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Hereditary breast and ovarian cancer (HBOC) syndrome is a condition in which individuals have an increased risk
of developing different types of cancer when compared to the general population. BRCA1 repair associated
(BRCA1) and BRCAZ repair associated (BRCA2) genes are tumor suppressor genes that play a crucial role in cell,
by repairing DNA damage.
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| 1. Hereditary Breast and Ovarian Cancer Syndrome

Cancer is a heterogeneous and mostly non-hereditary disease. Considering breast and ovarian cancers, most
occur sporadically, resulting from mutations that occur in somatic cells. However, there are cases where genetic
alterations are transmitted to offspring. Hereditary breast and ovarian cancer (HBOC) is an autosomal dominant
inherited syndrome characterized by a high risk of breast cancer, in both genders, associated or not with ovarian

cancer, including fallopian tube cancer and primary peritoneal cancer, in females 2],

HBOC is mostly caused by germline deleterious mutations in BRCAI DNA repair associated (BRCAI1)
and BRCAZ2 DNA repair associated (BRCAZ2) genes and they affect all ethnic groups and races. In the general
population, excluding the Ashkenazi Jewish population, mutations in BRCA1 and BRCAZ2 genes are estimated to
have a frequency between 1:400 and 1:500. However, in the Ashkenazi Jewish population, the frequency of causal
variants is 1 in 40 2, These genes are tumor suppressor genes that play a crucial role in the cell, so when
mutated they lead to the development of dysfunctional proteins, unable to exert the DNA repair function. Non-
repaired DNA leads to genetic instability with an increased risk of malignancy 2Bl Affected individuals tend to

develop these types of cancer earlier, usually before 50 years of age LI2I4],

BRCA1 and BRCAZ2 Genes

DNA, which harbors genetic information, is the most important structure at the cellular level and is constantly
suffering damage caused by internal and external factors. Repairing these injuries is crucial for the proper cell
function [&. Tumor suppressor genes are important for the normal functioning and development of the organism,
constituting the key to the regulation of cell division. From these genes, specific proteins are encoded with several

functions in the cell &,
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The BRCA1 and BRCAZ2 genes were first linked to breast and ovarian cancer susceptibility by Mick and colleagues
in 1994 (BRCA1) and by Wooster et al., in 1995 (BRCA2) [,

These are tumor suppressor genes responsible for repairing DNA double-strand breaks, allowing genomic stability
to be maintained. In addition to the repair function, these genes control centrosome dynamics, chromosomal
segregation, and cytokinesis, and stabilize the genome temporally and spatially in the cell cycle. Thus, an
interruption in these cellular functions leads to genomic instability as well as the emergence of a carcinogenic
environment. In addition to the different roles that these genes play, BRCA1 is involved in other functions, such as
in onset of breast and ovarian cancer, healthy embryonic development, centrosome replication, and brain size
(Figure 1) [,
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Figure 1. BRCA1 and BRCAZ2 tumor suppressor genes and the role of their proteins in cell. BRCA 1 and BRCA2
proteins are encoded by these genes and play a crucial role in DNA damage repair, allowing the maintenance of
genomic stability. Additionally, BRCAL protein is involved in centrosome replication, health embryonic development,
and brain size. Created with BioRender.com.

The BRCA1 gene is located in region 21.31 of the long arm of chromosome 17 (17g21.31). It is composed of 24
exons, 22 of which are coding, spread over 100 kb of genomic DNA. More than 1700 mutations in this gene have
been described, with more than 800 being associated with tumor incidence susceptibility. This gene is responsible
for encoding and synthesizing the BRCA1 protein (Figure 1) BIZIE]

The BRCA1 protein consists of three essential domains for its multiple functions: an amino terminal region (N-
terminal), a central region, and a carboxyl terminal (C-terminal). The N-terminal region contains the RING finger
domain, which is essential for the association with the BRCA1l-associated RING domain protein 1 (BARD1) and
formation of the BRCA1 complex with the E3 ubiquitin ligase. The central part of BRCAL contains two nuclear
localization signals (NLS) and a CHEK2 phosphorylation site. Finally, the C-terminal is constituted by the coiled-coil
domain, which associates with PALB2, and by two BRCA1 C-terminal (BRCT) domains that mediate the interaction
with important proteins, such as BRCA1-A complex subunit (ABRAXAS), BRCALl-interacting protein C-terminal
helicase 1 (BRIP1) and C-terminal binding protein 1 interacting protein (CtIP). Several inherited cancer-associated
BRCAL1 mutations have been found within the RING domain and BRCT domains, which indicates that both
domains are involved in the suppression of breast and ovarian cancer (Figure 2) 2],
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Figure 2. Schematic representation of the functional domains of BRCA1 and BRCA2 proteins. BRCAL protein
consists of 1863 amino acids and BRCAZ2 protein of 3418 amino acids. The N-terminal region of BRCA1 contains a

