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Abstract. Prevalence of germline BRCA mutations has been estimated to be about
1:1,600 women in the general population. Rate of BRCA1/2 mutations in Ashkenazi
Jews population is 98-99%. Rate of BRCA1/2 mutations in Russian population is high
—28.4%. The average woman's lifetime risk of developing breast cancer is about 12%.
In women with the BRCA1 mutation, the risk rises to about 72%, and in women with
the BRCA2 mutation, to about 69%. They are also at a higher risk of getting cancer of
a second breast after the first - the risk of developing contralateral breast cancer is about
40%. Ovarian cancer is less common: 1.3% of women in the general population.
Women with the BRCA1 mutation have a risk of about 44%, and those with the
BRCAZ2 mutation have a risk of about 17% before the age of 80. Although the most
common breast cancer susceptibility genes are BRCA1 and BRCA2, which are also
associated with the risk of developing ovarian and pancreatic cancer, advances in next-
generation sequencing (NGS) analysis technology enabled the discovery of several
non-BRCA genes responsible for breast and ovarian cancers. Studies on hereditary
breast and ovarian cancer (HBOC) involve not only determining the predisposition to
developing cancer, but also considering the current treatment for breast cancer,
prevention of next cancer, risk diagnosis, and adoption of protective measures for
relatives. We present a comprehensive review of HBOC, which will be a useful
resource in the clinical setting. Many hereditary tumors, including HBOC, are
syndromes characterized by the development of different types of cancer in succession.
Taking advantage of knowing predisposition of susceptibility to cancer, it is important
to continue and update cancer management protocols, which includes the adoption of
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preventive measures, countermeasures, and treatments, toaccurately assess and prevent
the impact of cancer on the quality of life of the next generation of patients.

Keywords: Hereditary breast and ovarian cancer , BRCA1/2 mutations, genetic test.

Introduction. Families with a history of multiple breast or ovarian cancers
approximately account for 15% of all patients with breast cancer [10], and the disease
Is termed familial breast cancer (FBC). FBC includes people who are genetically
predisposed to cancer. According to the National Cancer Institute, HBOC is defned as
“An inherited disorder in which the risk of breast cancer (especially before the age of
50 years) and ovarian cancer is higher than normal.” Most cases of HBOC syndrome
are caused by certain mutations in BRCA1 or BRCA2 HBOC patients are prone to the
development of malignant neoplasms in multiple organs including the breast, ovary,
and fallopian tube. From a pathological perspective, a number of morphological
features have been described in BRCA-associated breast and tuboovarian cancers.
People with HBOC syndrome may also have an increased risk of developing other
types of cancer, including melanoma, pancreatic and prostate cancers. This review will
discuss the current knowledge regarding hereditary breast and ovarian cancer
syndrome [29]

Characterization of BRCA1 and BRCAZ2. Fifteen years of analysis of large
multigenerational families with a strong history of breast cancer led in 1990 to the
identification of a gene on chromosome 17g12-21 that conferred a greatly increased
risk of breast cancer in an autosomal-dominant manner. The gene itself, BRCA1, was
cloned in 1994. The discovery of the complete sequence of a second such gene, BRCA2
on 13g12-13, was reported in 1995. The protein-coding region of BRCA1 consists of
5592 bp in 22 exons that encode a protein of 1863 amino acids, and the proteincoding
region of BRCA2 consists of 10,254 bp in 26 exons that encode a protein of 3418
amino acids. Studies of the interactions of these proteins led to the conclusion that they
are involved in the regulation of genomic stability and DNA repair. The BRCAL and
BRCAZ2 proteins interact through a third breast cancer tumor suppressor, PALB2

