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First description of a double heterozygosity for BRCAI and
BRCAZ2 pathogenic variants in a French metastatic
breast cancer patient: A case report
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Abstract. Hereditary breast and ovarian cancer syndrome is
an autosomal dominant disease caused primarily by germline
mutations in the BRCAI or BRCA2 gene. Rare cases of double
heterozygosity for BRCAI and BRCA2 mutations have been
reported quite exceptionally in non-Ashkenazi individuals. We
describe the case of a woman who developed a bilateral breast
cancer, discovered concomitantly, at 46 years old. Biopsies
confirmed the presence of two breast cancers with distinct
histology. BRCA analysis was tested due to a positive family
history of breast cancer, and two pathogenic monoallelic muta-
tions were detected, one in the BRCAI gene and one in the
BRCA?2 gene. There is no known Ashkenazi Jewish ancestry.
We report the first description of a never described double
heterozygosity for BRCAI and BRCA2 pathogenic variants
in a French metastatic breast cancer patient, with two distinct
histology, and two distinct mutations.

Introduction

A small proportion of breast and ovarian cancer is explained
by a mutation in BRCA and BRCA2. Mutations in the BRCA]
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or BRCA?2 genes, respectively located on chromosome 17q21
and chromosome 13q12-13, are responsible for hereditary
breast and ovarian cancer syndrome (1). In France, causal
mutations in BRCAI and BRCA?2 genes account for about
10% of this syndrome (2,3). BRCAI (breast cancer 1) gene
encodes a multifunctional protein that interacts with tumor
suppressors, DNA repair proteins, cell cycle regulators, RNA
polymerase II holoenzyme, transcription factors, co-repressors,
chromatin remodeling enzymes, and RNA processing
factors (4). BRCAI protein, therefore, has a critical role in
maintaining genomic stability with key functions in DNA
repair, cell cycle progression, transcriptional regulation and
ubiquitylation (4,5). BRCA2 (breast cancer 2) gene encodes a
protein with rather similar roles in the DNA damage response
and DNA repair pathways (5). The BRCA?2 protein is a tumor
suppressor that mediates recruitment of the RADSI recom-
binase protein to DNA double-stand breaks (5). The primary
function of the BRCA2 protein is to facilitate homologous
recombination, an important DNA repair mechanism to
maintain genomic integrity (5,6). Loss or inactivation of
one copy of BRCAI or BRCA2 results in accumulation of
mutations and structural changes in the genome, thereby
increasing risk of cancer (6). BRCAI and BRCA2 mutations
are inherited in an autosomal dominant condition with vari-
able penetrance (7).

The present study reports the case of a French patient
with two synchronous different breast cancers metastatic at
presentation who was found to carry a double, never described
mutation, in BRCAI and BRCA?2 genes.

Case report
Clinical history. In July 2014, a 46-year-old woman was

referred to our medical oncology unit because she had noted at
self-palpation a mass in her left breast. Physical examination
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Figure 1. Family tree of the patient (indicated by the arrow). BRCA (breast cancer) analysis was tested due to a positive family history of breast cancer (IL:3,
I11:9, I11:10). Two pathogenic monoallelic mutations were detected in the proband (IV:2), one in the BRCA! gene and one in the BRCA2 gene. There is no known

Ashkenazi Jewish ancestry. Subsequent predictive testing was offered to the parents. The patient's mother (III:3) present a pathogenic monoallelic mutation
in the BRCAI gene.

Figure 2. Right breast details, mammogram, histological and immunohistochemical studies. Medial-lateral oblique mammogram of the right breast demon-
strating supra areolar retractile opacity measuring 2.2 cm (A). The right breast biopsy diagnosed infiltrating ductal carcinoma (B, HES staining). Elston and

Ellis grade was scored at IT (3.2.1). On immunohistochemical stainings, the tumor strongly expressed estrogen receptor (D), with no expression of progesterone
receptor (E) and no overexpression of HER 2 (C).
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Figure 3. Left breast details, mammogram, histological and immunohistochemical studies. Medial-lateral oblique mammogram of the left breast demon-
strating a large opacity in the supero-internal quadrant, measuring 10 cm, well limited with diffuse micro-calcifications (A). Biopsies of the left breast revealed

triple-negative infiltrating ductal carcinoma (B, HES staining), no overexpression of HER2 (C), no expression of estrogen receptor (D), and progesterone
receptor (E). Elston and Ellis grade was scored at III (3.3.3).
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Figure 4. Initial computed tomography. (L, left side). Chest computed tomography scan axial view showing the right breast tumor measuring 2.2 cm with
cutaneous retraction (A), and the left breast tumor measuring 10 cm (B). Bone window showing vertebral bone metastasis (C) and sacral bone metastasis (D).

confirmed an inflammatory indurated mass of the left breast
measuring 12 cm. Moreover, it revealed an areola retraction of
the right breast measuring 3 cm without any discharge. There
were bilateral clinically fixed axillary lymph nodes.

