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BRCA1 and BRCA2 genetic test in high risk patients
and families: Counselling and management
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Abstract. Hereditary breast cancer accounts for 5-10% of
all cases of breast cancer and 10-15% of ovarian cancer and
is characterised by dominant inheritance, early onset, the
severity of the disease and bilaterality. About 30% of cases
with hereditary breast and ovarian cancer have mutations in
the BRCA1 and BRCA2 genes. Women with a mutation in
the BRCA1 gene have a 80-90% lifetime risk of developing
breast cancer, and 40-65% chance of developing ovarian
cancer. Most studies carried out throughout the world indi-
cate that the prevalence of BRCA1 and BRCA2 mutation
is lower than originally suggested by early studies on large
families with several affected members. Studies performed
in Italy have reported different prevalence of BRCA1
and BRCA2 mutations, probably due to different selection
criteria and to the variability of the techniques used. In
this study, we performed a screening of BRCA1 and BRCA2
in families from northern Italy with familial recurrence
of breast cancer or ovarian cancer in which the individual
risk of patients of being carriers of BRCA1 and BRCA2
mutation was evaluated using BRCAPRO (CAGene) soft-
ware. We enrolled 27 patients of 101 unrelated families
selected when they fulfilled the inclusion criteria of the
American Society of Clinical Oncology (ASCO). Specific
risk evaluation, genetic test administration if needed,
and discussion of the results were offered during multi-
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disciplinary genetic, surgical and psychological coun-
selling. Seven probands (35%) found BRCA1/2 sequence
variation carriers; no BRCA1 and BRCA2 mutations were
detected in the remaining 13 probands. Two (15%) patients
had BRCA1 mutations and 5 (25%) patients had BRCA2
mutations. In the latter case, BRCA2 delA 9158fs+29stop
mutation in exon 22, never previously described and a
new sequence variation (T703N) in exon 11 were
identified.

Introduction

Breast cancer is the most common malignancy in women in
the Western world (1,2). Hereditary breast cancer accounts
for 5-10% of all cases of breast cancer and 10-15% of ovarian
cancer and is characterised by dominant inheritance, early
onset, severity of the disease and bilaterality (3).

Linkage analysis in large kindreds with hereditary breast
cancer has identified two genes, BRCA1 (1721, OMIM
113705) and BRCA2 (13q14, OMIM 600185), whose
mutations cause a high lifetime risk of breast cancer and
ovarian cancer (4,5).

Some (approximately 30% of cases) individuals with
hereditary breast and ovarian cancer have mutations in
the BRCA1 and BRCA2 genes (6,7). Some authors have
reported that germline mutations in the breast and ovarian
cancer susceptibility genes BRCA1 and BRCA2, confer a
high risk of developing breast and ovarian cancer. Women
with a mutation in the BRCA1 gene have a 80-90% life-
time risk of developing breast cancer and 40-65% chance of
developing ovarian cancer. For BRCA?2 gene mutation carrier,
the estimated cumulative risk of breast cancer is 28% by
the age of 50 and 84% by the age of 70. The risk of ovarian
cancer is 0.4% by the age of 50 and 27% by the age of 70
years (8-10).

Risk factors include personal/family history of early
onset breast cancer, ovarian cancer, multiple family members
with breast/ovarian cancer, male breast cancer, multiple
primary breast/ovarian cancers in one individual and
Ashkenazi Jewish ancestry (11). Most studies carried out
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throughout the world indicate that the prevalence of
BRCA1 and BRCA2 mutation is lower than originally
suggested by early studies on large families with several
affected members (8,12,13).

In providing genetic counselling to individuals at risk of
BRCA1 and BRCA?2 mutations, tools have been developed to
aid in providing risk assessment. These include BRCAPRO,
Myriad 11, BOADICEA, UPenn, and UPennll, among
others. Although it varies between institutions, BRCAPRO
is commonly used in clinical practice and is the primary
tool used in the present study. The BRCAPRO Bayesian
probability model [accessed through CancerGene (http://
www3.utsouthwestern.edu/cancergene/)] is a computer-
based program that predicts the likelihood of identifying a
BRCA1 and BRCA2 mutation, given family history. This
model was developed using mutation rates of Ashkenazi
Jewish and other European populations (14-19).