(partner and localizer of BRCA2) that serves as
a major link. A key function of the BRCA1-PALB2-BRCAZ2 pathway is to secure
proper and stable loading of the RAD51 protein

at sites of DNA lesions such as DNA double-strand breaks. RADS51 is crucial for
homologous recombination repair as well as for the protection of exposed DNA from
undergoing excessive degradation during DNA replication. Mice lacking Brcal and
BRCA2 (the murine homologues of BRCA1 and BRCAZ2) undergo developmental
arrest during embryogenesis. Furthermore, the modeling

of mice with mutations in BRCAL1 and BRCA2 revealed that such genetic changes
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display enhanced tumorigenesis. This can be modeled to take place in the murine breast
tissue, particularly when combined with the TP53 loss. Mice homozygous for a
truncating mutation of BRCAZ that survive to adulthood have a wide range of defects,
including  improper  tissue  differentiation, absence of germ cells,
and the development of lethal thymomas, and cultured embryonic fibroblasts from
these mice are unable to repair radiation-induced DNA damage. Other studies suggest
that mouse embryonic stem cells deficient in Brcal are unable to carry
out a transcription-coupled repair of oxidative DNA damage and are hypersensitive to
ionizing radiation and hydrogen peroxide. Human BRCAZ2-defective cancer cells are
also deficient in the repair of double-strand DNA breaks induced by ionizing radiation,
although individuals with germline mutations in BRCA1 and BRCA2 do not appear to
be hypersensitive to ionizing radiation.[1,14]

Cancer Risk Due to Mutations in BRCA1 and BRCAZ2. The risk for the development
of breast and tubo-ovarian cancer is approximately 10-15%. In BRCAL1 and BRCA2
mutation carriers, the risk increases to approximately 45-65% and 20-50%,
respectively [2,5,8,14]. Germline mutations in other homologous recombination genes
including BARD1, BRIP1, PALB2, RAD51C,
RAD51D, and others (all encoding proteins involved in BRCA protein stability and/or
function), have also been identified to varying degrees in breast and tubo-ovarian
cancer patients. Studies evaluating the lifetime risk of disease development in these
patients have estimated a range of at least 15-35%  for
breast cancer [3, 9] and 5-10% for tubo-ovarian cancer [4,33,38]. Mutations in some
of these genes impart an increased risk for either breast or tubo-ovarian cancer with
minimal to no increased risk for the development of the other tumor type (i.e., increased
risk of breast cancer without risk of tubo-ovarian cancer, and
vice versa) [39,42]. For example, BRIP1, RAD51C, and RAD51D mutation carriers
have an increased risk for tubo-ovarian cancer, while there is insufficient evidence for
an increased risk for breast cancer development. In contrast, BARD1 and PALB2
mutation carriers have an increased risk for Dbreast cancer development
without an associated increased risk for tubo-ovarian cancer [7]. Genetic alterations
are also observed at a high frequency in groups that are or were geographically or
culturally isolated, in which one or more of the ancestors harbored
the altered gene. This is often called the founder efect or founder variant [3]. Founder
mutations of BRCAL/2 have been widely reported in diferent regions and ethnic groups.
However, genetic testing for BRCA1/2 should include uniform sequence analysis along
with deletion/duplication analysis, except for in Ashkenazi Jews. Ashkenazi Jews can
undergo targeted analysis of three BRCA1 and BRCA2
pathogenic founder mutations; 98-99% of the PVs identifed in Ashkenazi Jews are
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€.68_69delAG and c.5266dupC for BRCA1, and c.5946delT for BRCA2 [11,12,13]. If
any PV cannot be identifed wusing target analysis, sequence analysis,
and deletion/duplication analysis, multiple gene panel analysis should be performed.
Recently, many founder mutations have been reported in Asia (Tables 1, 2).

Table 1. [10,32]

Population Proportion of BRCA1/2
Ashkenazi Jews 98-99% of BRCA1/2 mutations Vast majority of BRCAL/2
Poland 80% of BRCA1/2 mutations, 91% of BRCAL mutations
Germany 38% of BRCAL mutations
Hungary 80% of BRCAL mutations, 48% of BRCA2 mutations
Norway 68% of BRCA1 mutations 3% of
ovarian cancer
Finland 84% of BRCA1/2 mutations
Sweden 70% of BRCA1/2 mutations in West Sweden
Denmark 35% of BRCAL/2 mutations
French 52% of BRCAL/2 mutations
Table 2.
Population Proportion of BRCA1/2

