinformatics analyses, | identified a novel
intermediate-sized deletion—insertion in PTENa, which can be a disease risk
factor for breast cancer and illustrated the importance of examining
intermediate-sized INDELs in multigene panel testing. To my best knowledge,
this is the first report of pathogenic mutation on a translational variant of
PTEN gene in breast cancer.

Third, | formulated a methodology to assess the association between the
burden of rare and harmful VUSs and breast cancer risk. The biggest problem
in multigene panel testing is that VUSs have been detected in about 30% of

patients who underwent multigene panel testing, but VUS information has not



been fully used to determine treatment strategy. | thought that a part of VUSs
detected in the multigene panel testing were harmful mutations and could be
involved in the etiology of Dbreast cancer. | applied rare exome variant
ensemble learner (REVEL) score that was an ensemble method for predicting
the pathogenicity of missense variants to estimate functional damage for the
protein by VUSs. The results showed that VUSs, which were predicted to
have a detrimental effect on gene function at a very low frequency, were
significantly more abundant in breast cancer patients who did not have other
distinct pathogenic variants. The result in the first in the world to incorporate
the concept of the burden test and to demonstrate the association between
VUS and breast cancer.

In conclusion, the results of my study contribute to discoveries of many
of novel pathogenic germline mutations in East Asian population. In addition,
the result from the analysis for the association between VUS and breast
cancer risk will provide clues for new therapeutic strategies targeted to POP

with harmful VUS.
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