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Abstract. The influence of BRCAI/2 variants of uncertain
significance (VUSs) on the cancer risk and their association
with the response to treatment is uncertain. The aim of the
present study was to evaluate the role of BRCA VUS in patients
with breast cancer. A total of two cases of breast cancer
patients with the BRCA VUS were described. The complete
coding sequence of BRCAI/2 genes was analyzed from
the genomic DNA material by next generation sequencing
on the Ion Torrent platform. The presence of ¢.3454G>A
(p-Aspl152Asn) VUS in the BRCAI gene was reported in
a 64-year-old woman with invasive breast carcinoma. The
characteristics of the breast tumors were the following:
moderately differentiated-intermediate grade (NG-2 G-2),
HER2 (+), estrogen receptor (ER) (+++), progesterone
receptor (PR) (+++), luminal A subtype and pT2 Nla Mx.
The second detected VUS was the ¢.2374T>C (p.Tyr792His)
variant in the BRCA2 gene. This variant was reported in a
33-year-old woman who was diagnosed with right breast
cancer (CT2N1MO). The invasive breast carcinoma was char-
acterized as follows: NG-2 G-2, ER (+++), PR (+++), Ki-67
10%, HER2 (+++) and luminal B subtype. The data demon-
strated that patients with VUSs should be managed based on
their family history of cancer and clinicopathological char-
acteristics. The clinical significance of the VUS in BRCA1/2
may change over time and reclassification of the variant to
‘pathogenic’ or ‘benign’ should be undertaken. Patients with
VUS should be followed up regularly.
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Introduction

Pathogenic mutations in the BRCAI/BRCA2 genes increase
the risk of developing breast and ovarian cancer or other types
of cancer (prostate cancer, pancreatic cancer and melanoma).
Women with BRCAI mutations exhibit a 45-85% lifetime risk
of developing breast cancer. Other genes associated with the
risk of developing breast cancer are ATM, CDHI, CHEK?2,
PALB2, PTEN, STK11, and TP53 (1-7). The risk of developing
ovarian cancer by 70 years of age is 40-50% for BRCAI muta-
tion carriers and 10-20% for BRCA2 mutation carriers (8.9).
Other suppressor genes and oncogenes associated with
hereditary ovarian cancers, include the mismatch repair
(MMR) genes in Lynch syndrome, the tumor suppressor gene,
TP53, in the Li-Fraumeni syndrome, genes involved in the
double-strand breaks repair system, such as CHEK2, RADS5I,
BRIPI, and PALB2 (10).

The development and popularization of NGS technique
led to the detection of new genetic variations, including VUS
(variant of uncertain significance) (11). It is variant whose
clinical significance to the function or medical condition is not
known. In previous studies conducted on high-risk families,
variants of uncertain significance exhibited a frequency up
to 15% for the BRCA genes. It included the following muta-
tions: missense variations, small in-frame deletions, variants
in regulatory sequences and exonic or intronic variants that
may affect pre-mRNA splicing (12). The International Agency
on Cancer Research of the World Health Organization has
proposed a simple five-tier system for the clinical management
of BRCAI/BRCA2 VUSs that is not widely known to clinicians.
Class 1 and 2 variants are managed as neutral variants, whereas
class 4 and 5 as pathogenic variants. Insufficient evidence has
been reported regarding class 3 variants and therefore these
are not included in the selection process (13). The American
College of Medical Genetics and Genomics recommends the
use of specific standard terminology as follows: ‘pathogenic’,
‘likely pathogenic’, ‘uncertain significance’, ‘likely benign’
and ‘benign’. These terms are used to describe variants identi-
fied in genes (14). Variants of uncertain significance have also
been identified in other genes such as: TP53 (15), ATM (16)
or PALB2 (17). There are only few studies, which describe
histopathologic characteristics of VUS (18).
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Assessing the pathogenicity of VUS in BRCAI and BRCA?2
poses a serious challenge. Functional assays provide an
important tool for classification. BRCA1/2 promote the main-
tenance of genome stability via homologous recombination.
Thus, related assays are particularly relevant to cancer risk.
Currently, there is need for high-throughput assays with suffi-
cient sensitivity to characterize the large number of identified
variants.

