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ABSTRACT

CONTEXT AND OBJECTIVE: BRCA1 and BRCA2
are the two principal hereditary breast cancer
susceptibility genes, and the prevalence of their
mutations among Brazilian women is unknown.
The objective was to detect BRCA1 and BRCA2
mutations in Brazilian patients with breast cancer,
so as fo establish genetic profiles.

DESIGN AND SETTING: Cross-sectional study, in
Centro de Atengdo Integral & Sadde da Mulher,
Universidade Estadual de Campinas, Brazil, and
Institute of Pathology and Molecular Immunology,
University of Porto, Portugal.

METHODS: Thirty-one breast cancer patients with
positive family history (criteria from the Breast
Cancer Linkage Consortium) were studied, and
genomic DNA was extracted from peripheral
blood. Single-strand conformation polymorphism
was used for the analysis of exons 2, 3, 5, and
20 of BRCAT. Cases showing PCR products with
abnormal bands were sequenced. Exon 11 of
BRCAT and exons 10 and 11 of BRCA2 were
directly sequenced in both directions.

RESULTS: Four mutations were detected: one in
BRCA1 and three in BRCA2. The BRCAT muta-
tion is a frameshift located at codon 1756 of
exon 20: 5382 ins C. Two BRCA2 mutations
were nonsense mutations located at exon 11:
$2219X and the other was an unclassified vari-
ant located at exon 11: C1290Y.

CONCLUSION: The BRCA1 or BRCA2 muta-
tion prevalence found among women with
breast cancer and such family history was 13%
(4/31). Larger studies are needed to establish
the significance of BRCA mutations among
Brazilian women and the prevalence of specific
mutations.

KEY WORDS: Breast neoplasms. Hereditary
diseases. BRCA1 gene. BRCA2 gene. Base

sequence.
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INTRODUCGCTION
Epidemiological studies have revealed

several risk factors associated with increased
susceptibility to breast cancer. Among these,
familial history is one of the most important.
Five to 10% of breast tumors are believed to
be hereditary,* and about 30% of young
women who develop breast cancer are likely
to show a genetic pattern of predisposition
to the disease. This hypothesis is confirmed
if these women go on to develop bilateral
carcinomas associated with other neoplasias
such as carcinoma of the ovary or colon,
or if they show an autosomally dominant
inheritance pattern.*

In this context, and particularly in high-
risk families, the most important tumor sup-
pressor genes associated with breast cancer
are BRCA1 and BRCA2. Women who carry
BRCA1 mutations have a probability of about
80% for developing breast cancer, and 40 to
60% for developing ovarian cancer during
their lifetime.” Moreover, these women have
a 65% probability for developing a second
breast carcinoma if they reach the age of 70.5%
Women who carry BRCA2 mutations have
a likelihood of developing breast cancer of
about 85%.%%

BRCA1 is a tumor suppressor gene
mapped to position g21 of chromosome 17. It
is made up of more than 80 kb, distributed in
22 exons, coding for a protein of 1,863 amino
acids.'™'" Exon 11 comprises 60% of the gene,
making it the main target for mutation detec-
tion. BRCA2 is another tumor suppressor gene
mapping to locus 13q12, comprising 10.4
kb and organized in 27 exons that code for a
protein of 3,418 amino acids.'>'* Mutations in
both BRCA1 and BRCA2 are spread through-
out the entire gene. More than 600 mutations
of BRCA1 and 450 mutations of BRCA2 have
been described, according to the Breast Cancer
Information Core website (BIC).'

There are several methods for identify-
ing BRCA mutations. The choice of method
depends on the resources available in the labo-
ratory and on the existence of any previously
identified mutation in the family or in the
patient’s ethnic group, although identification
should always be confirmed by sequencing.

The aim of this study was to detect
BRCA1 and BRCA2 mutations in a group
of Brazilian patients with breast cancer, in
an attempt to establish a genetic profile for
this population. This information would
facilitate BRCA1 and BRCA2 mutational
screening in the Brazilian population.
Moreover, the detection of mutations in
the patient’s family allows identification of
individuals at high risk, who are then able
to seek genetic counseling.

METHODS

INFORMED CONSENT

Clinical information, pathology reports,
slides, paraffin blocks and blood samples were
obtained with the informed consent of pa-
tients under the guidelines and approval of the
Research Ethics Committee of the School of
Medical Sciences, Unicamp, and the National
Committee for Ethics in Research (Conep).

