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Breast cancers (BC) are rare in men and are often caused by constitutional predisposing factors. In women,
mosaic BRCA1 promoter methylations (MBPM) are frequent events, detected in 4-8% of healthy subjects. This
constitutional epimutation increases risk of early-onset and triple-negative BC. However, the role of MBPM in
male BC predisposition has never been assessed. We screened 40 blood samples from men affected by BC, and
performed extensive tumour analysis on MBPM-positive patients. We detected two patients carrying MBPM.
Surprisingly, tumour analysis revealed that neither of these two male BCs were caused by the constitutional

BRCA1 epimutations carried by the patients.

1. Introduction

Breast cancer (BC) is very rare in men, with less than five cases per
million per year [1]. Genetic testing in affected males is recommended
as approximately 10 % of cases are caused by germline pathogenic
variants (gPV) in BRCA2, and another 2 % by gPV in BRCA1 [2]. In most
cases however, no genetic cause is identified.

Constitutional methylation, where methylation of specific genes is
detectable in normal tissues, is increasingly being considered as a
mechanism for cancer predisposition. For instance, up to 1 % of Lynch
syndrome cases could be due to constitutional MLHI promoter
methylation [3]. For now, constitutional epimutations cannot be used to
adapt cancer prevention strategies, but they may help to guide BC
screening in the future [4]. Indeed, mosaic BRCA1 promoter methyla-
tions (MBPM) are much more frequent than BRCA1 gPV in healthy
women population (4-8% versus around 0.5 %), and several studies have

shown that MBPM increase the risk of triple-negative or early-onset BC
[5-8,15]. However, there is no consensus about the use of MBPM in
clinical practice. Indeed, MBPM occur in utero in a subset of cells [9,15].
Thus, the proportion of cells carrying BRCA1 methylation varies among
tissues making follow-up guidelines difficult to establish. This variability
has also led to heterogenous results in studies using different techniques
to detect MBPM [4]. High-sensitivity techniques targeting core BRCA1
promoter, such as Methylation-Sensitive High-Resolution Melting
(MS-HRM), are recommended [10,11]. Among remaining questions,
involvement of MBPM in male BC has never been assessed. We describe
here the first male BC patients carrying MBPM.

2. Patients and methods

We selected 40 men affected by invasive BC of no special type be-
tween 32 and 85 years old (Table 1). They did not carry germline
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Table 1
Cohort of 40 men affected by breast cancer of no special type. ER: Estrogen
Receptors; PR: Progesterone Receptors.

Number (%)

Age at onset (years) <40 1(2.5)
40-49 2(5)
50-59 7 (17.5)
60-69 13 (32.5)
70-79 12 (30)
>80 5(12.5)
Total 40 (100)

Immunochemistry ER + 39 (97.5)
PR + 33(82.5)
Her2 amplification 1(2.5)

Other cancers Prostate 6 (15)
Bladder 1 (2.5)
Seminoma 1(2.5)

pathogenic single nucleotide or copy number variant in 37 previously
tested cancer-predisposing genes (Supplementary Table 1). All patients
were born XY males and self-identified as men. According to French
regulation, they had given informed written consent for genetic analysis
for research purposes. We performed MS-HRM with EpiMelt BRCA1 kit
(Methyldetect) on DNA extracted from blood samples of each patient.

In MBPM-positive patients, we performed MS-HRM on DNA extrac-
ted from buccal swabs and fresh frozen tumour samples, as well as in
available blood samples from affected relatives. Genomic tumour anal-
ysis consisted in targeted sequencing of more than 500 genes involved in
cancer, detection of deletions causing loss of heterozygosity (LOH) at the
BRCA1 locus, and a Shallow Whole Genome Sequencing to count “large-
scale genomic alterations” (LGA), ie. copy number variations larger
than 10 Mega-bases. Counting LGA is an effective method for detecting
homologous recombination deficiency (HRD) [8,12,13]. A tumour is
considered HRD with a high level of certainty when it carries more than
20 LGAs.

3. Results

Two patients (5 %) carried MBPM (Fig. 1), a similar proportion as in
the non-cancer female population, and much less than in a previous
cohort of female family breast/ovarian cancer (44 %) [5,6,8].

Clinically, Patient 1 was diagnosed at age 83 years with a tumour
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expressing estrogen receptors (ER) and progesterone receptors (PR),
without Her2 overexpression. Treatments included mastectomy with
lymphadenectomy (4 out of 19 lymph nodes invaded) followed by
adjuvant chemotherapy and radiotherapy. He had no clinical recurrence
after six years of hormonotherapy. No other personal or family history
were noted.

