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Inherited mutations in the BRCA1
breast-ovarian cancer gene, isolated in
1994 (/), have been estimated to be re-
sponsible for approximately 5% of
ovarian cancer diagnosed in women
under the age of 50 years (2). Recently,
the BRCA2 gene was identified (3), and
it appears to confer a much lower risk of
ovarian cancers (2,4). BRCA1 and
BRCA2 are believed to be tumor sup-
pressor genes, since both alleles appear
to be inactivated during neoplastic
development (5,6). Despite extensive
BRCA1-screening efforts, only five
somatic and 11 germline mutations have
been identified among 267 sporadic
(i.e., nonfamilial) ovarian cancers
studied to date (7-11). As BRCA1 is a
large gene with widely distributed al-
terations, mutation screening is labor in-
tensive. Approximately 90% of the
reported BRCA1 alterations are either
frameshift or nonsense mutations, which
result in the premature termination of
protein synthesis (12-15). Therefore, we
developed the protein truncation test as

an efficient strategy to determine the
role of BRCA1 mutations in patients
with early-onset ovarian cancer.

Epithelial ovarian tumor tissue and
matched blood lymphocytes were ob-
tained, with institutional review board-
approved, written informed consent,
from 16 patients treated at the Division
of Gynecologic Oncology at Duke
University Medical Center. The mean
age of the patients at disease onset was
48 years. Exon 11 (61% of coding se-
quence) was screened by the protein
truncation test using primers and
protocols that are available on-line in
the Breast Cancer Information Core
database (http://www. nchgr.nih.gov/in-
tramural_research/lab_transfer/BIC/) (16).
In addition, the entire BRCA1 -coding
region of these tumor DNAs was ana-
lyzed by single-strand conformation
analysis, as previously described (7,16).

Analysis using the protein truncation
test revealed alterations in BRCA1
protein size in patients EOO473 and
EOO1906 (Fig. 1, A). Direct DNA se-
quencing identified an identical, pre-
viously unreported, single base-pair
deletion, 2575delC, in exon 11, causing
a frameshift and subsequent premature
stop codon (Table 1). This deletion was
present in the germline of both patients
(data not shown) who were apparently
unrelated. Patient EOO473 had no
known family history of cancer, but
patient EOO1906 reported a strong
family history (Table 1). In patient
EOO23, single-strand conformation
analysis of tumor DNA revealed a
mobility shift that was shown by DNA
sequencing to result from a T—>G
transversion 11 base pairs prior to the 3'
splice site of intron 5 (Table 1). This
previously described alteration (14,15)
activates a cryptic splice site that in-
cludes 59 nucleotides of intron 5 in the
BRCA1 messenger RNA (mRNA) of
this patient. This mutation was also
detectable by the protein truncation test
using tumor complementary DNA (Fig.
1, B). Direct sequencing of lymphocyte
DNA indicated that this was a germline
alteration (data not shown), and this pa-
tient reported a sister with dual primary
breast and ovarian cancers (Table 1).

In this study, we have identified
germline BRCA1 mutations in three of
16 women with early-onset ovarian can-

cer. Despite extensive searches by
several groups (7-11), somatic muta-
tions in BRCA1 appear to be quite rare.
It is interesting that the sporadic ovarian
cancer patients with germline mutations
described previously (10,11) and in this
brief communication (average age at
disease onset = 45 years) developed
cancer approximately 18 years earlier
than patients with somatic mutations
(average age at disease onset = 63
years) (8,9). This significant age dif-
ference at disease diagnosis (Student's t
test, P<.003) is consistent with the need
for two somatic events to inactivate
BRCA1.

Although mutation detection in
BRCA1 remains technically challeng-
ing, the results of the current study and
those obtained by other groups (17,18)
suggest that the protein truncation test is
an efficient screening tool. This test
does have certain shortcomings, how-
ever. In this test, missense alterations
are undetectable, and sensitivity is
limited for mutations that yield either
short or very large products. Adapting
gel concentrations and electrophoresis
times as well as substituting [3H]leucine
for [35S]methionine may help to circum-
vent these problems (17,19). Screening
the entire coding region of the gene by
the protein truncation test requires the
availability of cellular RNA, whereas
only exon 11 can be screened using
genomic DNA. Finally, in specific
cases, the instability of mRNA-contain-
ing, premature stop codons may also
reduce detection by this technique (20).

In summary, although somatic BRCA1
mutations are responsible for only a
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Fig. 1. Localization of BRCAl
mutations in early-onset ovarian
cancers. A) Analysis by the
protein truncation test of BRCAl
exon 11 for templates generated
in a secondary polymerase chain
reaction (PCR) with RW-PTT4F
x BW-11:13R primers. Lanes 1,
2, and 4 contain the 48-kd wild-
type (WT) proteins, while lane 3
exhibits a truncated protein due
to the 2575delC mutation (MUT)
in ovarian tumor DNA from
patient EOO1906. The full-length
protein in lane 3 is greatly
diminished as a result of loss of
the wild-type allele in this tumor.
B) Analysis by the protein trun-
cation test of BRCAl com-
plementary DNA PCR templates
generated with RW-PTT1F x
RW-11:1R primers. Wild-type
samples in lanes 1, 2, and 4 give
rise to a pair of proteins that are
likely to reflect the presence and
absence of exons 9 and 10 due to
alternative splicing. Lane 3 ex-
hibits a truncated protein of 75
amino acids resulting from the in-
sertion of 59 base pairs of intron
5 in BRCAl transcripts from the
EOO23 ovarian tumor.

minority of sporadic ovarian cancers,
our data suggest that germline mutations
may cause an important fraction (10%-
20%) of ovarian cancers that arise in
younger women. The protein truncation
test has proven to be an efficient muta-
tion detection tool that will complement
other techniques, including the identi-
fication of common mutations by allele-
specific oligonucleotide hybridization
and direct DNA sequencing. The tech-
nologic limitations inherent in such test-
ing must be discussed when one is
counseling patients about the complex
social and ethical issues surrounding the
genetics of cancer predisposition (21).
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Table 1. Germline BRCAl mutations identified in patients with early-onset ovarian cancer

Patient Position Mutation Predicted effect Age, y Family history* Pathology

EOO23 Intron 5 332-11 T-»G 59-base-pair insertion, 42
stop 75

EOO473 Exon 11 2575delC Stop 845 44
ECO 1906 Exon 11 2575delC Stop 845 47

S: BR at age 42 y, OV at age 43 y Papillary serous adenocarcinoma

None
S, BR at age 38 y; S, OV at

age 47 y; B, CR at age 47 y,
B, CR at age 50 y; M, CR at
age 78 y

Papillary serous adenocarcinoma
Papillary serous adenocarcinoma

*S = sister, BR = breast cancer, OV = ovarian cancer, B = brother, CR = colorectal cancer; M = mother.
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