Nanda et al (20), reported that BRCAPRO was as
sensitive for African Americans as it was for Ashkenazi
and European controls. Studies performed in Italy reported
different prevalence of BRCA1 and BRCA2 mutations,
probably due to the different selection criteria and to the
variability of the techniques used (12,13,21,22).

It is essential to identify and provide genetic counselling
for women who are at high risk, in order to assess the
individual disease risk, calculate the probability of mutation-
carrier status, offer genetic analysis, advise women on the
need for an intensified early detection on cancer, provide
preventive care and prophylactic surgery and offer psycho-
logical support (23,24).

Rapid advances in susceptibility genetic testing for
hereditary breast cancer have modified clinical practice.
Large epidemiology studies of gene carriers have been
conducted to identify potential risk modifiers. Depending
on her level of risk, a women may opt for intensive follow-
up with magnetic resonance (25-28) or for prophylactic
surgery (29,30).

In this study, we screened BRCA1 and BRCA?2 in families
from northern Italy with familial recurrence of breast cancer
or ovarian cancer in which the individual risk of patients to
be carriers of BRCA1 and BRCA2 mutation was evaluated
using BRCAPRO (CAGene) software.

We enrolled 27 patients of 101 unrelated families selected
for this analysis when they fulfilled the inclusion criteria
by the American Society of Clinical Oncology (ASCO) (8).

Seven probands (35%) found BRCA1/2 sequence
variation carriers; no BRCA1 and BRCA2 mutations were
detected in the remaining 13 probands. Two (15%) patients
had BRCA1 mutations and 5 (25%) patients had BRCA2
mutations. In the latter case, BRCA2 delA 9158fs+29stop
mutation in exon 22, never previously described and a new
sequence variation (T703N) in exon 11 was identified.

Materials and methods

Patients. DNA from 20 patients from 20 different families
were screened for BRCA1 and BRCA2 mutations. In all
cases, DNA was collected with their informed consent and
the study was approved by the Local Ethics Committee.
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Figure 1. The flow chart outlines the steps from patients recruiting to genetic
tests providing genetic counselling.

Table I. BRCAL1 sequence variations detected in this study.

Exon/intron Variant Effect No. of patients
Intron 1 134 T-C P2 8
Exon 5 C64R M= 2
Intron 7 -34 C-T P 5
Intron 8 -58 delT P 8
Exon 9 C197C P 2
Exon 11 Q356R P 2
Exon 11 D693N P 1
Exon 11 S694S S 11
Exon 11 L771L S 11
Exon 11 P871L P 11
Exon 11 E1038G P 11
Exon 11 K1183R P 11
Exon 13 S1436S S 7
Exon 16 S1613G P 3
Intron 14 -63 C-G P 7
Exon 16 M16521 P 1
Intron 16 -68 A-G P 7
Intron 16 -92 A-G P 7
Intron 17 +66 G-A P 4
Intron 18 +66 G-A P 8

2P, polymorphism; M, mutation; S, synonimous.

Biological samples. Genomic DNA was extracted from 200 ul
of EDTA-anti-coagulated blood with use of the QIAamp
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Table II. BRCA2 sequence variations detected in this study.
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Exon/intron Variant Effect No. of patients
Intron 1 27 G-A P 5
Exon 2 203 G-A 5'UTR P 3
Intron 4 +66 A-C P 1
Intron 4 -90 T-C P 1
Intron 8 909+56 C-T P 1
exon 10 N372H P 7
Exon 10 N289H P 1
Exon 10 458 stop M2 1
Intron 10 -74 T-C P 3
Exon 11 T703N Novel 2
variation
Exon 11 V1270V Sa 4
Exon 11 K1132K S 9
Exon 11 T1915M P 1
Exon 11 H723H S 1
Intron 14 +53 C-T P 1
Exon 14 S2414S S 8
Intron 16 -14 C-T P 8
Intron 16 -15C-T P 1
Intron 21 -66 T-C P 9
Exon 22 Q2960stop M 1
Exon 22 del A 9158 fs+ 29Stop M 1
Intron 22 +99 T-C P 1
Exon 27 10590 A~C 3' UTR P 3
Exon 27 10854 A-G seq Alu P 3
Exon 27 10482+108 A-C 3' UTR P 1

2P, polymorphism; M, mutation; S, synonimous.

