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Abstract A mutation analysis of the BRCA1 gene in 140
French families with a history of breast cancer or breast-
ovarian cancer revealed several deleterious germline
mutations, as well as rare sequence variants. The 19
genetics variants were of 15 different types, two of which
had not been reported in the Breast cancer Information
Core (BIC) database. Five distinct truncating mutations,
leading to putative nonfunctional proteins, were identi-
fied out of 140 index cases (3.5%). One novel nonsense
mutation, C4491T, was reported, whereas the four other
BRCA1 deleterious mutations identified consisted of fre-
quent frameshifts in the nucleotide sequence. One splice
variant (331+3A>G) and thirteen missense variations
leading to amino acid substitutions of unknown structural
and functional importance were identified. Among these,
two BRCA1 missense mutations, A120G and T243C
could be considered as suspected deleterious. The first
missense mutation modified the initiation codon (M1V)
and the second (C39R) may have consequences on the
structure and functioning of the BRCA1 protein by
modifying cysteine ligands from theRINGfinger domain.
As expected BRCA1 gene alteration, including missense
mutations of unknown biological significance, were more
frequent in families with a history of breast-ovarian-
cancer (32%) than in breast-cancer-only families (12%).
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Introduction

Breast cancer is a major cause of mortality by cancer in
women (Parkin et al. 1999). Current estimations indicate
that one in eight women will develop breast cancer
during their lifetime. Approximately 5–10% of all breast
cancers are thought to be due to an inherited predispo-
sition (Claus et al. 1991). Some of these hereditary cases
have been linked to mutations of the BRCA1 gene (Miki
et al. 1994), a major breast cancer susceptibility gene. In
fact, BRCA1 gene mutations are associated with 45% of
breast cancers developed in these high-risk families
(Easton et al. 1993). To date, more than 3,000 different
genetic variants of BRCA1 have been described in the
Breast cancer Information Core (BIC) database, which
is accessible through the Web site hosted by the National
Human Genome Research Institute at http://
www.nhgri.nih.gov/Intramural_research/Lab_transfer/
Bic. Novel genetic variants are constantly being identi-
fied, since, according to Szabo and co-workers, the
number of mutation entries in the database increases at
a steady rate of approximately 500 per year (Szabo et al.
2000).

In addition, it has been demonstrated that patients
with hereditary breast cancer have a higher risk of
developing contralateral breast cancer (Steinmann et al.
2001). Fortunately, different strategies for reducing this
risk are available, including oophorectomy, mastectomy
and chemoprevention (Narod et al. 2000). In this con-
text, an alternative strategy would consist in identifying
patients with mutations in the BRCA1 gene in order to
prevent incidences of breast cancer more successfully.

In this study, we have analyzed the presence of
mutations in the BRCA1 gene in 140 French families
with a history of breast cancer or breast-ovarian cancer.
For this purpose, we used a screening strategy based on
denaturing gradient gel electrophoresis (DDGE) analy-
ses, known to allow the identification of more than 80%
of mutations (Serova et al. 1997). The majority of the
families tested originate from the southeast of France.
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Nineteen (13.5%) of them were found to have variants
in the BRCA1 gene sequence, including mutations of
unknown structural and functional importance. Five of
the mutations identified gave rise to a truncated BRCA1
protein. Furthermore, the mutation analysis of the
BRCA1 gene also revealed three genetic variants that
could be considered as deleterious.

Patients and methods

Patients

In 1992, a study was performed of hereditary breast cancer in
southeastern France. From January 1992 to December 2000, 831
patients were seen in the Oncogenetic Department of the Antoine
Lacassagne Anti-cancer Center. Among them, a total of 290 (35%)
probands were selected, according to the following criteria: (1) at
least one case of breast cancer diagnosed before the age of thirty;
(2) two first-degree relatives, at least one of whom was affected
before or at the age of forty; (3) three first-degree relatives with
breast cancer, with one before or at the age of forty; (4) at least two
breast cancers and one (or more) ovarian cancer; (5) at least two
ovarian cancers (Easton et al. 1993). All information concerning
the family history of cancer was obtained directly from the patients.
The 140 families eligible for this study consisted of consecutive
unselected families with histologically confirmed breast cancer, who
were selected from the 290 families. Each selected patient was asked
to read and sign an informed-consent form prior to donating blood
samples. When a mutation was identified, the patient was contacted
again and genetic counseling was provided prior to confirming the
result on a new independent sample.

