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Abstract. – BACKGROUND: Breast cancer 
is the most common type of malignancy and the 
foremost cause of tumor-related death in wom-
en. The two most well-known genes linked to he-
reditary breast cancer are BRCA1 (MIM#113705) 
and BRCA2 (MIM#600185). Germline mutations 
in the tumor-suppressor genes are found in a 
proportion of this group.

CASE REPORT: Family history of breast and 
ovarian cancer, early-onset breast cancer, and 
ethnicity constitute the basic criteria for identi-
fying cases affected by BRCA1 or BRCA2 muta-
tions. This study reports a novel BRCA2 patho-
genic variant c.7094_7100del (p.His2365Leuf-
sTer9), identified in a family from Basilicata, Ita-
ly, with a history of hereditary breast cancer. Ge-
netic tests are available to predict the risk of de-
veloping cancer, particularly in cases of hered-
itary cancer, the predisposition to cancer, and 
the target organs.

CONCLUSIONS: The identification of this 
variant expands the spectrum of BRCA2 muta-
tions associated with hereditary breast cancer 
and highlights the importance of genetic test-
ing and counseling for families with a history of 
breast cancer.
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Abbreviations
ACMG: American College of Medical Genetics and Ge-
nomics; ACS: American Cancer Society;
AMP: Association for Molecular Pathology; BIC: Breast 
Cancer Information Core Database;
BRCA1: Breast cancer gene 1; BRCA2: Breast cancer 
gene 2; DNA: Desoxyribonucleic Acid; HGVS: Human 
Genome Variation Society; IGV: Integrative Genomics 
Viewer; NCBI: National Center for Biotechnology In-
formation; NGS: Next generation sequencing; PARP: 
Poly(ADP)-Ribose Polymerase; PCR: Polymerase Chain 
Reaction; RefSeq: Reference Sequence; Ter: Termina-
tion stop codon.

Background

Breast cancer is the most frequent cancer in 
women worldwide. According to the ACS, about 
2 million women are diagnosed with breast cancer 
annually worldwide, and about 30% will die from 
this disease1-3. The two most well-known genes 
linked to hereditary breast cancer are BRCA1 
(MIM#113705) and BRCA2 (MIM#600185), and 
several germline mutations are well known. Fam-
ily history of breast and ovarian cancer, early-on-
set breast cancer and ethnicity constitute the basic 
criteria for identifying cases affected by BRCA1 
or BRCA2 mutations. For this purpose, the iden-
tification of BRCA mutation carriers allows the 
management of patients with a high lifetime risk 
of breast and ovarian cancer, including follow-up, 
prophylactic mastectomy, and salpingo-oopho-
rectomy4-6. Moreover, mutations in BRCA have 
been shown to be predictive of a good response 
in a neoadjuvant setting with cisplatin7,8. About 
83% pathologic complete response rate in BRCA1 
breast cancer carriers has been reported. Further-
more, treatment with the new PARP inhibitors 
has shown promising results in targeting the 
BRCA-related homologous recombination path-
way7. Here, we report the first case of a patient 
with a strong family history of the disease who 
carries a novel BRCA2 gene pathogenic variant.

Case Presentation

A 43-year-old woman (II3) with a diagnosis of 
a right breast cyst was referred by the cancer sur-
geon to the Laboratory of Medical Genetics and 
Immunogenetics at Madonna delle Grazie Hos-
pital (Matera, Italy). As shown in Figure 1, the 
index case (family tree II3) has family members 
with a history of breast cancer. The mother (I2) 
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was surgically treated with a bilateral quadran-
tectomy at age 58 for a malignancy process; she 
passed away after some time. The sister (II1) was 
surgically treated with a right quadrantectomy at 
age 49 for a malignancy process; however, after 
some time, she died. Likewise, she reported ad-
ditional cancer cases in second and third-degree 
relatives. Unfortunately, no histological reports 
related to the mother and sister’s cancer could 
be retrieved. After a pretest counseling, a blood 
sample was obtained to perform Next Generation 
Sequencing (NGS) analysis of the BRCA1 and 
BRCA2 genes. A written consent to publish the 
information herein reported was also obtained 
from the patient. Based on family history, the 
proband was considered eligible for mutation 
screening of the BRCA1 and BRCA2 genes.

Genomic DNA was extracted from peripheral 
blood samples. DNA was obtained out of 200 
µL of whole blood in the MagCore HF 16 Plus 
Instrument (Diatechline, Jesi, Italy).

The Devyser BRCA kit (Devyser, Hägersten, 
Sweden) was used for the molecular study of 
BRCA1 and BRCA2 genes. Devyser BRCA kit en-
ables the generation of specific libraries for NGS 
analysis of the following genetic variants in the 
BRCA1 and BRCA2 genes: copy number variation 
(CNV), single nucleotide variant (SNV), and in-
sertion-deletion mutations (indels), including the 
promoter, exon and intron regions of these genes. 