DNA Blood Mini Kit and according to the manufacturer's
instructions (Qiagen). Primers for PCR amplifications were
obtained from MWG Biotech. PCR reactions were carried
out in a 50-u1 volume with 100 ng of template genomic
DNA, 200 #M each of the deoxynucleotide triphosphates,
10 mM Tris-HCI (pH 8.3), 50 mM Kcl, 2 mM MgCl,, 1.5 U
of AmpliTaq Gold (Applied Biosystems), and 25 pmol of
each primer.

DHPLC analysis and sequence. All encoded exons and
intron-exon boundaries together with 5' and 3' UTR of
BRCAI1 and BRCAZ2 genes were analysed.

Mutation analysis was performed according to a
previously described method (31-33) on a Transgenomic
WAVE System equipped with a preheated C18 reversed-
phase column based on non-porous poly(styrene/divinyl-
benzene) particles (DNASep™ ; Transgenomics). The melting
characteristics of the DNA fragments were predicted by
using Wavemaker™ software. Direct sequencing confirmed
the findings from the dHPLC analysis. Variants with altered
elution profiles in dHPLC were sequenced directly in both
directions with the appropriate primers.

Results

Between October 2006-October 2007, 101 patients under-
went genetic counselling at the Breast Cancer Unit of the
Spedali Civili of Brescia University. Eighty-nine patients had
positive familial breast and ovarian cancer history; 6 were
young women (<40 years old) with monolateral breast or
ovarian cancers; 3 women had bilateral breast cancer and 3
patients were males. The cases included 98 Italian females
and 3 Italian males; the mean age of the probands was 52.2
years for the females and 49 years for the males ranging
between 24 and 86 years. The first step was determining the
potential risk of being a BRCA1/2 mutation carrier using the
BRCAPRO programme. Only patients with a score 210%
were eligible for the genetic tests; a total of 27/101 (26.73%)
patients. Of these, 20 patients, 19 female and 1 male,
accepted the mutational screening analysis of BRCA1/2 genes.
Thirteen patients (65%) did not have any mutations in
BRCA1/2 genes and 7 (35%) were carriers of germ line
mutations in BRCA1/2. Two (10%) patients had BRCA1
mutations and 5 (25%) patients had BRCA2 mutations
(Fig. 1). As shown in Tables I and II, the BRCA1 mutation
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Figure 2. Pedigrees of patients with positive test. Arrow indicates the proband, point into empty symbol indicates unaffected carrier, full symbol affected

subject.

C64R in exon 5 was found in 2 unrelated patients: a 39-year-
old unaffected woman with a strong history of cancer and a
34-year-old patient (patient 17) with monolateral breast
cancer diagnosed at the age of 27 and with strong family

history for breast, ovarian, and brain cancer, and hepato-
cellular carcinoma (Fig. 2B). The BRCA?2 458 stop mutation
in the exon 10 was found in an asymptomatic 48-year-old
woman (patient 4). This patient was addressed to genetic
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counselling because of the high incidence of breast cancer in
her family. The BRCA2 sequence analysis was extended to
the daughter of patient 4. This asymptomatic 18-year-old
woman was a carrier of the same mutation as detected in her
mother. The nephew (the son of the dead sister of patient 4)
did not have any mutations (Fig. 2C).

The BRCA2 Q2960stop mutation in exon 22 was present
in a woman with breast cancer diagnosed at the age of 42
with positive cancer family history for breast, prostate and
lung cancers. A 49-year-old male (patient 10, died at the age
of 51) affected by breast cancer and with family history for
prostate cancer and hepatocarcinoma had the BRCA2 delA
9158fs+29stop mutation in the exon 22, never previously
described (Fig. 2A). A new sequence variation (T703N) in
exon 11 of BRCA2 gene was identified in two unrelated
women. This was in an amino acid change in position 703
from threonine (T) to asparagine (N). The bio-computer
tool Polyphen predicted that such an amino acid substitution
could not alter the structure and function of the BRCA2
protein. This new variation was found in a 40-year-old
female (patient 14) with breast cancer and with positive
family history (Fig. 2D). The same sequence variation was
also detected in an unaffected 56-year-old woman with
a family history of cancer (her mother and grandmother
died from ovarian cancer). Finally, several polymorphisms
previously described and not considered pathogenetic
were found both in BRCA1 and BRCA2 genes (Tables I
and II). The BRCA1/2 genetic test analysis was proposed,
after extensive genetic counselling to the high risk family
members of probands no. 10, 17, 4 and 14 (Fig. 2).