PATIENT SELECTION

Thirty women and one man with a
diagnosis of carcinoma of the breast and a
positive family history of breast cancer, who
were receiving treatment at the Breast Cancer
Outpatient Department of Centro de Atengio
Integral & Sadde da Mulher, Universidade
Estadual de Campinas (CAISM/Unicamp),
Brazil, were identified and invited to partici-
pate in this study. The criteria for the identi-
fication of individuals at high risk were based
on the Breast Cancer Linkage Consortium"
criteria: early onset (at less than 45 years
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of age) and/or bilaterality; more than three
cases of breast cancer and more than one case
of ovarian cancer in the family; more than
two first-degree relatives involved; and male
breast cancer.

Genomic DNA was extracted from pe-
ripheral blood using the phenol:chloroform
method, following a standard protocol.' We
performed molecular analysis on exons 2, 3,
5, 11 and 20 of the BRCAI gene and exons 10
and 11 of the BRCA2 gene. For this study, we
used single-strand conformation polymor-
phism and direct sequencing methods.

Single-strand conformation polymor-
phism (SSCP) was used for the analysis
of exons 2, 3, 5, and 20 of the BRCAI
gene. The primers used for these exons
are described in Table 1. The polymerase
chain reaction (PCR) was carried out using
250 ng of DNA, 1 x PCR buffer with 1.5
mM of MgCl, (Amersham Biosciences,
Piscataway, New Jersey), 200 pM of each
dNTP (Amersham Biosciences, as above),
10 pmol of each primer, 1U of 7zg DNA
polymerase (Amersham Biosciences, as
above) at a final volume of 25 pl. The PCR
conditions were 96° C for five minutes,
then 35 cycles of 30 seconds at 96° C, 30
seconds at the annealing temperature of
the primer, 1 minute at 72° C followed by
one cycle at 72° C for 10 minutes. For the
SSCP analysis, the PCR reaction products
were diluted in 1:1 loading buffer (95%
formamide, 0.05% bromophenol blue and
0.05% xylene cyanol), and denatured at
98° C for 10 minutes. Electrophoresis of
the denatured PCR products was carried
out in non-denaturing 0.8 X detection en-
hancement gels (BMA, Rockland, Maine)
at 170 W for 16 hours. In all the cases in
which SSCP analysis showed an abnormal
electrophoretic pattern, the sample was
sequenced in both directions.

PCR products with abnormal bands in
the SSCP pattern were sequenced. In addi-
tion, in each patient sample, exon 10 of the
BRCA2 gene and 11 of both BRCA genes
were directly sequenced in both directions.
Exon 11 of the BRCAI gene was divided
into 12 overlapping fragments. Exon 10
of the BRCA2 gene was divided into four

overlapping fragments and exon 11 was
divided into 16 overlapping fragments
(primer sequences are described in Tables
1 and 2). Sequencing was performed by the
dideoxy chain termination method, using
Big Dye® technology (Applied Biosystems,
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Foster City, California). The sequencing
primers were the same as those used for
PCR. The cycling conditions were as fol-
lows: 960 C for five minutes, then 35 cycles
of 30 seconds at 94° C, 30 seconds at 51°
C, four minutes at 60° C, followed by one

Table 1. Primer list used for the analysis of exons 2, 3, 5, 11 and 20 of the BRCA1 gene