The influence of BRCA1/2 VUSs on the cancer risk and
their association with the response to treatment is uncertain.
The aim of the present study was to characterized breast
cancer patients according to clinical and histopathological
factors.

Case report

The present case report describes two cases of breast cancer
patients with BRCA VUSs. All diagnosis and treatment took
place in National Research Institute of Oncology, Gliwice
Branch. Genetic counseling was performed. During the
genetic consultation, a family history was collected, the pedi-
gree was prepared and the medical records were reviewed.
The patients provided written informed consent regarding
the use of their biological material for clinical research (all
the samples were collected by routine laboratory analyses).
The complete coding sequence of the BRCAI and BRCA2
genes was analyzed on the genomic DNA material using
next generation sequencing on the Ion Torrent platform. The
libraries were prepared using the Oncomine BRCA Assay
Chef Ready Kit, according to the manufacturer's instructions
(ThermoFisher Scientific). Sequencing was performed on the
Ion S5 sequencer (ThermoFisher Scientific) using the Ion 530
Chip Kit and 510&520&530 Kit-Chef. The raw data generated
during sequencing was processed using lon Reporter v.5.6 soft-
ware (ThermoFisher Scientific). The wWANNOVAR program
(www.wannovar.usc.edu) was used to annotate the detected
variants from Ion Reporter. The reference sequences were
the following: NM_007294.3 (BRCA1) and NM_000059.3
(BRCA2). The complete coding sequence of the BRCAI and
BRCA2 genes was performed together with adjacent intron
sequences. The interpretation of the variants was carried out
in accordance with the following databases: NBCI ClinVar,
dbSNP, 1000 Genomes Project, BIC, LOVD, VarSome in the
current version on the day of the examination. Classification
of variants was done according to guidelines of American
College of Medical Genetics (ACMG) (14). The presence of
these variants in the BRCAI and BRCA?2 genes was confirmed
using the Sanger method.

A 63-year-old woman was admitted to the Genetic
Outpatient Clinic with the diagnosis of bilateral breast cancer.
At the age of 60, she was also diagnosed with endometrial
cancer (T2NOMO). The patient was eligible for surgical
treatment. Histopathological examination indicated adeno-
carcinoma papillare serosum (pT2NOMx). Following surgery,
she received chemotherapy, radiotherapy and brachytherapy
(standard therapy). Genetic counseling was performed. There
was no cancer in family history. Genetic pedigree Fig. 1.

Two years later (at the age of 62), the patient was diagnosed
with bilateral breast cancer as determined by mammography.
One tumor was located centrally in the right breast and

exhibited the following dimensions: 2x1.5 cm. The second
tumor was situated in the upper outer quadrant of the left
breast and exhibited the following dimensions: 9x8x5 mm.
A thick-needle biopsy was performed. Histopathological
examination indicated ductal invasive carcinoma with
neuroendocrine differentiation. The biochemical and clinical
characteristics of the tumors were the following: NG2,
G2, ER (+++), PR (+++), HER2 (+), Ki-67 10%, luminal A
subtype in the right breast and ductal invasive carcinoma
G2, ER (+++), PR (+++), HER2 (+), Ki-67 5% and luminal
A subtype in the left breast. Breast-conserving therapy with
sentinel lymph node biopsy and IORT was performed in
the left breast. Postoperative histopathological examination
indicated the following tumor characteristics: pT2 Nla Mx,
invasive breast carcinoma with neuroendocrine differentia-
tion NG-2 G-2, HER2 (+), ER (+++), PR (+++) and luminal
A subtype. Metastases were demonstrated in one lymph
node. The patient was eligible for adjuvant radiotherapy and
hormonotherapy based on aromatase inhibitors. In addition,
right-sided mastectomy with right arm SNB was performed.