The proband has a positive familial history of breast
carcinomas and other cancers (Fig. 1). Her paternal grand-
mother (II:3) died at the age of 72 years from breast cancer.
One of her maternal aunts (I11:9) developed bilateral breast
cancer at 40 years and died at 59 years. Another maternal
aunts (I11:10) developed breast cancer at 45 years and died
at 66 years. Her father's half-brother died from a pancreatic
adenocarcinoma (II1:1).

We noted in her personal medical history, cholecystectomy
and active tobacco intoxication measured at 21 pack-years.
Initially she had no regular treatment. The patient started her
first period at the age of 14. She had 6 healthy children and
she breast-fed two of them. There were no abortion rating, no
miscarriages. After the birth of her sixth child, a hormonal
intrauterine device was inserted and then removed in July
2014 at breast cancer diagnosis. Chemotherapy induced a
stop of menses.

Bilateral digital mammography was performed. Right
breast was Bi Rads type II classified, with supra areolar
retractile opacity measuring 2.2 cm without any calcifica-
tion (Fig. 2). In left breast, opacity in the supero-internal

quadrant, measuring 10 cm, well limited with diffuse micro-
calcifications was observed (Fig. 3).

Biopsies confirmed the presence of two breast cancers with
distinct histology. The right breast biopsy diagnosed infiltrating
ductal carcinoma of no special type. Elston and Ellis grade
was scored at II (3.2.1). On immunohistochemical staining,
the tumor strongly expressed estrogen receptor (95%), with no
expression of progesterone receptor and no overexpression of
HER 2. Ki 67 expression was assessed at 14% (Fig. 2). It was
T4bN2 classified.

The left breast biopsy diagnosed a triple negative infil-
trating ductal carcinoma of no special type (no expression of
estrogen receptor, progesterone receptor and HER?2). Elston
and Ellis grade was scored at III (3.3.3) and cytokeratin 5 and
6 were expressed in 40% of cells (Fig. 3). It was T4dN2 clas-
sified.

A staging computed tomography and an isotopic bone
scan detected diffuse bone lesions located on the entire spine,
pelvis, skull, and sternum without any visceral metastatic
lesions (Fig. 4). CA 15.3 marker was measured at 2678 U/ml.
Computed tomography and pelvic ultra sound did not detect
ovarian lesion.

Gene testing. The patient was tested for germline mutations in
BRCAI and BRCA2 genes after written informed and signed
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Figure 5. Identification of the BRCAI and BRCA?2 pathogenic variants by NGS and Sanger sequencing. Schematic diagrams show the approximate locations
(blue arrows) of the BRCAI c.1016dupA (p.-V340GfsX6) (A) and BRCA2 c.6814delA (p.R2272EfsX8) (B) pathogenic variants identified in this patient. Red

arrows indicate the DNA sequence that varied from the reference sequence.

consent. Written informed consent was obtained from the
patient and her parents for publication of this case report and
any accompanying images. Ethics approval was not applicable.
The BRCA True™ test (Pathway Genomics Laboratories)
is designed to analyze the coding and flanking regions of
BRCAI and BRCA2 genes associated with hereditary breast
and ovarian cancer by next-generation sequencing-base
(NGS) and Sanger sequencing. Genomic DNA (gDNA) is
extracted from the patient's specimen (peripheral blood and
saliva sample), and evaluated for quality and quantity using
standard procedures. The gDNA is processed to enrich for the
targeted exons and flanking regions in a PCR-based reaction
with target-specific primers. Massive parallel sequencing is
carried out on the enriched target DNA to detect variants in
these regions. Sanger DNA sequencing is utilized for targeted
gene regions that are insufficiently covered on NGS for variant
detection and to confirm specific findings when suspected
pathogenic or novel variants are detected. Gross deletions
and duplications in BRCAI and BRCA2 genes are identified
by multiplex ligation-dependent probe amplification. Two
pathogenic monoallelic mutations were detected, one in each
gene: c.1016dupA (p.-V340Gfs*6) mutation in the BRCAI gene
and c.6814del A (p.R2272Efs*8) mutation in the BRCA2 gene

(Fig. 5). The BRCAI c.1016dupA (p.V340Gfs*6) pathogenic
variant, also known as 1135insA or 1135dup, is predicted
to truncate the BRCAI protein. The BRCA2 c.6814delA
(p-R2272Efs*8) pathogenic variant, also known as 7042delA,
is predicted to truncate the BRCA2 protein. Mutation designa-
tion is according to the American College of Medical Genetics
(ACMG) guidelines.