Annealing temperature

Exon 2 F: GAA GTT GTC ATT TTA TAA ACC TTT 57°C
R: TGT CTT TTC TTC CCT AGT ATG T 57°C

Exon 3 F: TCC TGA CAG AGC AGA CAT TTA 587 C
R: TIG GAT TTT CGT TCT CAC TTA 58¥C

Exon 5 F: CTC TTA AGG GCA GTT GTC AG 58°C
R: TTC CTA CTG TGG TTG CTT CC 58°C

Exon 20 F: ATA TGA CGT GTC TGC TCC AC 57°C
R: GGG AAT CCA AAT TAC ACA GC 57°C

Exon 11 1 F: CCA AGG TGT ATG AAG TAT GT 57°C
R: GAT CAG CAT TCA GAT CTA CC 57°C

2 F CTC ACT AAA GAC AGA ATG 56°C

R: CTT TCT GAA TGC TGC TAT 56°C

3 F CAG AAA CTG CCATGC TTC AGA 56°C

R: AGG CTT GCC TTC TTC CGA TA 56°C

4 F GTT CAC TCC AAA TCA GTA GAG AG 56°C

R: CAG CTT TGC TTT TGA AGG CAG 56°C

5 F CCT AAC CCA ATA GAATCA CTC G 56°C

R: GAA CCA GGT GCATTT GTT AAC TTC 56°C

6 F CAG CGA TAC TTT CCC AGA GC 56°C

R: GTC CCT TGG GGT TTT CAA A 56°C

7 F CTG GAA GTT AGC ACT CTA GG 56°C

R: GTT GCA CAT TCC TCT TCT GC 56°C

8 F CCG TTT TCA AAT CCA GGA AA 56°C

R: TGA TGG GAA AAA GTG GTG GT 56°C

9 F GAG GCA ACG AAA CTG GAC TCA 56°C

R: CTC AGG TTG CAA AAC CCC TA 56°C

10 F AAC AGA GGG CCA AAATTIG AA 56°C

R: GGG TGA AAG GGC TAG GAC TC 56°C

11 F AAA GCG TCC AGA AAG GAG AGC 56°C

R: GCC TTT GCC AAT ATT ACC TGG 56°C

12 F CAT TGA AGA ATA GCT TAA ATG 56°C

R: CCT GGT TCC AAT ACC TAA GTT 56°C
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Table 2. Primer list used for the analysis of exons 10 and 11 of the BRCA2 gene

Exon 10

Exon 11

GTG CTT CTG TTT TAT ACT TT
CCATTA GAT TCA AAT GTA G

CTC ATT TGT ATC TGA AGT GG
GAG AGA TGA AGA GCA GCATC
GCC ATT AAA TGA GGA AAC AG
GAT AAT GGA AGC TGG CCA GC
CTG TIT GCT CAC AGA AGG AG
GAT TCA GGT ACC TCT GTC

AGT GAA TGT GAT TGA TGG TAC
CAT GCT GCA GCC AAG ACC TCT
GAA GGA CAG TGT GAA AAT G
CCTTTIC TTG AAG GTG ATG C
AAG ATG TAT GTG CTT TAA ATG
CTC CTC TGC AAG AAC ATA AAC
AGA CAC AGG TGA TAA ACA AG
CAA GGT ATT TAC AAT TTC AA
GCT CTC TGA ACA TAA CAT TAA G
CAT TAT GAC ATG AAG ATC AG
TAT CTT AAA GAC CAC TTC TG
TGA AAC AAC AGA ATC ATG AC
CTT CTG CAG AGG TAC ATC

CAG TAA ATA GCA AGT CCgq

TTT GAT GGC AGT GAT TCA AG
CTT ATG TCA GAA TGT AAT TC
ATC AGA AAC CAG AAG AAT TG
ATC TCA ATG GTC TCA CAT GC
CAG AGA GGC CTG TAAAGA C
GAA GTC TGA CTC ACA GAA G
TGA AAA TTC AGC CTT AGC

GCA TCT TTT ACA TTG GAT

GTA TTG AGC CAG TAT TGA AG
TGC CTC GTA ACA ACC TGC CAT
GTT TCA GTA AAG TAA TTA AG
AGA TTT TCC ACT TGC TGT GC
AAG TCA GTC TCA TCT GCA A
GAA ACT TGC TTT CCACTT G
CAT CTG CTT TCT CTG GAT TTA
ATG TTC TCA ACA AGT GAC ACT
ATG TTG AAG GTG GTT CTT CAG
GTG ATT GGC AAC ACG AAA GG

Annealing temperature

52°C
52°C
56°C
56°C
56°C
56°C
5727 C
52°C

54°C
54°C
54°C
54°C
54°C
54°C
54°C
54°C
58°C
58°C
54°C
54°C
54°C
54°C
54°C
54°C
54°C
54°C
54°C
54°C
54°C
54°C
54°C
54°C
54°C
54°C
54°C
54°C
56°C
56°C
56°C
56°C

10-minute cycle at 60° C. The products
were purified using an MgCI /ethanol-
based protocol and run on an ABI 3100
sequencer (Applied Biosystems, as above).
The results were analyzed using the 3100
data collection software. The sequencing
was repeated twice for each sample to rule
out the possibility of PCR fidelity artifacts,
and was carried out in both directions.

