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Abstract
Eighty-six women fulfilling specific selec-
tion criteria were studied for germline
mutations in two breast cancer suscepti-
bility genes, BRCA1 and BRCA2, using
the protein truncation test (PTT). Nine
germline mutations were identified, six in
BRCA1 and three in BRCA2. Of the six
BRCA1 mutations, three have previously
been described and three are new, and for
BRCA2, one is a new mutation and the
other two appear to occur at a site that has
been described several times. Four kin-
dreds were breast cancer families, one a

breast/ovarian cancer family, and the
sixth an ovarian cancer family. The three
kindreds with BRCA2 mutations were
classified as one breast/ovarian cancer

family, one breast cancer family, and one

family which harboured one early onset
breast cancer patient and two melanoma
patients. The mutations in BRCA1 were

either insertions, deletions, or transitions
which all resulted in a premature stop
codon. Mutations in BRCA2 were all
frameshift mutations as a result ofeither 2
or 4 bp deletions. Two BRCA2 mutations
were identical, suggesting a Swiss founder
effect which was confirmed by haplotype
sharing. The 10% mutation detection rate
is compatible with the relaxed criteria
used for patient selection. Considering the
relative ease with which coding sequences
can be screened by PTT, this assay is use-

ful as a first screen for BRCA1 and
BRCA2 mutations.
(7Med Genet 1997;34:990-995)
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The most consistent factor associated with a

woman's risk of developing breast cancer is a

family history of disease. Hereditary breast
cancer is characterised by early onset, an excess
of bilateral disease, and in some families an

over-representation of ovarian cancer. Epide-
miological studies have pointed to the exist-
ence of several breast cancer susceptibility

BRCA2
2 4 6

1 3 5 7

genes, two of which have been recently identi-
fied, termed BRCA1 and BRCA2.' 2
The locus for BRCA1 was identified in 1990

and the gene identified by positional cloning
four years later. ' The BRCA2 locus was iden-
tified in 1994 and the gene identified in
1995.24 BRCA1 confers a lifetime risk of
approximately 85% of developing breast cancer
and a 50% risk of developing ovarian cancer.5
BRCA2, however, confers a similar risk for
breast cancer development but a different life-
time risk of developing ovarian cancer (only
about 10%) in comparison to BRCA1. In
addition, BRCA2 appears to be associated with
an increased risk of male breast cancer whereas
BRCA1 does not.6 It is currently not clear if
germline mutations in BRCA2 confer an
increased risk of cancers other than breast and
ovary.
The BRCA1 gene is located on chromosome

17q21 and codes for a 7.5 kb transcript which
is spread across 100 kb of genomic DNA. The

gene consists of 24 exons of which 22 are cod-
ing. The first 10 and last 13 exons are relatively
small whereas exon 11 represents over 60% of
the entire coding sequence. The gene codes for
a 1863 amino acid zinc finger containing
protein of unknown function, which has
recently been shown to interact with an

additional protein termed BARD1. Missense
mutations in BRCA1 disrupt binding to
BARD 1, suggesting that interaction with
BARD 1 is important in regulating BRCA1
function.8 Eighty-six percent of BRCA1 muta-
tions are either nonsense or frameshift muta-
tions which result in prematurely truncated
proteins that lead to a disruption of BRCA1
function.9
BRCA2 is located on chromosome 13q1 2-13'

and codes for a 10.5 kb transcript. The gene
consists of 27 exons and, like BRCA1, the first
10 and last 16 exons are relatively short
whereas exon 11 represents approximately
50% of the coding sequence. The function of
the gene remains elusive but the sequence does
have some similarities to BRCA1. Similar to
BRCA1, most BRCA2 mutations result in pre-
mature termination codons.