Genetic analysis was conducted. The presence of the
c.3454G>A (p.Aspl152Asn) mutation in the BRCAI gene,
which is a VUS has been previously reported. The detected
mutation causes a change of the amino acid aspartic acid to
the amino acid asparagine at position 1,152 of the amino acid
sequence of the BRCAI protein. This variant is found in the
ClinVar and BRCA Share databases, where it has the status
of a VUS. In order to determine the pathogenicity of this
variant, in silico analyses were performed using the SIFT,
Mutation Taster and Align GVGT algorithms. These algo-
rithms indicate that the c.3454G>A (p.Aspl152Asn) variant
in the BRCAI gene is probably not pathogenic. Mutations in
the BRCA2 gene were not detected. Moreover, the absence of
mutations in the CHEK?2 (c.1100delC and mutation ¢.470T>C)
(GenBank NM_145862.2.), the PALB2 (c.508_509delAG and
c.172_175delTTGT) and the TP53 (exons 2-11) genes were
observed. The presence of the ¢.3454G>A (p.Aspl152Asn)
variant in the BRCAI gene was confirmed using the Sanger
method. Genetic tests were also offered to the patient's relatives
(brother and mother). They have not yet decided to examina-
tion. The woman has no children.

The second patient was 33-year-old woman, who was
admitted to the Genetic Outpatient Clinic with the diagnosis
of right breast cancer (cT2N1MO) and with a previous family
history of cancer (two of her relatives were diagnosed with
cancer-one with lung cancer and the second with adrenal
gland cancer) (genetic pedigree Fig. 2). At initial diagnosis,
PET testing was carried out and the data indicated the pres-
ence of a 3 cm tumor in the right breast with involvement of
the right armpit lymph nodes. A coarse-needle biopsy was
performed. Histopathological examination demonstrated the
presence of invasive breast carcinoma, which exhibited the
following characteristics: NG-2 G-2, ER (+++4), PR (+++),
Ki-67 10%, HER2 (+++) and luminal B subtype. Metastases
were reported in the lymph nodes of the right armpit. The
patient was eligible for neoadjuvant chemotherapy (IV cycles
of AC regimen and 12 cycles of paclitaxel monotherapy) and
immunotherapy (pertuzumab and trastuzumab). In addition,
the patient was eligible for surgical treatment following neoad-
juvant therapy. A radical amputation of the right breast with
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Figure 1. Genetic pedigree of first patient. White square, male without cancer disease; white circle, female without cancer disease; black circle, female with
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Figure 2. Genetic pedigree of second patient. Black square, male with cancer disease; black circle, female with cancer disease; white square, male without

cancer disease; white circle, female without cancer disease.

the SNB of the lymph nodes was performed. Postoperative
histopathological examination demonstrated a tumor with the
presence of angioinvasion, without neuroinvasion. The exact
clinical and biochemical characteristics were as follows: pTlc
NO MO, NST NG-2 G-2, Ki-67 10%, ER (+++), PR (+++), and
HER?2 overexpression.

Genetic analysis has shown the presence of the ¢.2374T>C
(p-Tyr792His) variant in the BRCA2 gene, which is a VUS.
The detected variant caused a change of tyrosine to histidine
at position 792 of the amino acid sequence of the BRCA2
protein. This variant is found in the ClinVar and BRCA Share
databases and it is characterized as a VUS. Genetic variants
of this type may exert a diverse impact on protein function.
The presence of the ¢.2374T>C (p.Tyr792His) mutation in
the BRCA2 gene was confirmed using the Sanger method.
The analysis did not detect mutations in the BRCAI gene.
Moreover, the data indicated the absence of mutations in the
PALB?2 (c.508_509delAG and c.172_175delTTGT) gene. The
CHEK? gene (c.1100delC and mutation c.470T>C) (GenBank
NM_145862.2.) was also examined. The ¢.470T>C muta-
tion in CHEK?2 gene has been found. Genetic tests were also
offered to the patient's first-degree relatives. However, they
have not yet decided to examination. The patient's only son
is underage (he is 5 year old now). The comparison of both

patients according to clinicopathological and molecular factors
is shown in Tables I and II.