RESULTS
In four cases (13%), changes in the nor-
mal sequence of BRCAl and BRCA2 genes
were identified: one of these mutations oc-
curred in the BRCAI gene and the other three
in the BRCA2 gene.
The alteration in exon 20 of BRCAl
was found in a patient who developed breast

cancer at the age of 33, and who has a first-
degree relative who had also developed the
disease. Furthermore, the anatomopathologi-
cal profile of the carcinoma presented several
characteristics that are usually associated with
hereditary carcinoma, such as c-erbB2 expres-
sion, negativity for hormonal receptors, and
high histological grade. Migration alterations
were found by SSCP and, after sequencing,
a mutation was found in nucleotide 5382,
codon 1756 of BRCA1 exon 20. This muta-
tion is referred to as 5382 ins C, according to
the BIC database. It is a frameshift mutation
that originates in a premature stop codon
(STOP 1829) and leads to the formation of a
truncated protein (Figure 1).

The BRCA2 mutations were detected in
two patients who developed the disease before
the age of 45 years and who have at least two
second-degree relatives with breast carcinoma.
After sequencing, the mutation was localized
in exon 11 of BRCA. This is a nonsense muta-
tion originating from a stop codon in nucleo-
tide 6885, referred to as S2219X according to
the BIC database (Figure 2).

The other BRCA2 mutation was also
found in exon 11 of BRCA2 in a patient who
developed the disease at the early age of 29
years, and who had no relatives affected by
breast cancer. The mutation is still an unclas-
sified variant according to the BIC database
and is referred to as C1290Y, so it is impos-
sible to affirm that it is not a pathogenic
mutation (Figure 3).

DISCUSSION
Cloning of the BRCA1' and BRCA2"

genes, the major genes known to confer

high risk of breast and ovarian cancer, has
resulted in the characterization of a large
number of mutations in both genes (Breast
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Cancer Information Core database). Apart
from specific ethnic groups, there is no
predominant mutation to account for the
majority of cases of inherited breast cancer.
In some places, recurrent mutations have
been described which facilitate the search for
mutations in both genes. In spite of the high
prevalence of breast cancer in the Brazilian
population, there has not been any system-
atic study of BRCA1 and BRCA2 mutations
among breast cancer patients with a family
history of the disease.

In the present study, we analyzed 31
breast cancer patients selected according to
the criteria adopted by the Breast Cancer
Linkage Consortium" for hereditary breast
cancer. We detected four mutations (13%),
one in BRCA1 and three in the BRCA2 gene.
The BRCA1 mutation is a frameshift mutation
located at codon 1756 of exon 20: 5382 ins C.
This mutation has been previously described
in Ashkenazi Jews and is clearly associated
with an increased risk of breast cancer.'” The
woman with this mutation in the present
study developed breast cancer at 33 years of
age and she has a first-degree relative with
breast cancer. Considering the prevalence of
descendants of Ashkenazi Jews in the Brazil-
ian population, it is not surprising to find this
mutation in our group of patients.'s

All three BRCA2 mutations found in
our study are novel mutations. There were
two nonsense mutations located at exon
11: S2219X and one unclassified variant
located at exon 11: C1290Y. The S2219X
mutation was recently described in a Span-
ish population from Castilla-Leon." In that
study, this mutation was considered to be a
novel mutation in the Spanish population.
As far as we know, this is the first time that
this mutation has been described in the
Brazilian population. Although the ancestry
of these two patients was specifically inves-
tigated, neither of them was found to have
Spanish ancestors. Both developed breast
cancer before reaching 45 years of age and
both had two second-degree relatives with
breast cancer.

The method used in the present study,
namely direct sequencing, is an expensive tech-
nique, but it is the best technique for detecting
less frequent mutations and unclassified muta-
tions, as we found in our study sample. Thus,
in addition to selecting the patients according
to clinical-pathological criteria,® we should
also study specific populations in order to
detect recurrent mutations. This may allow us
to establish a more cost-effective mutational
analysis for this population.

In the present study, most of the muta-
tions detected were novel mutations, which in-
dicates that the mutational screening restricted
to prevalent mutations that has previously
been reported cannot be reccommended in our
population. The Brazilian population, like the
population of the United States, is ethnically
mixed, and founder mutations are therefore
rare or even absent. Many European muta-
tions have been observed in the United States
and Canada, reflecting European migration
to North America. Similarly, in many cases,
Central and South American families can
trace their origins to the period of Spanish or
Portuguese colonization. However, although
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a previous study in another South American
country also demonstrated mutations related
to the Ashkenazi Jews,?! previous studies car-
ried out by our group among a Portuguese
population? and a Spanish population from
Galicia® failed to show the murations that
were detected in the present study in the Bra-
zilian population. Further studies are necessary
for establishing the relevance of all of these
alterations in our population.

