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identified in this screen, including the Metl775Arg mu-
tation, which had been detected in two unrelated African
American families (Futreal et al. 1994; Miki et al. 1994),
and the Cys64Gly mutation, which was identified once
in an African American kindred (Castilla et al. 1994).
This initial description of a spectrum of BRCA1 muta-
tions, two of which are recurrent in unrelated individu-
als from high-risk African American kindreds, should
provide initial data for more-intensive genetic epidemi-
ology studies in blacks of African descent.
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BRCA2 Mutations in Hereditary Breast and Ovarian
Cancer in France

To the Editor:
BRCA2, a major gene responsible for susceptibility to
breast cancer, located on chromosome 13ql2-13, re-
cently has been cloned (Wooster et al. 1994, 1995; Tav-
tigian et al. 1996). BRCA2 germ-line mutations also
have been shown to confer an elevated risk of ovarian
and male breast cancer (Wooster et al. 1994; D. F. Eas-
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ton, L. Steele, P. Fields, P. A. Daly, W. Ormiston, S. L.
Neuhausen, and D. Ford, personal communication). Ini-
tial mutation studies showed a wide variety of BRCA2
alterations located throughout the coding sequence

(Wooster et al. 1995; Couch et al. 1996; Phelan et al.
1996; Tavtigian et al. 1996; Gayther et al. 1997; Serova
et al. 1997). However, several recurrent mutations have
been identified, most notably in specific populations
such as the Ashkenazi Jews (Berman et al. 1996; Neu-
hausen et al. 1996; Oddoux et al. 1996; Roa et al. 1996;
Tonin et al. 1996) or the Icelanders (Johannesdottir et
al. 1996; Thorlacius et al. 1996).
To determine the spectrum of BRCA2 mutations in

French kindreds, we have screened the entire coding
region of BRCA2 in a sample of 77 breast cancer fami-
lies accrued through genetic-counseling clinics in nine
centers located in different parts of France: Institut Cu-
rie, Paris; Institut Gustave Roussy, Villejuif; Centre Leon
Berard, Lyon; Centre Jean Perrin, Clermont-Ferrand;
Centre Hospitalier Universitaire, Grenoble; Institut Ber-
gonie, Bordeaux; Centre Rene Gauducheau, Nantes;
Centre Rene Huguenin, St. Cloud; and Centre Hospi-
talier Universitaire, Rouen. The families selected met
one of the following criteria in first- and second-degree
relatives: at least either (1) two cases of invasive breast
cancer diagnosed at <50 years of age; (2) three cases of
breast cancer, with at least one diagnosed at <40 years

of age; (3) one case of breast cancer diagnosed at <50
years of age and at least one case of ovarian cancer

diagnosed at any age; or (4) one case of male breast

cancer and at least one case of female breast cancer

diagnosed at any age. Sixty-six families were shown to
be negative in a BRCA1 mutation search done by either
denaturing gradient gel electrophoresis, SSCP, hetero-
duplex analysis (HDA) combined with the protein-trun-
cation test (PTT), or direct DNA sequencing, depending
on the technique(s) used in each center. Eleven families
were not tested for BRCA1 status, since, on the basis
of the presence of at least one case of male breast cancer,
they were presumed to be BRCA2 families. Forty-three
of the 66 were female breast cancer families (mean num-
ber of cases 3.5), and 23 were breast/ovarian cancer

families (mean number of ovarian cancer cases 1.3;
mean number of breast cancer cases 2.5). The number
of affected people in each of the 77 families was 2-10.
The analysis was performed by use of genomic DNA

of the youngest affected individual available in each fam-
ily. The average age of those actually tested was 40 years

for female breast cancer patients, 54 years for ovarian
cancer patients, and 47 years for male breast cancer

patients. Exons 10 and 11 were examined with the PTT,
and the rest of the coding region was examined by HDA,
as described elsewhere (Serova et al. 1997). cDNA was

available for 22 families and was analyzed by HDA
using primer pairs published by Serova et al. (1997).
We identified 14 frameshift, nonsense, and splice-site

truncating mutations and 2 missense variants, distrib-
uted widely across the gene, each of them being detected
only once in our series of families (table 1). It remains to
be explored whether these missense alterations represent

Table 1

Germ-Line BRCA2 Mutations in French Families

Female Male
Breast Breast Ovarian

Family Cancer Cancer Cancer Type Exon(s) Codon Nucleotide Mutation

CU404 5 0 0 Frameshift 3 23 297 delT, resulting in ter24
CRG32 8 0 0 Nonsense 10 414 1469 Leu414ter
CU538 2 0 0 Frameshift 11 936 3034 del4, resulting in ter958
IGR1241 2 0 1 Frameshift 11 1782 5573 delAA, resulting in ter1785
IGR665 3 0 0 Frameshift 11 1906 5946 delCT, resulting in terl909
IGR1675 4 0 0 Nonsense 11 1953 6085 GluI953ter
IGR682 2 0 1 Frameshift 11 2068 6431 delT, resulting in ter2069
IGR684 3 0 0 Frameshift 11 2215 6872 del4, resulting in ter2227
CU579 2 0 1 ? 12 and 13 Exons 12 and 13 missing in

transcript, resulting in tcr2311
CU487 4 0 0 Splice mutation 13 2336 7235 G-C, resulting in exons 12 and 13

missing in transcript, resulting in
ter2311

CLB95052 5 0 0 Frameshift 16 2561 7909 insT, resulting in ter2565
CFD80 3 2 0 Nonsense 18 2714 8368 Gln2714ter
CLB94090 3 1 0 Missense 22 2951 9079 Ala29SlThr
CU127 4 0 2 Frameshift 23 3009 9254 delS, resulting in ter3015
CLB95122 2 0 1 Frameshift 23 3030 9317 insA, resulting in ter3043
CLB94002 2 0 1 Missense 25 3098 9520 Tyr3O98His
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deleterous mutations or rare polymorphisms; neither of
them, however, was detected in 94 control chromo-
somes from the French population.