Discussion

In the present study, VUSs were detected in two breast cancer
patients with family history of cancer. In the first case, the
presence of the c.3454G>A (p.Aspl152Asn) variant was
reported in the BRCAI gene. The detected variant causes a
change of aspartic acid to asparagine at position 1,152 of the
amino acid sequence of the BRCAI1 protein. In the second
case, the presence of the ¢.2374T>C (p.Tyr792His) variant was
detected in the BRCA2 gene. The reported variant causes a
change of tyrosine to histidine at position 792 of the amino
acid sequence of the BRCA?2 protein.

According to the previous studies VUSs should be inter-
preted as non-informative and should not influence cancer
management. In that cases clinical management should be
based on personal and family history of cancer. Cancer preven-
tion and screening strategies should be individualized (19).
The determination of VUS pathogenicity should be based on
multifactorial prediction models including the co-segregation
test for family members with known cancers, periodic re-clas-
sification of VUSs, and other genetic tests, in addition to the
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Table I. Clinicopathological characteristics of patients.

Factors First patient with breast cancer Second patient with breast cancer
Patient age, years 63 33

Second cancer Endometrial cancer No second cancer

Stage of disease T2N1MO TINOMO

Histological grade G2 G2

ER Positive Positive

PR Positive Positive

HER2-positive Lack of overexpresion Overexpression

Ki67, % 10 10

Breast cancer subtype
History of cancer in family

Luminal A subtype
No history of cancer

Luminal B HER-positive subtype
Lung cancer, adrenal gland cancer

G, grade; ER, estrogen receptor; PR, progesterone receptor.

Table II. Results of molecular examination.

Genes First patient with breast cancer Second patient with breast cancer
BRCAI NGS ¢.3454G>A (p.Aspl152Asn) Not detected

BRCA2 NGS Not detected ¢.2374T>C (p.Tyr792His)
CHEK?2 Not detected ¢.470T>C mutation

PALB2 Not detected Not detected

TP53 Not detected Not examined

NGS, Next Generation Sequencing; CHEK?2, checkpoint kinase 2; PALB2, partner and localizer of BRCA2.

detection of the BRCA gene mutations (20). NCCN guidelines
recommend patients with VUS to be included in the variant
reclassification programs (21).

The variant BRCA I ¢.3454G>A results in the p.Aspl152Asn
(D1152N) mutation which causes a change of an Aspartic
Acid to an Asparagine (GAC>AAC) residue in the polypep-
tide chain of the protein. Based on alternative nomenclature,
this variant would be defined as BRCAI 3573G>A. This
variant has been previously identified in patients with cancer
or subjects with family history of cancer (family history of
breast and/or ovarian cancer). It has also been identified in a
pediatric patient with leukemia (22-26). BRCA1 Aspl152Asn
was not observed at a significant allele frequency in large
population cohorts (27). BRCAI Aspl152Asn is not located in
a known functional domain. The aspartic acid at codon 1152
is moderately conserved, and computational analyses (SIFT,
PolyPhen-2) predict that this variant is tolerated. In vitro
functional analyses demonstrate activity similar to wildtype
in a homology-directed repair assay (28). One individual
reported in BRCA Share database also carried a likely patho-
genic variant in BRCA1 ¢.4485_4675del/p.Ser1496GlyfsX14,
further supporting benign nature of this variant. Based on
current data, BRCA1 Aspl152Asn is a VUS as reported by
multiple laboratories in ClinVar (Variation ID: 54890).

