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Introduction

Breast cancer is the most common malignant neoplasia
among women, representing an important problem of pub-
lic health. Worldwide, 1,152,161 new cases were reported
in 2002; of them 411,093 died of breast cancer [1]. In
Mexico 91,913 cases were reported in 2000; breast cancer
represented 11% of all cancers diagnosed in Mexico in
that year [2]. Cancer susceptibility genes BRCA1 and
BRCA2 were cloned more than ten years ago, and since
then, the existence of mutations in those genes has been
extensively studied. In fact, mutations in BRCA genes are
thought to be responsible for the majority of the hereditary
breast and ovarian cancers. The identification of mutations
in these genes has made it possible to trace individuals
who are at particular risk for developing breast and ovari-
an cancer. However, analysis of the mutations indicates a
great variation in the contribution to breast cancer devel-
opment [3-5]. Founder mutations and recurrent mutations
have been found in to particular ethnic origins, the most
well known being those of Askenazi Jews (BRCA1:
185delAG, 5382insC; BRCA2: 6174delT), Ice lan ders
(BRCA2: 999del5), Norwegians (BRCA1: 1675delA,
816delGT and 3347delAG), Swedes (3171ins5) and French
Canadians (BRCA1: C4446T; BRCA2: 8765delAG,

3398delAAAAG) [6-9]. An increasing number of muta-
tions have been identified (including founder mutations),
some of them with a strong association with familial
breast cancer. The contribution of these genes in Mexican
breast cancer patients has been poorly studied [10, 11],
although some analyses have been done in Hispanic pop-
ulations (including of Mexican origin) in the USA [12].
However the actual contribution and prevalence of BRCA
mutations in Mexican breast cancer patients in not well
known.

Direct sequencing of the coding and flanking regions is
expensive and time-consuming in some settings. Thus,
several methods have been described for the analysis of
DNA sequence changes, like single-strand conformation
polymorphism (SSCP), denaturing gradient gel elec-
trophoresis (DGGE) and conformation-sensitive gel-elec-
trophoresis (CSGE); however, each of them has limita-
tions, as low sensitivity or being technically challenging.
Denaturing high-performance liquid chromatography
(DHPLC) allows the automated identification of single-
base substitutions as well as small deletions or insertions
[13]. This method identifies heteroduplex molecules from
homoduplex under denaturing conditions in a liquid-
phase reverse chromatography. A partial denaturation
diminishes the retention time of the misspaired molecules
compared with the retention time of the homoduplexes
(wild-type molecules). The DHPLC method uses PCR
products subjected to a final step of denaturation/re-
annealing to ensure the formation of heteroduplexes.
Sensitivity and specificity of DHPLC are up to 96 to
100% [14, 15].

Summary

Germline mutations in the BRCA1 and BRCA2 genes predispose to breast and ovarian cancer. A variable incidence of mutations has
been reported for these genes. The contribution of BRCA1 and BRCA2 mutations to Mexican women with breast and/or ovarian cancer
is not known. Because of the increasing prevalence of breast cancer in this population, it is necessary to study the presence of muta-
tions in both genes. We screened BRCA1 and BRCA2 genes in 40 patients: 29 patients with a history of breast and/or ovarian cancer,
and 11 patients with early-onset breast cancer (< 40 years), through denaturing high performance liquid chromatography analyses. We
found two frameshift mutations in BRCA1 and one missense mutation in each gene. Additionally we found several intronic variants as
well as synonymous mutations. We found 5% of deleterious mutations in the BRCA genes.  Larger studies are needed to establish the
significance and prevalence of BRCA mutations among Mexican women. 
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The main goal of the present work was to study the
presence of mutations in BRCA1 and BRCA2 genes in 40
Mexican patients with hereditary breast cancer or early-
onset breast cancer.

Patients and Methods

Patient selection: 29 patients with a history of breast and/or
ovarian cancer, and 11 patients with early-onset breast cancer (<
40 years) were included in this study. We selected the patients
under two main criteria: 1) single early-onset breast cancer
cases: breast cancer diagnosed at age 40 or younger, with no
first or second-degree relatives affected with breast or ovarian
cancer. 2) Breast cancer families: at least two cases of breast
and/or ovarian cancer, or one case of male breast cancer diag-
nosed at any age in first-degree relatives. The characteristics of
the patients/families are given in Table 1. This protocol was
approved by the Institutional Regulatory Board.