This is the first study to investigate
BRCAI and BRCA?2 mutations among Brazil-
ian patients with breast cancer. The identifi-
cation of BRCAl and BRCA2 mutations is
relevant for establishing preventive strategies

:
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20 130 140 150 160

|

Figure 1. (A) Single-strand conformation polymorphism pattern of exon 20 of the
BRCAT1 gene of wildtype DNA sample (N) and mutated DNA (M) sample; (B) se-
quencing pattern of the sample with aberrant band in the SSCP gel. This corresponds
to the 5382 ins C mutation. This mutation was identified in a patient who developed
breast cancer at the age of 33 and with a first-degree relative with the disease.

CCAAAGATTNAGAAAACT!
10 220

. . o

Figure 2. Sequencing pattern show-
ing a nonsense mutation (change of a
serine to a stop codon) in nucleotide
6884 of exon 11 of the BRCA2 gene.
This mutation is designated $2219X.
This mutation was identified in two pa-
tients, both who developed the disease
before 45 years and with second-degree
relatives with breast cancer.

Sao Paulo Med J. 2005;123(4):192-7.

rAATAAATGCCAACTGAT
90 100

Figure 3. Sequencing pattern show-
ing a mutation (change of a cysteine
to a tyrosine) in nucleotide 4097

of exon 11 of the BRCA2 gene.

This mutation is still an unclassified
variant, and was identified in a pa-
tient who developed breast cancer
at the age of 29, with no relatives
with cancer.
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for women with breast cancer and BRCA mu-
tations, in order to prevent contralateral breast
tumors and ovarian tumors. In addition, the
detection of mutations in the patient’s family
allows identification of individuals at high risk,

who can then seek genetic counseling.

CONCLUSION

The prevalence of the BRCA1 or BRCA2

mutation found in this study among women
with breast cancer and a family history of
breast cancer was 13% (4/31). Large studies

are necessary for establishing the signifi-

cance of the BRCA mutation among Brazil-
ian women and the prevalence of specific
mutations. Knowledge of the spectrum of
mutations together with their geographical
distribution in Brazil is necessary for estab-
lishing an effective detection strategy.
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RESUMDO

Andlise de mutagdes nos genes BRCAT e BRCA2 em pacientes brasileiros com carcinoma de mama e
histéria familar positiva

CONTEXTO E OBJETIVO: BRCA1 e BRCA?2 sdo os dois principais genes de susceptibilidade ao céncer de
mama hereditdrio e a prevaléncia de mutagdes nestes genes ndo é conhecida em mulheres brasileiras.
O objetivo do estudo foi detectar mutacdes de BRCAT e BRCA2, contribuindo para estabelecer um perfil
dos carcinomas de mama hereditérios na populagdo brasileira.

TIPO DE ESTUDO E LOCAL: Estudo transversal, no Centro de Atencdo Integral & Sadde da Mulher, Univer-
sidade Estadual de Campinas, Brasil, e no Instituto de Patologia e Imunologia Molecular da Universidade
do Porto, Portugal.

METODOS: 31 pacientes com carcinoma de mama e histéria familiar (critérios do Breast Cancer Linkage
Consortium), foram estudadas e tiveram DNA extraido do sangue periférico. Single strand conforma-
tion polymorphism (SSCP) foi empregado para analisar os exons 2, 3, 5, e 20 do BRCA1. Aqueles
casos que mostraram produtos de reagdo da polimerase em cadeia (PCR) com bandas anormais foram
seqiienciados. Entretanto, o exon 11 do BRCA1 e exons 10 e 11 do BRCA2 foram diretamente para o
seqiienciamento.

RESULTADOS: Foram identificadas quatro mutagdes, sendo uma mutagdo no BRCA1 e trés no BRCA2. A
mutagdo no BRCAT é do tipo frameshift, no exon 20: 5382 insC. Duas mutagdes encontradas no BRCA2
sdo do tipo nonsense localizadas no exon 11: $2219X e uma do tipo unclassified variant localizada no
exon 11: C1290Y.

CONCLUSAO: A prevaléncia de mutacdes de BRCA1 e BRCA2 enconfradas para mulheres com cancer
de mama e histéria familiar de céncer de mama foi de 13% (4/31). Estudos mais amplos sdo necessdrios
para estabelecer o significado dessas mutagdes na populagéo brasileira.

PALAVRAS-CHAVE: Céncer da mama. Doencas hereditdrias. Gene BRCA1. Gene BRCA2. Seqiiéncias
do DNA.
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