In this report we have investigated 86 early
onset breast/ovarian cancer patients for muta-
tions in BRCA1 and BRCA2 using the protein
truncation test (PTT). We have identified six
mutations in BRCA1 and three mutations in
BRCA2. All families harbouring BRCA1
mutations presented with typical disease char-
acteristics for this breast/ovarian cancer predis-
position. Two of the three families harbouring
BRCA2 mutations presented with early onset

Exons 2-10 Exon 11 Exons 12-27

Figure 1 Diagrammatic representation of the coding sequence ofBRCA2 indicating the
seven overlapping segments that were amplified using the primer sequences indicated in
table 1.
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Table 1 BRCA2 primers

Segment 5' 3' Size (bp)

1 external gccgggagaagcgtgagggg (101-120) tggtggtggctggccagctt (1930-1911)
1 internal T7-cctattggatccaaagaga (232-250) tggtggtggctggccagctt (1930-1911) 1736
2 external gaagatagtttttcattatg (1141-1160) cctttctattagctacttggaaag (2922-2901)
2 internal T7-aaaaatctacaaaaagtaaga (1180-1200) gagaaaagttcttcagagtctgg (2879-2857) 1737
3 T7-ggtttattgcattcttctgtg (2137-2157) ttctttaatctgagtgtttc (4374-4355) 2275
4 T7-ccaagctacatattgcagaag (3625-3645) ctcgttgtmttccttaatta (5865-58460) 2278
5 T7-tcaaaaagtatctttttgaaa (5116-5136) cccactaagataaggggctc (7070-7051) 1192
6 external tctgtccaggtatcagatgc (6181-6200) ctcttttgttgggcctccac (8810-8791)
6 internal T7-accaggcaagtcrtttccaaa (6247-6268) agatgatgtcttctccatcc (8736-8717) 2527
7 external gaagattamtggtaagga (7921-7940) cgctgaggtaaamgaaac (10620-10600)
7 internal T7-ctcataccctccaatgatgg (7987-8006) ggtttgaaattatattccag (10560-10541) 2611

The numbers in parentheses refer to the positions according to Tavtigian et al,22 Genbank accession number U43746.

breast cancer and one case of ovarian cancer.
The proband of the third BRCA2 family
presented with early onset breast cancer and
had a family history of skin cancer rather than
breast cancer.

Patients and methods
Patients were ascertained as they presented
with disease at various clinics throughout the
German and Italian speaking parts of Switzer-
land. At the time of diagnosis the patients were
asked if they would be willing to participate in
a genetic screening study of BRCA1 and
BRCA2 if they fulfilled any of the following
minimum criteria: any woman under 40 years
of age with breast cancer and no other affected
first or second degree relatives; any women
under 50 years of age with a first degree relative
also under 50 years of age with breast cancer;
any woman under 50 years of age with breast
cancer and a first degree relative with ovarian
cancer at any age; any woman with ovarian
cancer with a first degree relative with ovarian
cancer at any age; any women with bilateral
breast cancer both of which were identified
before the age of 60 years; and any women with
breast and ovarian cancer. Disease status in
probands and affected relatives was confirmed
in the majority of patients by pathology reports
and in those cases where these were unavailable
by death certificates. All women entering into
this study signed an informed consent declara-
tion.

TEMPLATE PREPARATION
For genomic DNA, patient peripheral blood
lymphocytes (PBLs) were prepared from 10 ml
EDTA blood and DNA was isolated using the
salting out procedure.'0 Total RNA was pre-

Table 2 Summary of breast and ovarian cancer patients
in the families of the 86 breast cancer patients

Index No of relanves No offamilies

Bilateral Brca <60 0 10
Brca <40 0 24

1 brca 10
2 brca 5
3 brca 4

Brca <50 1 brca 7
2 brca 4
3 brca 10

Brca ¢ 50 1 brca 4
2 brca 2
3B brca 2

Ovca 0 1*
1 ovca 1
2 ovca 1
> 3 ovca 1

*This woman had both breast and ovarian cancer.

pared from the PBLs (isolated by ficoll-hypac
centrifugation within 24 hours of phlebotomy)
of 10 ml heparin treated blood using Triazol
(Gibco, Basel). cDNA was made using 10 ,ug of
total RNA, 500 ng random hexamer, and 400
units of M-MLV reverse transcriptase (Gibco,
Basel) in a 50 gl volume according to the
manufacturer's instructions.