Southern Chinese

23% of BRCAL)2  [37]

Japanese 16% of BRCA1/2  [30, 35]
Koreans 10% of BRCA1/2 [36, 19]
Malaysians 6% of BRCA1 [40]
Filipinos 13% of BRCA1/2 [38]
Russia 28,4% of BRCA1/2  [41]
Uzbekistan 18% of BRCA1/2 [43]

Characteristics of BRCA-related breast and ovarian cancer. The Western
Consortium of Investigators of Modifers of BRCA1/2: the CIMBA reports on the
pathological fndings of BRCAL/2 breast cancer as follows [18,21]: BRCAL- related
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breast cancer has the following features: (1) histopathological image of medullary
carcinoma, which develops in a globular manner in peripheral tissues, (2) high
histological nuclear grade, (3) a high proportion of negative for the expression of both
estrogen and progesterone receptors and HER2 overexpression. The histology of the
BRCA2-mutated breast cancer tissue is almost similar to those without BRCA
mutations, and the histological nuclear grade is generally high . In addition, high-grade
serous adenocarcinoma has been reported as a pathological feature of BRCA1/2 ovarian
cancer [25, 28]. Both BRCA1/2-related breast and ovarian cancers are typically highly
aggressive. Germline BRCA1/2 mutations are found in approximately 15% of women
with ovarian epithelial neoplasms, the most common tubo-ovarian tumor subtype [20].
The hallmark histopathologic diagnosis of HBOC-related tubo-ovarian cancer due to
BRCA mutations is that of high-grade serous carcinoma [19,35], and the frequency of
BRCAL and BRCA2 germline mutations increases to approximately 25% in patients
diagnosed with these neoplasms [6,27]. In addition to high-grade serous carcinoma,
other ovarian tumor histotypes including those with endometrioid, mucinous and clear
cell differentiation (and others) have also been described to varying degrees in BRCA-
associated cohorts [ 22, 23,26,30, 31], although some of these studies did not have
central review of all pathological specimens [15]. Morphologically, classical high-
grade serous carcinoma shows expansile and infiltrative growth of glands and papillae
with slit-like spaces. Tumor nuclei are generally enlarged and irregular with prominent
nucleoli and brisk mitoses, including atypical forms.

Specific Tumor Characteristics. A variety of specific morphological characteristics
have been described in the context of BRCA-associated high-grade serous carcinoma

(Table 3).
Table 3. Morphological features of BRCA1 and BRCAZ2 associated high-grade serous carcinoma.

Morphological features BRCAl BRCA2

Avrchitecture Frequent SET morphology

Nuclear atypia Marked

Necrosis Abundant Relatively deficient

TILs Abundant Relatively deficient

Morphology of metastases Pushing invasion or infiltrative invasion composed
exclusively of micropapillae

Immunophenotype CK7 +, PAX8 +, WT-1 +, ER +, PR +/-, aberrant
expression pattern of p53, and diffuse p1
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In addition to morphological features identified at the primary tumor site, specific
architectural  patterns (metastatic deposits with  rounded and pushing
contours/“medullary-like” invasion or infiltrative invasion composed exclusively of
micropapillae) identified at metastatic sites have also been found to be
highly concordant with BRCA1/2 mutation status and display a high level of agreement
among observers (kappa > 0.9) [34] Cases which displayed those features at metastatic
sites most commonly also exhibited SET features in both the metastatic and primary
tumors. Distinction between these two patterns appears to be prognostically relevant
as an infiltrative micropapillary pattern has been more commonly identified in
metastatic tumor foci from patients who suffered
recurrence or death from disease, compared to those with pushing pattern metastases
[17]. Interestingly, it has been hypothesized that metastatic tumor architecture may
influence the ease of resection of these deposits and thus may contribute
to surgeons ability to achieve optimal tumor debulking in these
patients [34, 53]

How is HBOC identified? Mutations in the BRCAL1 or BRCAZ2 genes can be identified
through a blood or saliva test. The usual method of testing, called standard gene
sequencing, can find most BRCA mutations. There are other types of mutations called
rearrangements, which include deletions or duplications in BRCA1 and BRCAZ that
also may cause an increased risk for these cancers. Testing is also available for large
rearrangements in BRCAL and BRCA2.