Genetic management. After receiving these results, the
proband was referred to genetic counseling. Subsequent
predictive testing was offered to the proband's parents. The
proband's asymptomatic mother (Fig. 1, indicated by III:3) was
found to be positive for the same mutation in the BRCAI gene.
She is 69 years old. Bilateral digital mammography and pelvic
ultrasound was performed. To date she has had no cancer,
and has now entered into a specific follow-up program. The
proband's father (Fig. 1, indicated by III:2), aged 68 did not
carry either mutation. He has had no cancer.

Patient management and outcomes. The patient received a
first line of chemotherapy by weekly paclitaxel (90 mg/m?)
with bevacizumab every 2 weeks (10 mg/kg) for 6 months.
Treatment was well tolerated and associated with monthly
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injections of denosumab 120 mg. After 6 months of treatment,
a good partial response according to RECIST criteria 1.1 was
observed with a decrease of the two breast lesions (from
93 mm to 57 mm in the left breast and from 24 to 13 mm in
the right breast). Axillary lymph nodes were not any more
palpable. Computed tomography and bone scan revealed
an improvement on bone lesions associated with a decrease
of CA 15.3 at 285 U/ml. We decided to focus on systemic
therapy, and to delay the two primary breast cancer surgery.
A maintenance therapy with capecitabine 2000 mg twice a
day and bevacizumab 15 mg/kg each 21 days was started (8).
Twenty months later, the patient is still alive with no criteria
of progression of the disease; she has recovered her regular
activities and comes every 3 weeks for a maintenance treat-
ment and follow-up.

Discussion

To the best of our knowledge, we described the first case of
a double heterozygosity for BRCAI and BRCA2 pathogenic
variants in a French metastatic breast cancer patient, with
mutation c¢.1016dupA in BRCAI and mutation c.6814delA
in BRCA2 gene never described together so far. The
co-existence in an individual of mutations in the BRCAI
and BRCA?2 genes is a very rare finding, particularly in non-
Ashkenazi individuals (1,9), and our patient has no known
Ashkenazi heritage.

Moreover, we determined that the patient inherited the
BRCAI mutation from her mother. Regarding the BRCA2
mutation, it could be a de novo mutation or maybe the father is
not the biological father. Ethical French rules do not allow us
to genetically test this last hypothesis.

Leegte et al presented a review of the literature and
described the phenotypic expression of double heterozygosis
for BRCAI and BRCA?2 in 34 women (9). All cases presented
an Ashkenazi mutation. The highest risk of cancer appears
to occur in a combination of 5382insC and 6174delT for
BRCAI and BRAC2 genes, respectively (1,9,10). The popula-
tion carrier frequency of 185delAG, 5382insC (BRCAI), and
6174delT (BRCA2) is estimated to be 0.92, 0.26, and 1.20,
respectively, in the Ashkenazi population (11,12) adding up
to approximately 2.4%. Peto et al estimated the prevalence of
BRCAI and BRCA2 mutation carriers to be 0.11% and 0.12%,
respectively, in the non-Ashkenazi (UK) population, which
adds up to 0.23% (13). This indicates that the chance for an
occurrence of double heterozygosity in these populations is
between 1 in 1,800 to 190,000, respectively.

Furthermore, the BRCAI c.1016dupA variant is consid-
ered a Norwegian founder mutation, but has also been
observed in individuals who are of French-Canadian, French,
Italian or Dutch ancestry (2,14-16). The BRCA2 c.6814del A
(p-R2272Efs*8) pathogenic variant, has been identified in
individuals with a personal or family history of breast and/
or ovarian cancer (17,18). The clinical presentation was
advanced and unfavorable, it may raise up the possibility of
a pejorative impact of either involved mutations or resulting
from their association. Nevertheless, review of the literature
suggests that the co-existence of BRCAI and BRCA2 muta-
tions likely not cause a more severe phenotype of breast
cancer (1,9).
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In this patient, concomitant mutations of both BRCAI and
BRCA2 might lead to two different breast cancers with distinct
histologic features. It might suggest that even if initially all
breast cells present the same genetic characteristics, onco-
genesis of the two tumors are different and lead to two breast
cancers of different subtypes: a triple-negative and a luminal
breast cancer. The next step could be to sequence the two
breast tumors to assess if cancer cells had lost both the wild-
type alleles of BRCAI and BRCAZ2. It could explain whether
the oncogenesis of these tumors is driven by a loss of function
of BRCAI and/or BRCA2. A comparative genomic analysis of
both tumors could prove extremely informative on early and
specific BRCA associated tumorigenesis mechanisms, but
unfortunately, it is not available in our center.

The key-information of this case can be summarized in
three points: we report a double heterozygosity with a never
described association of two BRCA mutations (c.1016dupA in
BRCAI and c.6814del A in BRCA2 gene). These two mutations
were discovered with the diagnosis of two distinct concomi-
tant pathological type of breast cancer. We search for BRCAI
and BRCA?2 mutations in the parents; one mutation is inherited
from the mother and the other could be de novo.
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