Out of the 140 patients, 23 (16.5%) had two first-degree
relatives with breast cancer, at least one of whom was affected
before or at the age of forty, 80 (57%) had three first-degree
relatives with breast cancer, one before or at the age of forty, and
37 (26.5%) had at least two breast cancers and one (or more)
ovarian cancer.

BRCA1 mutational analysis

From 20-ml blood samples, white blood cells were isolated and
DNA extracted by the standard phenol-chloroform method.

All patients were analyzed for constitutional mutations
throughout the BRCA1 gene by denaturing gradient gel electro-
phoresis (DGGE) (Fischer and Lerman 1983). All conditions, oli-
gonucleotide sequences, PCR conditions electrophoretic conditions
were obtained from Dr. Stoppa-Lyonnet of the Institut Curie,
France (Stoppa-Lyonnet et al. 1997). All electrophoretic variants
were verified by direct sequencing using a Perkin Elmer ABI 3700
automated sequencer according to the manufacturer’s instructions.

All mutations and genetic variants were classified according to
the BIC database website (http://www.nhgri.nih.gov/Intramu-
ral_research/Lab_transfer/Bic). The BIC database has adopted the
nomenclature system recommendations of the HUGO Nomencla-
ture Working Group (Antonarakis et al. 1998) for designation of
mutations. The HUGO system recommends using the ‘‘A’’ of the
ATG start codon as the number 1 position.

Mutations were interpreted as deleterious if they prematurely
terminate the protein product and if some available evidences
indicated a reasonable presumption of deleterious effect on protein
function. Genetic variants of unknown significant biological effect
includes mutations that occur in analyzed intronic regions whose
clinical significance has not yet been determined. Whereas no del-
eterious mutations or polymorphism are defined as genetics vari-
ants for which published data demonstrate absence of substantial
clinical significance or no significant effect on the amino acid
sequence and stability.

Results

The mutation analysis of BRCA1 revealed deleterious
mutations, as well as rare sequence variants, as described
in Table 1. The 19 mutations identified are of 15 dif-
ferent types, including mutations of unknown structural
and functional importance. Two of these genetic vari-
ants had not been reported in the BIC database at the

Table 1 BRCA1 truncating
mutations, missense and silent
variants determined in 140
French families with a history
of breast cancer or breast-
ovarian cancer (B Breast,
O Ovarian, Bi Bilateral breast
cancer)

aAs in the BIC database,
December 2002

Number Cases Exon Nucleotide Codon Mutation type BICa

V20 5B/1O 2 185delAG Stop39 Frameshift Yes
X32 3B 2 A120G M1V Missense Yes
Y16 5B/1O 3 T234C C39R Missense Yes
B39 6B/2O 5 331+3A>G IVS5+3A>G Splice Yes
V57 3B 1103 A1186G Q356R Polymorphism Yes
Z22 2B 1103 A1186G Q356R Polymorphism Yes
D15 3B 1103 A1186G Q356R Polymorphism Yes
Y1 2B 1103 G1184A K355K Polymorphism Yes
X28 3B 1108a C2731T P871L Polymorphism Yes
V10 3B/3O 1109b G3238A S1040 N Missense Yes
C40 4B 1109b G3238A S1040 N Missense Yes
W28 7B 1109b G3238A S1040 N Missense Yes
A3 4B 1109b C3415T P1099L Missense Yes
C27 1B/1O 1110 3600del11 Stop1163 Frameshift Yes
X37 6B 14 C4491A Stop1458 Nonsense No
B14 2B/1O 14 4510del3insTT Stop1465 Frameshift Yes
V27 2Bi 15 G4639T R1507S Missense No
W25 3B 16 G5075A M1652I Missense Yes
A63 2B/1O 16 A4956G S1613G Polymorphism Yes
Z13 3B 16 A4956G S1613G Polymorphism Yes
C56 4B 18 T5204A F1695L Missense Yes
C26 3B 18 T5204A F1695L Missense Yes
Z3 3B/2O 18 G5215A R1699Q Missense Yes
X7 3B 20 A5335G D1739G Missense Yes
Y14 6B/1O 20 A5335G D1739G Missense Yes
X20 4B/1O 20 5382insC Stop1829 Frameshift Yes
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time the manuscript of this paper was submitted. Seven
common polymorphisms were also reported.