DNA extraction: DNA was obtained from 10 ml of peripheral
blood leukocytes. Genomic DNA was extracted with the extraction
kit Wizard Genomic DNA purification kit (Promega, Madison, WI,
USA), according to the manufacturer’s instructions. DNA was
quantified spectrophotometrically and stored at -20oC.

PCR: The oligonucleotides were designed to amplify the cod-
ing regions as well as the adjacent intronic sequences (the
primer sequences were kindly provided by Transgenomics,
Inc.). Thirty-two pairs of primers were used for BRCA1 gene
and 41 for BRCA2; for both genes, exon 11 was fragmented into
11 and 17 segments, respectively (named 11a to 11k, and 11a to
11q). PCR reactions for the DHPLC and sequence analysis were
performed in a total volume of 25 μl containing 30 ng of DNA,
1 μmol/l of each primer (forward and reverse), 200 μmol/l
dNTPs (Applied Biosystems, Foster City, CA), 0.25U optimase
polymerase (Transgenomics TM) and buffer 1X provided by the
manufacturer. PCR was performed in a 2700 Thermalcycler
(Applied Biosystems). The amplifications were done according
to three different touchdown protocols. All had initial denatura-
tion at 95°C for 5 min and a final extension at 72°C for 5 min.
The touchdown protocols were as follows: denaturation at 95°C
for 30 sec, annealing at 56.5°C to 49.5°C decreasing 0.5°C per
cycle for 14 cycles, followed by 16 cycles at 49.5°C, and exten-
sion was done at 72°C for 40 sec.; the other two protocols were
similar, changing the annealing temperatures from 63.8°C to
56.8°C and 60.5°C to 53.5°C, respectively. Amplification was
verified by gel electrophoresis.

DHPLC: PCR reactions were denatured at 95°C for 10 min
and renatured by decreasing temperature at a rate of 2°C per
minute up to 25°C. Samples were analyzed in a DHPLC device
(Transgenomics, INC; San Jose, CA, USA), according to the
temperature and elution conditions calculated by the DHPLC
software. Heterozygote profiles were identified by visual analy-
sis of the chromatograms comparing the shape of the peaks with
a wild-type sample.

Sequencing: Samples with an aberrant DHPLC profile were
sequenced. PCR amplicons were purified using isopropanol pre-
cipitation and then sequenced in both forward and reverse direc-
tions from at least two independent amplification products.
Purified DNA was diluted and cycle-sequenced using the ABI
BigDye Terminator kit v3.1 (ABI, Foster City, CA) according to
manufacturer’s instructions. Sequencing reactions were elec-
trophoresed on an ABI3100 genetic analyzer. Electrophe ro -
grams were analyzed in both sense and antisense directions for
the presence of mutations. The sequences obtained were com-
pared with the reference BRCA1 (GenBank L78833 and
U14680) and BRCA2 (Genbank AC_000145 and U43746).

Results and Discussion
Forty breast cancer patients were fully analyzed; 11 did

not have a family history of cancer, and the others had at
least one family member affected with cancer. 

Small deletions: We found two frameshift mutations (4
nucleotides deleted in each case) in BRCA1 (Table 2), both
have been previously reported in the BIC (Breast Cancer In -
formation Core database http://research.nhgri.nih.gov/pro-
jects/bic/). The first mutation referred to as c.2925del4, in
exon 11, generates a stop codon in position 998. The patient
carrying this mutation presented breast cancer at the age of
31, with a family history as her mother had developed breast
cancer at 40 years of age. This mutation has been reported
three times in the BIC, one of them in a Latin American-
Caribbean population. 

Table 1. — Cancer patients screened for BRCA1 and BRCA2
mutations.
*Patient Family # Proband Affected relatives
group (age of onset) (age of onset)

1 Breast (35) 1 Breast (33) 
2 Breast (39) 1 Breast (38)
3 Breast (27) 1 Breast (35) 
5 Breast (44) 1 Breast (45) 
6 Breast (34) 1 Breast (26)
8 Breast (47) 2 Breast (31,36)
10 Breast (39) 2 Breast (38,38) 
11 Breast (33) 4 Breast (36,37,38,40) 
12 Breast (31) 1 Breast (40) 
13 Ovarian (46) 1 Breast (43) 
15 Breast (21) 1 Breast (53)
17 Breast (57) 3 Breast (38,48,50) 
19 Breast (34) 1 Breast (39)
21 Breast (41) 2 Breast (40, 40)
22 Breast (35) 2 Breast (36,43) 