Eight of 43 female breast cancer families were found
to carry mutations in BRCA2, a proportion similar to

those found in other studies on BRCA2 mutations in
BRCA1-negative breast cancer families satisfying the
same selection criteria as were met by families in our set

(Gayther et al. 1997; Serova et al. 1997). The proportion
of BRCA2-positive families was much higher in the
group of families containing four or more affecteds (6
of 18) than in small families of two or three breast cancer
cases (4 of 25).
We detected only five frameshifts and one missense alter-

ation in the 23 breast-ovarian cancer families tested, 18
kindreds remaining attributable to neither BRCA1 nor

BRCA2. Surprisingly low mutation yield (one nonsense

variant and one missense variant) also was found in male
breast cancer families. The low proportion of BRCA2 mu-

tations in this sample of breast-ovarian and male breast
cancer families might be explained by chance aggregation
of cancer cases in some of them, since eight of the muta-
tion-negative breast-ovarian cancer families each have only
one case of breast cancer diagnosed at <50 years of age

and one case of ovarian cancer, and four male breast can-

cer families each contain only one female breast cancer

case. This is consistent both with the results reported by
Couch et al. (1996), who found only seven BRCA2 muta-
tions in 50 males with breast cancer, 80% having an un-

specified family history of breast cancer, and with the re-

sults reported by Friedman et al. (1997), who have
detected two BRCA2 mutations in 54 male breast cancer

patients, 30% of whom had a positive family history of
breast and/or ovarian cancer. Because of the possibility
that the only person screened was a phenocopy, we could
have failed to identify some mutations. The techniques
used here for mutation screening have been shown to be
efficient in other studies (Keen et al. 1991; Tassabehji et

al. 1992; White et al. 1992; van der Luijt et al. 1994;
Gayther et al. 1995, 1997; Hogervorst et al. 1995). The
BRCA2 coding region was analyzed by use of cDNA as

well as genomic DNA, in 22 families. One of the mutations
(in family CU579) appeared to be detectable on cDNA
only, thus suggesting that some mutations might have been
missed in the group of families in which only genomic
DNA was examined.

Gayther et al. (1997) have reported that BRCA2 trun-

cating mutations in families with a high proportion of
ovarian cancer appear to be clustered in a region of 3.3
kb in exon 11, between nucleotides 3035 and 6629. Data
from our families provide some support for this clustering.
The four families with mutations in this 3.3-kb region
contain 2 ovarian and 11 breast cancer cases, compared
with 4 ovarian and 38 breast cancer cases in 10 families
with mutations elsewhere (odds ratio 1.7; P = .05).

Eight of 14 truncating mutations have not been pub-
lished before. The frameshift mutation 9254de15 (in
family CU127) has been identified previously in another
family (CU159) also collected by Institut Curie (Tavtig-
ian et al. 1996). Both families appeared to originate from
Catalonia. The missense variant Ala2951Thr found in
an affected niece and aunt in family CLB94090 also
have been detected in a French breast cancer patient with
no family history of cancer (O. M. Serova-Sinilnikova,
unpublished data). These findings indicate the possibility
of a founder effect, within the French population, for
these two BRCA2 alterations. Five other mutations al-
ready have been reported to the Breast Cancer Informa-
tion Core (1997) web site (http:/www.nchgr.nih.gov/
Intramuralresearch/Labtransfer/Bic/index.html) and/
or in the literature, all identified in families with geo-
graphic residence other than France, one in Belgium and
the others in the United Kingdom and the United States.
3034del4 was found five times, 9325insA and
5946delCT three times, and Glul953ter and 5573delAA
twice (Breast Cancer Information Core 1996; Takahashi
et al. 1996; Gayther et al. 1997; Serova et al. 1997). It
will be of interest to investigate whether some of these
mutations have a common origin or constitute mutation
hot spots in the coding region of the BRCA2 gene.
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To the Editor:
Germ-line mutations of the BRCA1 gene are thought to
be responsible for the cancer in 80%-90% of families
containing multiple cases of both breast and ovarian
cancer (Easton et al. 1993). In addition, BRCA1 is pre-
dicted to be responsible for the cancer in the majority
of site-specific ovarian cancer families containing three
or more cases of epithelial ovarian cancer and no cases
of early-onset breast cancer (Steichen-Gersdorf et al.
1994). Since the isolation of BRCA1 (Miki et al. 1994),
>130 distinct germ-line mutations have been reported,
primarily in multiple-case breast/ovarian cancer families
(Couch et al. 1996). The majority of these mutations