Here, we briefly describe the results obtained. The son
of patient 10 (19 years old, asymptomatic) was a carrier of
the BRCA2 delA 9158fs+29stop mutation, detected in his
father; patient 10's sisters (54 and 42 years old, unaffected)
did not have the mutation (Fig. 2A). The mother of patient
17 (60 years old) with breast cancer diagnosed at the age
of 59 had the same BRCA2 C64R mutation detected in her
daughter; while patient 17's sister (45 years old; unaffected)
did not have the mutation (Fig. 2B). Patient 4's sister (died
at the age of 47, from breast cancer diagnosed at the age
of 37) and her daughter (18 years old) had the same BRCA2
458stop mutation (Fig. 2C). Patient 14's sister (44 years
old) with breast cancer did not have the BRCA2 mutation.
Another sister affected by breast cancer (42 years old)
(Fig. 2D) was also negative.

The unaffected mutation carriers identified after the
extension of the BRCA1/2 mutational screening test to
the proband's family members are now being monitored
periodically to give adequate clinical surveillance.

Discussion

Recently, several reports have been carried out on hereditary
breast and ovarian cancer, especially after identification of
BRCAL1 and BRCA2 genes. Several authors have identified
(12,13,21,34) mutations in BRCAT1 and 2 genes in Italian
populations and many others have reported prevention
options to reduce risk.

Molecular analysis of BRCA1 and BRCA?2 in various
populations have shown a very large mutational spectrum
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and a variable mutation prevalence related to the different
techniques used, to the criteria of selection and to the ethnic
origins of patients (20,35).

In this study, 20 Italian probands from 101 selected
unrelated Italian families with history of breast or ovarian
were enrolled for mutational analysis screening of BRCA1/
BRCA2 genes: 16 probands had high familial risk of breast
and ovarian cancer; 2 probands had bilateral breast cancer
and 2 patients were males with breast cancer. Our selection
criteria based on the software BRCAPRO considered those
probands which had a probability of being a carrier >10% as
being recruitable for the genetic test. Specific risk evaluation,
genetic test administration if needed and discussion of the
results were offered during multidisciplinary genetic, surgical
and psychological counselling.

Seven probands (35%) showed BRCA1/2 sequence
variation carriers; no BRCA1 and BRCA2 mutations were
detected in the remaining 13 probands. Two mutations
were found in BRCA1 gene and 4 sequence variations were
detected in BRCA2 gene (three mutations and one not
previously described sequence variation found in two different
patients). In the three previous screening studies carried out
in Italy, on the entire BRCA1/BRCA2 sequences, Stuppia et al
(21) detected mutations in 11.7% of 128 related Italian
patients (68 Italian families), Ottini ez al (13) detected
mutations in 8% of 136 Italian patients, while Santarosa et al
(12) found mutations in 37% of cases from 57 selected Italian
families. These different detection rates were clearly due to the
different selection criteria used, since Santarosa et al (12) used
more stringent criteria of autosomal-dominant predisposition.
The carrier percentage (35%) found here was similar to
Santarosa et al (37%) and was higher to those found in the
other two Italian studies based on unselected Italian patients
(21,13). Our results confirm the importance of using
BRCAPRO software in selecting probands for subsequent
genetic test (15). BRCAPRO uses information on male and
female relatives, unilateral/bilateral breast cancer, and ovarian
cancer cases in the family to give a percentage risk of being a
carrier. The model also incorporates published gene
frequencies and data on BRCA1 and BRCAZ2 penetrance.

Our data indicate that the detection rate of BRCA1/
BRCA2 mutations in our families with BC or OC from the
central Italy is 35%, confirming that, in clinical practice,
most families attending genetic counselling for hereditary
BC have a low risk of BRCA1/BRCA2 mutations (8).