After initial BRCAL and BRCA2 genetic  testing, additional testing may be

recommended if:

« The results were “negative,” meaning no genetic mutation was detected

« A variant of uncertain significance was detected, which means that there is a
genetic change, but it is not known how that change could affect cancer risk
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Risk-reducing surgery. A prophylactic, bilateral mastectomy, which is the preventive
surgical removal of both breasts, can lower the risk of breast cancer by more than 90%.
Only about 3% of breast cancers associated with BRCA mutations are diagnosed before
age 30, so most women with a BRCA mutation could consider surgery after 30.
However, bilateral mastectomy is an invasive and irreversible procedure. A
prophylactic salpingo-oophorectomy, which is the preventive surgical removal of the
ovaries and fallopian tubes, can lower the risk of ovarian cancer by approximately 90%.
It may also help lower the risk of breast cancer by 50% for women who have not been
through menopause. A special procedure to look for microscopic cancer in the ovaries
and fallopian tubes is recommended after this surgery. Deciding whether to have
preventive surgery to lower your risk of developing breast or ovarian cancer is a very
personal decision. Your health care team and genetic counselor can help you
understand the risks and benefits, based on your health, type of BRCA mutation, and
family history of cancer.[16]

The role of chemotherapy in BRCA 1/2 positive. Abnormality in the BRCA gene
impairs the DNA repair pathway, resulting in the accumulation of damaged DNA.
Reportedly, patients with BRCA mutations are highly sensitive to drugs that cause
DNA damage, such as platinum doublet and PARP (poly (ADP-ribose) polymerase)
inhibitors. Importantly, the identification of an germline-associated BRCA1/2-mutated
tumor indicates not only an underlying
germline defect (in the patient and perhaps also in her family members), but also
implies certain important prognostic and treatment connotations. For example,
mutations involving genes whose protein products are involved in homologous
recombination have been shown to be associated with chemotherapeutic platinum
sensitivity and improved survival in both breast and tubo-ovarian cancer patients
Similarly, triple-negative breast cancer patients harboring defects in homologous
recombination proteins have been shown to exhibit increased sensitivity to both
platinum-based and standard chemotherapy regimens, although the effect
on prognosis is more complex. The underlying molecular abnormalities due to
homologous re combination deficiency indic ate t hat t hese malignancies ¢ an be tre
ated wit h novel poly ADP-ribose polymerase (PARP) inhibitors which act to limit
repair of single strand breaks and thus lead to tumor cell death due to the overwhelming
genetic instability .[24]

Cancer chemoprevention is the use of drugs to stop or keep cancer from developing.
Tamoxifen (available as a generic drug) taken for 5 years by women with a high risk
of breast cancer lowers this risk by 50%. Some research suggests that tamoxifen can
help lower breast cancer risk for women with BRCA1 and BRCA2 mutations.
However, because women with BRCA1 mutations are more likely to develop hormone

receptor-negative cancers, it may not be as effective for these women. Risk-reducing
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tamoxifen is a reasonable option for women with BRCAL or BRCA2 mutations to
consider in addition to screening (see below). Raloxifene (Evista) and aromatase
inhibitors (Als) can also help lower breast cancer risk for women with higher risk of
the disease. [16]

Conclusion. In this review, we have discussed the HBOC syndrome from a
pathological perspective and have described specific characteristics of BRCAL and
BRCA2-associated breast and tubo-ovarian neoplasms. Pathologists play a critical role
in the identification and triage of affected patients, particularly those without a known
family history, as a number of morphological features associated with these BRCA-
mutated tumors have been reproducibly described and are easily recognized. Accurate
and timely pathological assessment and interpretation is critical given
the implications for prognosis, therapy and genetic testing. Ongoing research will
continue to refine our understanding of HBOC syndrome pathology, including how
non-BRCA gene mutations affect tumor morphology, behavior and prognosis.
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