The medical history of Patient 2 included excess weight, diabetes,
and arterial hypertension. His BC was diagnosed at age 69 years and
expressed ER but not PR, without Her2 overexpression. He was treated
by mastectomy with lymphadenectomy (0 of 6 lymph nodes invaded).
He could not receive chemotherapy because of his comorbidities, but he
underwent adjuvant radiotherapy and maintenance hormonotherapy.
No clinical recurrence was noted four years after surgery. Several BCs
were reported in his family (Fig. 2).

In Patient 1, MBPM was detected in <1 % of alleles in blood. As
expected for a constitutional mosaic event, the proportion of methylated
alleles was different in another non-cancerous tissue: ~10 % in buccal
mucosal smears. In Patient 2, ~50 % of alleles were methylated in blood,
and between 10 % and 50 % in buccal mucosal smears. His female
cousin, affected with a bilateral BC at age 45 years and a third BC at age
63 years, was also analysed (Fig. 2). She had no gPV in 7 BC predisposing
genes (BRCA1, BRCA2, PALB2, RAD51C, RAD51D, CDH1, TP53) and no
MBPM detected in blood.

We then explored tumours from Patients 1 and 2. BRCAI methyl-
ation could be detected in both patients, but at lower levels than in non-
cancerous tissues: ~1 % in Patient 1 and ~10 % in Patient 2. These
results suggested that tumours did not arise from cells carrying BRCA1
methylation, and that BRCA1 methylation was detected from adjacent
non-cancerous tissue in those tumour samples. Tumour DNA sequencing
showed no genetic variants of interest, and no LOH at the BRCA1I locus.
Contrary to BC from female MBPM carriers, none of the two tumours
presented an HRD signature, with only 3 and 9 LGAs in Patient 1 and
Patient 2, respectively [8].

The reduced level of BRCA1 methylation in tumour samples
compared to non-cancerous samples, the absence of BRCA1 LOH, and
the absence of HRD signature were consistent with the absence of cau-
sality between MBPM and BC in these two patients.

40 men affected
by breast cancer

|

BRCA1-specific MS-HRM
on DNA extracted from blood

38 without detectable
BRCA1 promoter methylation
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Genomic tumour analysis

Fig. 1. Study design and graphic representation of BRCA1 (NM_007294) promoter analysis. BRCA1-specific Methylation-Sensitive High-Resolution Melting (MS-
HRM) analyse 6 CpGs located in core BRCA1 promoter, nearby transcription start site. Unmethylated CpGs are represented by empty circles, methylated CpGs are

represented by black-filled circles.
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Patient 1
Blood: <1%
Buccal swab: ~10%
Tumour: ~1%
No HRD
No BRCA1 LOH
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Patient 2 Blood: 0%
Blood: >50%

Buccal swab: 10-50%

Tumour: ~10%
No HRD
No BRCA1 LOH

Fig. 2. Pedigrees of the first reported men affected by breast cancer who carry mosaic BRCAI promoter methylation. BRCA1 methylation levels are indicated. Breast
cancer patients are shown in black. HRD: homologous recombination deficiency; LOH: loss of heterozygosity.

4. Conclusions and discussion

Overall, this work found no evidence of the involvement of MBPM in
male BC predisposition. These negative results appeared surprising
regarding the role of MBPM in female BC predisposition. Male and fe-
male BCs are molecularly distinct diseases, but they share several pre-
disposing genetic factors, such as gPV in BRCA1, BRCA2, PALB2 or
CHEK2 [2]. In women, the relative risk of early-onset BC (before the age
of 40 years) is up to 33 for BRCA1 gPV-carriers, while it is estimated only
around 3.5 for MBPM-carriers [6,14]. Consequently, a significant frac-
tion of BCs observed in MBPM-carrying women is not due to MBPM [7].
Here, we report the first two cases of MBPM in males affected by BC.
Their BCs were not due to MBPM. Further studies are needed to clarify
several pending questions. Larger cohorts could determine if MBPM is a
rare predisposition factor that we could not detect in our small popu-
lation. For instance, MBPM could increase risk of specific rare subtypes
of male BC, such as triple-negative BC. Moreover, the role of constitu-
tional epimutations in other genes, such as BRCA2 or PALB2, should be
studied in male and female BC predisposition.
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