Five distinct truncating mutations, leading to puta-
tive nonfunctional proteins, were identified out of 140
index cases (3.5%), including one nonsense mutation,
C4491A, reported for the first time. Four of the five
deleterious BRCA1 mutations consisted of frameshifts
of two, three or eleven nucleotide deletions and one
nucleotide insertion. Among these frameshifts, the
5382insC at exon 20 and 185delAG at exon 2 were the
most common mutations reported in the BIC. Two of
the three founder mutations were found in Ashkenazi
Jews. Another mutation, namely 3600del11, was re-
ported to be frequent in the population native from
northeastern France (Fricker et al. 2000).

Thirteen missense variations leading to amino acid
substitutions of unknown structural and functional
importance were identified. However, two BRCA1 mis-
sense mutations, A120G and T243C, may be considered
as suspected deleterious mutations. Indeed, the first
missense mutation, M1V, affected the initiation codon
of the BRCA1 protein and the second rare missense,
C39R, may have a major effect on the structure and
functioning of the BRCA1 protein by modifying cystein
ligands from the RING finger domain.

One splice variant, 331+3A>G, of uncertain bio-
logical significance was reported. It could be considered
as a suspected relevant mutation since it occurred at a
splice donor site (IVS5+3A>G). Ten genetic variants
were reported in the large exon 11; however, five of them
represented one of the three types of neutral polymor-
phism (A1186G, G1184A, C2731T).

Among the 81 patients from families with a history of
breast cancer only, ten genetic variants were found
(12%), including mutations of unknown biological sig-
nificance. In this group, there appears to be a correlation
between the number of breast cancer cases and the fre-
quency of detected BRCA1 mutations. More surpris-
ingly, the bilateral breast cancer sub-group (n=10)
showed a lower frequency of detected BRCA1 genetic
variants (10%).

In families with a history of breast-ovarian cancer,
the incidence of genetic variants was 32% (9/28),
whereas no mutations were observed in populations with
one or more instances of bilateral breast cancer and
ovarian cancer.

Discussion

In this study, we reported the screening of 140 families
with a history of breast and/or ovarian cancer from
southeastern France for the presence of gene mutations
in BRCA1.

Nineteen germline mutations were found, among
which five resulted in the truncation of the BRCA1
protein and fourteen missense mutations of unknown
structural and functional importance. Seven neutral
polymorphisms were also reported. The relatively low

number of deleterious mutations (3.5%) may be ex-
plained by the testing of sporadic cases in predisposed
families resulting in false-negative tests, or by technical
insufficiencies. Indeed, since the sensitivity of the muta-
tion-detection methods was not perfect, some mutations
may have remained undetected. To verify this hypothe-
sis, the 140 index cases are re-analyzing by denaturing
high performance liquid chromatography (DHLPC)
system. For example, a deleterious mutation, 2080delA,
was recently determined in the index case of C40 family
(data not showed). This intermediate result confirms
that DHPLC system is a more sensitive method than
DGGE (Wagner et al. 1999) and that all index cases
should be re-analyzed. Moreover, it has been demon-
strated that large BRCA1 rearrangements, which may
account for more than 9% of cases, escaped detection by
the DGGE method (Gad et al. 2002). These observa-
tions may explain why germline mutations found in this
study are less frequent than expected.

It is also probable that the incidence of BRCA1 gene
mutation was initially overestimated. Indeed, some re-
ports suggested that in the general population about one
woman in 500 might carry a BRCA1 mutation (Easton
et al. 1993), while more recent articles reveal that
the incidence of BRCA1 gene mutation may vary
between 1/1,000 and 1/4,000 women (Antoniou et al.
2001).

Finally, a proportion of non-BRCA1 familial breast
cancer cases found in this study certainly included
BRCA2 mutation carriers. Indeed, the BRCA2 gene is
thought to be responsible for an estimated one-third of
familial female breast cancer and the majority of
hereditary male breast cancer (Ford and Easton 1995).
BRCA2 gene mutations of non-BRCA1 familial breast
cancer cases determined in this study are under investi-
gation.

However, the BRCA1 and BRCA2 genes do not ex-
plain all familial breast cancers. Thus, the large group of
breast and ovarian cancer families, in which no BRCA1
and BRCA2 mutations were found, may represent an
interesting group to investigate the involvement of a
third gene in the development of breast and/or ovarian
cancer in these families (Thompson et al. 2002).