1 Ovarian (49) 
FCH 23 Bilat Breast (27) 1 Breast (38) 

24 Breast (24) 1 Breast (27) 
25 Breast (43) 1 Breast (32) 
27 Bilat Ovarian (62) 1 Ovarian (63) 

1 Breast (60) 
28 Bilat Breast (28) 1 Ovarian (48)
30 Breast (48) 2 Breast (48,50) 
31 Breast (59) 2 Breast (39,43)
32 Breast (40) 1 Breast (30) 
33 Breast (36) 1 Breast (34)
35 Breast (37) 3 Breast (37,42,45)

Colon (45) 1 Pancreas (60) 
36 Breast (65) 4 Breast (39,42,43,60)

1 bilateral and 1 male
37 Breast (45) 2 Breast (40,44)
38 Breast (37) 2 Breast (39,42) 
34 Breast (46) Colon (40)
4 Bilateral breast (27)
9 Breast (23)
14 Breast (30)
16 Breast (32)
18 Breast (30)

EOBC 20 Breast (28)
26 Breast (21)
29 Breast (33)
39 Breast (25)
40 Breast (29)
7 Breast (28)

FCH: Patients with familial cancer history; EOBC: Patients with early onset
breast cancer.
* Patients are listed by group (not consecutive order).
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The second mutation, also found in exon 11, referred to
as c.4184del4, also generates a truncated protein at the
position 1364, and was found in a patient diagnosed with
unilateral breast cancer at the age of 35. This patient had an
aunt who had had breast cancer at 43 years of age, another
aunt with ovarian cancer diagnosed at 49 years old and one
cousin with breast cancer at the age of 36 (all from the
paternal side). The presence of the mutation was detected
in the family members affected with cancer, as well as in
her father and in one out of six siblings; the mutation was
also documented in the patient’s daughter. This mutation
has been reported 132 times in the BIC from patients of
different ethnic origins, including Hispanic/Mexican.
Liede et al. [16] reported this mutation in four patients
from Pakistan; three belonged to the Punjabi region and the
other was from Karachi (self identified as Sindhi). This
mutation was also reported by Saxena et al. [17] in a
patient from India who had a clear family history of breast
cancer. In a study from Northeast England, it was found
that the mutation c.4184del4 had three different haplo-
types, indicating that the mutation occurred in at least three
independent times, suggesting a hotspot that could gener-
ate recurrent mutations [18]. Besides this mutation, the
patient presented these other alterations: the missense
mutation c.3232 A>G at exon 11, and the following intron-
ic variants: IVS7+36C>T, IVS7+38 T>C, IVS7+41 C>T,
and g.24662-24676del15 in intron 7.

Missense mutations in BRCA1 and BRCA2: We detect-
ed one missense mutation for each gene: c.3232A>G in
BRCA1 that induces the amino acid change Glu>Gly; and
c.3199 A>G in BRCA2 that leads to the amino acid
change Asn>Asp, both located in exon 11 (Tables 2 and
3). Both mutations have been previously reported in the
BIC; the first mutation has been reported 37 times while
the other only three times. However, none of them seem
to have clinical significance according to the BIC data-
base and a Korean report, which also suggests that the
c.3232A>G mutation might not have a role in cancer
development, but may be associated with breast and/or
ovarian cancer in an undetermined way [19].

Intronic mutations: For BRCA1 we found segregated
together three intronic mutations, all three C>T transi-
tions, along with a 15 nucleotide deletion (g.24662-

24676del15) in nine patients, or only the deletion in five
more patients. In BRCA2 we found a C>A transversion in
the intronic region of exon 4 (IVS4+67 C>A) in four
cases. None of these intronic alterations have ever been
reported. Further and more detailed analyses must be
done to determine if they are polymorphisms or if they
have any pathological relevance.

Polymorphisms: We found a T>C transition in the
nucleotide 4427 in exon 13 of BRCA1 in five patients.
Four SNPS were found for BRCA2, all of them in exon
11: T>C at position 2457 in five cases, A>C at nucleotide
2766 only in one patient, A>G at 3624 in nine patients,
and T>C at 4035 also in nine cases (Tables 2 and 3). In
fact, some of the patients presented more than one poly-
morphism. Four of these polymorphisms have been
reported several times in the BIC.