RING domain that associates with the BARD1 protein. The central region of the protein contains two nuclear
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localization signals (NLS) and the C-terminal of BRCA1 contains a coiled-coil domain that associates with PALB2
and two BRCT domains that mediate interaction with different proteins. Regarding BRCAZ2, it binds to PALB2
through the N-terminal region and contains 8 BRC repeats, in the central region, responsible for its association with
the RAD51 protein. In the C-terminal region, it contains a DNA-binding domain, consisting of a helical domain, a
tower domain (T) and three oligonucleotide binding (OB) domains, which facilitates the binding of BRCA2 to DNA
lesions. Furthermore, the carboxy terminal contains two NLS domains and a TR2 domain. Created

with BioRender.com.

The BRCAZ2 gene is located on the long arm of chromosome 13 in region 12.3 (13g12.3). It is composed of 27

exons, of which 26 are coding, distributed over 384 kDa. More than 1800 mutations associated with this gene are
described [GIL9LL]

| 2. lonizing Radiation and BRCA1 and BRCA2 Mutations

lonizing radiation is responsible for causing dose-dependent DNA damage and, thus, induces the activation of
relevant signaling pathways such as DNA repair, cell cycle control, and cell death. When considering exposure to
low doses (<100 mSv), used during diagnostic medical imaging techniques such as mammography and chest x-
rays, cells show a certain adaptative response and the damage to critical cell structures is low. The adaptive
response, described by Olivieri et al., is defined as the induction of cellular resistance to genotoxic effects caused
by subsequent exposure to high-dose radiation. Additionally, damage that occurs at the DNA level can, in general,
be repaired, with recovery of function 221314 For exposure to high doses, used in radiotherapy as an oncological
treatment, they exhibit a high potential to induce cellular damage in healthy cells, such as SSBs and DSBs. Since
DSBs are very severe injuries, they are difficult to repair and can eventually result in the development of a new
cancer 13, However, although in the literature the effects of radiation seem to be well defined, in individuals with
mutations in the BRCA1 and BRCAZ2 genes, there is still a great deal of controversy regarding the effects of low

and high doses of radiation.

BRCA1 and BRCAZ genes play a key role in repairing DNA damage, which can arise because of ionizing radiation,
and in regulating the cell cycle, leading to genomic stability and tumor suppression. lonizing radiation can cause
DNA damage, either directly through ionization or indirectly through radiolysis of water. Changes at the DNA level,

such as DNA base changes, cross-linking, and DNA SSBs or DSB, are known to cause cancer.

Radiation-induced carcinogenesis may occur in individuals who have mutations in the BRCA1 and BRCAZ2 genes,
as proteins encoded by them are essential in repairing DNA damage. A loss of function in one of the proteins
encoded leads to inefficient DNA repair and an increase in genomic instability, sometimes culminating in cancer
(Figure 3) [21126],
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Cancer

Figure 3. Effect of internal and external factors on BRCA1 and BRCAZ2 genes. Mutations in these genes lead to
inefficient DNA repair, contributing to genomic instability. This instability can lead to cancer. Created
with BioRender.com.

This explains the fact that individuals who have mutations in the BRCA1 and BRCAZ2 genes have an increased risk
of developing different types of cancer, such as breast and ovarian cancers. Individuals with HBOC are often
subjected to diagnostic exams and therapeutic options that use ionizing radiation. For example, women initiate
mammography at very early ages, employing a diagnostic tool that uses ionizing radiation. Thus, it is important to
understand the role of diagnostic and therapeutic doses in patients with HBOC and whether the capacity to repair

DNA damage is different between carriers and non-carriers of mutations in the BRCA genes.
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