Currently, limited information exists with regard to the
¢.2374T>C (p.Tyr792His) mutation of the BRCA2 gene,
suggesting that it has uncertain classification and consequently

uncertain clinical significance. This variant causes a change of
tyrosine to histidine at position 792 of the amino acid sequence
of the BRCA?2 protein. The tyrosine and histidine are amino
acids with similar properties. This amino acid position is not
well conserved in vertebrate species. In addition, this altera-
tion is predicted to be tolerated by in silico analysis (SIFT,
Mutation Taster). There is no functional studies concerning
this variant. In the present study, the ¢.2374T>C (p.Tyr792His)
mutation in the BRCA2 gene was detected in women with stage
IIB cancer according to the TNM classification and luminal B
HER?2 positive breast cancer subtype. The other characteris-
tics of the patient were a diagnosis at a younger age (33 years)
and family history of cancer (one relative with lung cancer and
the second relative with adrenal gland cancer). A diagnosis at
a younger age and cancer family history are suggestive of the
pathological nature of ¢.2374T>C (p.Tyr792His) variant in the
BRCA?2 gene. The absence of detected mutations was noted in
the BRCAI gene and PALB2 gene. However, the ¢.2374T>C
(p.Tyr792His) mutation in the BRCA2 gene coexisted with
c.470T>C mutation in CHEK2 gene. The meta-analysis
demonstrates that the CHEK2 I157T (also known as ¢.470T>C)
variant increases cancer risk, especially breast and colorectal
cancer in Caucasian (28).

Borg et al (23) examined a young woman with contralateral
breast cancer (CBC, n=705) and with unilateral breast cancer
(UBC, n=1,398) according to the presence of mutations and
sequence variants of unknown clinical significance (VUS).
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The majority of VUSs were not associated with an increased
risk of CBC and represented neutral alleles of no or little
significance in the etiology of breast cancer (23). In the present
study, one patient had unilateral breast cancer (UBC) and the
second patient exhibited contralateral breast cancer (CBC).
Both cases presented stage IIB disease according to the TNM
classification (AJCC system, effective since January 2018).

In some studies BRCAI mutation carriers were character-
ized by ER-negative/PR-negative steroid receptor status of breast
cancer (29,30). A Meta-Analysis conducted by Chen et al (31)
has suggested that TNBC was more common among the breast
cancer patients with BRCAI mutation than among BRCA2
mutation carries or non-carriers. Authors have not found infor-
mation about clinicopathological characteristics of patients with
BRCAI ¢.3454G>A variant. There is also no studies concerning
¢.2374T>C (p.Tyr792His) variant in the BRCA2 gene. In our
study, the ¢.2374T>C (p.Tyr792His) mutation in the BRCA2
gene was associated with luminal B HER2 positive breast
cancer subtype. The variant BRCAI ¢.3454G>A was character-
ized by ductal invasive carcinoma histologic type G2, ER (+++),
PR (+++), HER2 (+), Ki-67 5% and luminal A subtype.

The limitation of this study is small number of patients.
We presented two patients carrying two VUSs. A larger group
of breast cancer patients with VUSs is required to verify the
current findings and additional data derived from literature
studies are necessary to redefine the clinical significance of
VUSs (change to benign or pathological variant). We do not
have possibility to check ATM or PTEN genes. There was no
mutation in TP53 gene in first patient. The second women
hasn't come yet to continue genetic diagnosis.

In conclusion, the ¢.3454G>A mutation in the BRCAI
gene was characterized by NG-2 G-2, HER2 (+), ER (+++),
PR (+++), luminal A subtype and endometrial cancer in
history. However, the ¢.2374T>C (p.Tyr792His) mutation
carriers in the BRCA2 gene had breast cancer with NG-2
G-2, ER (+++), PR (+++), Ki-67 10%, HER2 (+++), luminal
B subtype, cancer in family history, younger age at diagnosis
and ¢.470T>C mutation in CHEK? gene. Patients with VUSs
should be managed based on their family history of cancer
and clinicopathological characteristics. The clinical signifi-
cance of VUSs in BRCA1/2 may change over time and may be
reclassified as ‘pathogenic’ or ‘benign’ variants. It is advisable
to examine the presence of VUSs in healthy and sick family
members in order to analyze the co-existence of the variant
with breast and/or ovarian cancer. Patients with VUS should
be followed up regularly with use of individualized screening
and prevention strategies.
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