The prevalence of hereditary mutations in BRCA1 and
BRCA2 genes found in different reports varies according
to the ethnic origin of the populations studied, of the
selection criteria and of the molecular tests used for the
mutation identification. The low prevalence of deleterious
mutations found in this work (5% for BRCA genes) might
be due to the small population that we analyzed, however
it might reflect the actual mutation prevalence of BRCA
genes in our patients. In fact, most of the patients with
familial cancer had only one relative affected, which
could also explain the low frequency found. However,
this prevalence is similar to that found in the two other
Mexican reports on BRCA mutations (6% and 9% in 51
and 22 patients studied respectively) where the authors
reported the same two deleterious mutations [10, 11],
none of which were found in our series. There are few
reports about BRCA mutation prevalence in Latin
American populations, and in fact, this prevalence is
highly variable. Torres et al. [20] reported a prevalence of
24.5% for Colombians, while for Chileans Gallardo et al.
[21] reported a 10% prevalence, very similar to that
reported by Jara et al. [22], which was 8%, also in
Chileans. Recently, Rodriguez et al. [23] published the
prevalence of BRCA mutations in breast cancer patients
from Cuba, finding a prevalence of 2.6%. These great
variations may be due to the different ethnic mixtures
found in each country, which is the same case for Mexico. 

We found several intronic variants in both genes in 40%
of the patients. To verify a possible relevance in breast
cancer, we might analyze their frequency in healthy con-
trols and determine if these variants are in fact polymor-

Table 2. — BRCA1 variants

Family # Sequence variant Exon Change of Type of 
amino acid mutation

9,10,15,22,24,27, IVS7+36 C>T
30,33,38 IVS7+38 T>C

IVS7+41 C>T
g.24662-24676del 15 I I

11,20,35,40,44 g.24662-24676del 15 I I
12 c.2925del4 11g Stop 998 F*
1,9,10,15,24,27,22 c.3232A>G 11h E1038G M
22 c.4184del4 11k Stop 1364 F*
9,10,15,17,
40 (homozygous) c.4427 T>C 13 Syn P
IVS Intronic variation sequence; nomenclature reported by den Dunnen and
Antonarakis (27); I intronic; F* Frameshift (deleterious); P Polymorphism; Syn
Synonimous; Bold = deleterious mutations

Table 3. — BRCA2 variants

Family # Sequence variant Exon Change of Type of 
amino acid mutation

4,21,24,30IVS4+67 C>A I I
4,21,24,30,32 c.2457 T>C 11b Syn P
11 c.2766A>C 11c Syn P
4 c.3199 A>G 11d N991D M
2,5,13,16,17,20,25,28,31 c.3624 A>G 11ef Syn P
3,10,11,14,15,20,23,26,33 c.4035 T>C 11g Syn P
IVS: Intronic variation sequence; I: intronic; M: missense; Syn Synonimous; P:
Polymorphism.

15-1587-28 - Mutational:1587-28 - Mutational  09/09/09  08:18  Pagina 529



S. Vidal-Millán, L. Taja-Chayeb, O. Gutiérrez-Hernández, M.T. Ramírez Ugalde, C. Robles-Vidal, E. Bargallo-Rocha et al. 530

phisms. If we found those variations only in breast cancer
patients, then we should consider analyzing the possible
effect on splicing, or the association with the disease.

On the other hand, the existence of large genomic
rearrangements (deletions or duplications of one or more
exons) has recently been recognized, which may account
for 8% to 27% of all deleterious mutations in BRCA1 and
BRCA2 genes [12, 24]. Specific and novel genomic
rearrangements have been identified in Greek, Spanish
and Hispanic (residing in the US) populations, among
others [12, 25, 26]. Large deletions and duplications that
disrupt one or more exons are overlooked by point muta-
tion detection approaches. These alterations should be
detected by techniques as MLPA (multiplex ligation-
dependent probe amplification) or QMPSF (quantitative
multiplex PCR of short fluorescent fragments). With our
approach, we could have missed some large genomic
rearrangements, underestimating the actual mutation fre-
quency of BRCA genes in our population.

It is necessary to study more patients as well as use
techniques for large deletion detection and duplications to
establish the significance of BRCA gross alterations and
the prevalence of specific mutations among Mexican
women.
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