In the BRCA1 mutation carriers, a higher incidence
of genetic variants, including splice, missense and trun-
cating mutations, is observed in families with a history
of breast-ovarian cancer (32%) compared with families
with a history of breast cancer only (12%). More
surprisingly, the bilateral breast cancer sub-group
showed a lower frequency of detected BRCA1 mutations
(10%). It has been demonstrated that patients with
hereditary breast cancer have a higher risk of contra-
lateral breast cancer (Steinmann et al. 2001). However,
the number of bilateral cases (n=10) screened in our
work was probably insufficient compared with those
observed in other studies.

The role in breast cancer susceptibility of the five
missense mutations reported in the large exon 11 has
been difficult to establish. However, a recent report
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demonstrated by a phylogenetic approach that some
conserved regions of BRCA1 located at the 5¢ and 3¢ end
of exon 11 are known to be involved in DNA double-
stranded break repair (Fleming et al. 2003). Its conser-
vation in species suggests that it is important for BRCA1
function. Therefore, one (S1040N) of the missense
mutations reported in exon 11 that have been located in
the RAD51-interacting domain (codons 758–1064) may
influence BRCA1 function. However further studies
should demonstrate by linkage analysis of high-risk
families, functional assays or by demonstration of
abnormal mRNA transcript processing that this genetic
variant may be considered as deleterious. Indeed, the
RAD51-interacting domain is large and probably a
small number of amino acids may be crucial for BRCA1
function.

In this study, one splice variant, 331+3A>G, and
two missense mutations of uncertain biological signifi-
cance were reported as suspected to be deleterious.
Indeed, the splice variant (IVS5+3A>G) occurred at a
splice donor site, whereas the missense mutation A120G
(M1V) modified the initiation codon of the BRCA1
protein. This evidence indicated reasonable presump-
tions that these two genetic variants could be considered
as relevant mutations. The second BRCA1 missense
mutation, suspected as deleterious, was a rare genetic
variant, T243C (C39R), identified in a 53-year-old
woman. Her family history was significant for its mul-
tiple cases of breast and ovarian cancers (Fig. 1). The
case report has developed a breast cancer and a bilateral
ovarian cancer. She was originally diagnosed with gra-
de III epithelial carcinoma, a negative hormonal recep-
tor status and no axillary nodal status. Two members of
her family (two sisters of the mother’s patient) developed
breast cancer and died. The maternal grandmother died
of breast-cancer-related causes. The identified missense
mutation is located in one region of the BRCA1 se-
quence that encodes a 56-amino-acid sequence at the
amino terminus, named the RING finger domain (Miki

et al. 1994). Several pieces of data indicate that this
zinc-binding motif, found in a variety of proteins, is
important for the functioning of BRCA1 (Roehm et al.
1997). Therefore, a missense mutation that would
modify cystein ligands from the RING finger domain
may have an important action on the structure and
functioning of the BRCA1 protein. This missense
mutation, T243C, could be considered to severely dis-
rupt the normal functioning of the BRCA1 protein and
used as an indicator of the presence of an inherited
mutation in her family.

Identifying BRCA1 mutations is important for
counseling patients and deciding which treatment to use.
Indeed, it has been demonstrated that prophylactic
mastectomy reduces breast cancer incidence and mor-
tality among groups with a high-risk family history, and
women carrying BRCA1 mutations (Evans et al. 2001).
Even if a recent report has shown that patients favored
treatment and prevention options that involved minimal
physical invasiveness (Cappelli et al. 2001), prophylactic
oophorectomy should be offered to all women with
BRCA1-BRCA2 mutations, especially those over child-
bearing age (Memarzadeh and Berek 2001). In addition,
it has been demonstrated that tamoxifen, a selective
estrogen receptor modulator, reduced the risk of con-
tralateral breast cancer in women with pathogenic
mutations in the BRCA1 or BRCA2 gene (Narod et al.
2000). The authors demonstrated that the protective
effect of tamoxifen seems independent of that of oopho-
rectomy.

It is therefore important to characterize breast cancer
risk factors precisely in order to detect those women at
most risk. In this way the prognosis of breast-conserving
therapies, such as chemoprophylaxis or other actions,
can be improved and the number of second cancers
reduced.
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