DNA samples were sequenced using MiSeq DX 
(Illumina, San Diego, CA, USA). A specialized 
bioinformatics software workflow (Devyser Am-
plicon Suit v3.7) was used for data analysis, in 
particular, to identify specific deletion parts of 
BRCA1 and BRCA2 genes and for accurate iden-
tification of CNV.

For Sanger sequencing, exons 14 was amplified 
by polymerase chain reaction (PCR) using Plati-
num™ II Hot-Start PCR Master Mix (Invitrogen, 
CA, USA). Following product purification with 
the ExoSAP-IT kit (Applied BioSystems, Foster 
City, CA, USA), Sanger-type cycle sequencing re-
actions are performed using the BigDye Termina-
tor v3.1 kit (Applied BioSystems). The resulting 
reactions, purified with the BigDye XTerminator 
kit, are then analyzed by using Genetic Analyzer 
3500Dx (Applied BioSystems). Sequences were 
aligned, viewed, and compared to the reference.

A BRCA2 pathogenic variant, namely NM 
000059.3:c.7094_7100del (p.His2365LeufsTer9), 
according to the HGVS nomenclature, was iden-
tified in the proband (Figure 2A)9. This variant, 
which is found in exon 14 of the gene, is expect-
ed to introduce an early stop codon at position 
2365 of the BRCA2 protein and a premature stop 
codon, both of which will result in an ineffective 
protein. Although this variant is outside a func-
tional domain, the result is expected to be an 
absent or nonfunctional protein product. Accord-
ing to the recommendations of the AMP and the 
ACMG His2365LeufsTer9 could be considered 
to be pathogenic (ACMG)10. Sanger sequencing 
confirmation chromatogram is shown in Figure 
2B. To date, no data on the clinical significance of 
this variant were reported in the BRCA Exchange 
and ClinVar repositories nor in the literature11-13. 
Subjects II1, III1, III2 resulted negative to muta-
tional screening.

For all these reasons, the patient was informed 
during genetic counselling about intervention 
modalities such as prophylactic mastectomy and 
oophorectomy (primary prevention) or to un-
dergo routine screening (secondary prevention) 
with the goal of detecting any cancers at an early, 
curable stage.

Discussion

Breast cancer risk is elevated in individu-
als with pathogenic variants in the BRCA1 and 
BRCA2 gene14. According to the findings, a sig-
nificant risk factor for variant carriers is family 

Figure 1. Family pedigree. Males and females are indi-
cated by squares and circles, respectively. The proband is 
indicated by the arrow. The ages of cancer diagnosis and the 
phenotypes of affected family members are reported within 
the corresponding symbols when known. Diagonal slashes 
indicate deceased individuals. Individuals who underwent 
genetic analysis are indicated by dots, and the genes found 
to be mutated are reported.
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history and variant location. Genetic tests are 
available to predict the risk of developing cancer, 
particularly in cases of hereditary cancer, the 
predisposition to cancer, and the target organs. 
More than a thousand different sequence vari-
ants have been identified in each of the BRCA1 
and BRCA2 genes since their discovery. Genes 
are altered in different ways; the most common 
mutations linked to disease are frameshift, non-
sense, or splice site mutations, which result in 
shortened protein products. As with protein-trun-
cating mutations, which are thought to be func-
tionally deleterious, missense variants have also 
been found, but it is more difficult to assess how 
they affect carcinogenesis15. Remarkably, the suc-
cess of poly [ADP-ribose] polymerase (PARP) 
inhibitors in clinical trials and the management 
of patients with ovarian cancer is undergoing 
rapid change16,17. Understanding each patient’s 
BRCA status is crucial for guiding treatment de-
cisions because germline BRCA mutation status 
has been shown to be a predictive biomarker of 
possible benefit from PARP inhibitor treatment. 
Previously, women with a personal or family 

history of breast or ovarian cancer were the only 
ones eligible for BRCA testing. Nevertheless, it 
is now known that nearly 20% of women with 
high-grade serous ovarian cancer carry a germ-
line BRCA mutation; of these, more than 40% 
may not have had a family history of cancer and 
would not have had BRCA testing. Therefore, a 
plan to facilitate the integration of BRCA testing 
into standard care is required18.

Conclusions

We present c.7094_7100del (p.His2365Leuf-
sTer9) as a new pathogenic mutation in BRCA2 
in a consanguineous family with a history of 
breast cancer. Unquestionably, genetic testing for 
BRCA1/2 has advantages in personalized therapy 
and prevention, and it should be tailored to the 
inherent genetic traits of each community.
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Figure 2. Integrative Genomics Viewer (IGV) of c.7094_7100del (p.His2365LeufsTer9) mutation of BRCA2. A, IGV 
screenshot of bam file analysis of a heterozygous substitution (c.7094_7100del) of the BRCA2 gene. Among the total count of 
1022 reads in this position, there are 554 reads with reference alleles, and 468 reads with alternative alleles. This distribution 
showed that the c.7094_7100del mutation is heterozygous. B, Chromatogram sequence of forward strand of BRCA2 exon 14 
regions surrounding the identified pathogenic variant.
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