In our case study, we found one male patient affected
by breast cancer with the BRCA2 mutation. Male breast
cancer accounts for less than 1% of all cancer in men.
Evidence from several studies implicate pathogenetic
BRCA?2 germ line mutations and, with less often, BRCA1
in male breast cancer. Indeed, mutation frequencies ranged
from 4-40% for BRCA2 and up to 4% for BRCA1 (36).
Ottini et al (37) reported that constitutional BRCA1 and
BRCA?2 mutations accounted for 16% of male breast cancer.

It is relevant therefore, to consider that in 13/20 (65%)
probands there were no BRCA1/2 mutations. In this study,
we used DHPLC to identify BRCA1/2 point mutations, small
deletions and insertions. It is known that this technique does
not detect genomic rearrangement (gene duplications, large
deletions) found in 12-15% of the patients who are negative
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to DHPLC analysis. Furthermore, we can not exclude the
presence of mutations in other susceptibility genes (38,39).
Thus, the diagnostic iter followed during management of
patients/probands recruiting in our breast cancer unit was:
1) selection of high risk probands using BRCAPRO soft-
ware (p>10%); i1) administration of the genetic test to
look for BRCA1/2 mutations in the patients enrolled;
iii) If the genetic test was negative: a) further investigation
(MLPA assay to search for eventual genomic rearrange-
ments); b) pS3 sequencing in patients with familial cancers
associated with the Li-Fraumeni syndrome. In our case
study, considering positive familial history for different types
of cancer (ovarian, thyroid, kidney cancer, osteosarcoma),
patient 17 (Fig. 2) might be candidate for p53 mutational
analysis test (in progress); iv) in the case of positive tests,
during genetic counselling, drugs treatment and surgical
options are presented and described to the patient together
with adequate clinical and radiological surveillance; v)
evaluation of genetic test results using Polyphen and/or
HGMD to predict the impact of an eventual new variation
on the BRCA1/2 protein or to verify whether a variation
has already been described.

To our knowledge, the sequence variation T703N
(Table II) found in our study, has not been described
before. As mentioned in Results, the Polyphen predicted
that such amino acid substitution would not alter the
function of BRCA2 protein. This, together with the fact
that the 2 sisters of patient 14 with breast cancer were not
carriers of the sequence variation, and with the identification
of this variation in an unaffected 56-year-old women with
ovarian cancer family history, could suggest that T703N may
be a new SNP. Nevertheless, we believe it would be useful
to carry out future case-control studies to find the role of
T703N sequence variations. The other new variation delA
9158fs+29stop found here, is clearly a pathogenetic mutation
since it causes BRCA2 protein premature truncation.

According to international guidelines for genetic tests,
we chose to offer the genetic testing first to the affected
individual and afterwards extended it to unaffected family
members at risk. BRCA2 mutation analysis extended to
some proband family members, allowed us to identify
mutation carriers. For example (Fig. 2), patient 10's son
(19 years old) and patient 4's daughter (18 years old)
were carriers of the delA 9158fs+29stop new mutation
and BRCA2 458stop mutation, respectively. They have
now been informed about their predisposition and the
risks of developing breast/ovarian cancers and adequate
surveillance is ongoing.

The effectiveness of surveillance in high-risk women
and especially BRCA1/2 mutation carriers is unknown. Our
surveillance includes: i) breast self examination (monthly),
starting at the age of 18; ii) breast clinical control twice a
year in association with ultrasounds starting at the age of
25; iii) annual mammograms and/or magnetic resonance
(MR) from the age of 25 or individualized according to the
earliest onset age in the family; iv) trans-vaginal ultrasound
and CA125 measurement twice a year. Surgical prevention
includes: 1) prophylactic mastectomy that offers the greatest
reduction in breast cancer risk (95%) (29,30); ii) prophylactic
oophorectomy before the age of 40 is associated with a 50%
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reduction in the risk of breast cancer and 80% reduction
risk of ovarian and peritoneal cancer (41).

Chemoprevention with Tamoxifen has been shown to
reduce the risk of breast cancer by 50% in women at high
risk. In addition, Tamoxifen has been shown to prevent
contra-lateral breast cancer in women with a BRCA1 or
BRCA2 mutation (30).

In conclusion, we believe that the diagnostic iter
guidelines and the management of our patients could
be fundamental in identifying individuals at high risk of
breast cancer development and to apply adequate surveil-
lance protocols in the early stage of the pathology (or
prior) with subsequent increased survival and improved
quality of life.
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