PCR AND SEQUENCING
PCR for BRCA1 was performed as described
previously." BRCA2 sequences were amplified
in essentially the same manner, except that
seven overlapping fragments of the BRCA2
coding sequence were amplified from either
genomic DNA or cDNA as shown in fig 1 and
table 1. Segments 3 and 4 were PCR amplified
from 200 ng of genomic DNA template in a 25
gl reaction volume using standard conditions
except that primer concentration was 200
nmol/l. The samples were cycled at 94°C for 30
seconds, 55°C for 30 seconds, 72°C for two
minutes, 35 times. Segments 1, 2, 4, and 5 were
amplified from cDNA. A total of 0.5 gl of
cDNA was used in a nested PCR procedure in
which the external primers were included for
20 cycles of amplification in a 10 gl reaction
volume. Then a 1 gl aliquot was removed and
used as template for an additional 30 cycles of
amplification in a 25 jl reaction in the presence
of the internal primers. The temperature and
time parameters were as above. Oligonucle-
otide primers were purchased from Microsynth
(Balgach, Switzerland). Dideoxy sequencing of
the PCR products was performed using Ther-
mosequenase (Amersham, Buckinghamshire,
UK) and analysed on a Licor automated
sequencer (Lincoln, Nebraska).

PROTEIN TRUNCATION TEST
Transcription and translation was performed
on 1 gl ofPCR product in a 5 ,ul reaction using
the TNT T7 coupled reticulocyte lysate system
(Promega, Madison, WI). A total of 0.2 p1 of
EasyTag 35S methionine (NEN, Boston, Mass)
was included in each reaction. Labelled protein
products were size separated using 12%
sodium dodecyl sulphate polyacrylamide gel
electrophoresis. Thereafter, the gels were fixed,
dried, and exposed to Biomax film (Kodak,
Rochester, NY).

Results
In this study 86 women were analysed using the
protein truncation test for mutations in both
BRCA1 and BRCA2. The results of BRCA1
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Table 3 BRCAl and BRCA2 mutations andfamily characteristics

Family Gene Exon Nucl cha-nge aa change Type Brca (age) * Ovca (age) * Other

1686 BRCA1 1 11136insA 345 ter F - 5 (43-70)
1604t BRCA1 11 61ldelC 502 ter F 5 (41-42) -
1560t BRCA1 11 1648C- G Ser51OStop N 5 (33-42) -
1564 BRCA1 11 2804delAA 901ter F 3 (33-59) 2 (37, 64)
1668 BRCAI 11 3039delTT 990ter F 4 (40-65) 2 (?,?) Liver
1540t BRCA1 11 3449insA 1114ter F 4 (39-48)
0323 BRCA2 11 3036delACAA 958ter F 4 (31-60) - Testis
1649 BRCA2 11 3036delACAA 958ter F 3 (35)4
1353 BRCA2 14 7297delCT 2358ter F 1 (32) - 2 mel

N=nonsense mutation, F=frameshift mutation, del=deletion, ins=insertion, mel=melanoma.
*When more than two patients affected, age is given as a range.
tReported previously."
1tAge of the two other relatives unknown.

testing on 63 women have previously been
reported but were included in this study since
BRCA2 analysis had not been performed. A
summary of their family histories is shown in
table 2.
Both cDNA and genomic DNA were used

for mutation detection studies. All samples
showing premature termination codons were
verified by direct sequencing of genomic
DNA. Two mutations were identified in
cDNA and the remaining in genomic DNA. A
summary of all mutations identified is shown
in table 3.
BRCA1 analysis of the 23 women not

included in our previous study" showed three
additional mutations which were spread
throughout exon 11 of BRCA1. The mutation
identified in family 1668 was a 2 base pair (bp)
deletion at bp 3037 which resulted in a prema-
ture stop at bp 3091. The family history is
remarkable in that there are two early onset
ovarian cancer patients, five early onset breast
cancer patients, and one 50 year old liver can-
cer patient who was unavailable for testing. In
addition, two unaffected carriers were identi-
fied, one male (aged 45 years), the other female
(aged 42). Affected persons in family 1564
harboured a 2 bp deletion at position 2804
which results in a premature stop codon 18 bp
later. This mutation has been reported previ-
ously but not published. Affected family mem-
bers all presented with breast cancer under the
age of 60 years; however, two of them
developed ovarian cancer at the ages of 37 and
64 years. As with the previous family, two
unaffected carriers were identified, one male
(aged 27), the other female (aged 20). One
ovarian cancer family without breast cancer
was also included in this study. The mutation
identified in this family (1686) was an A inser-
tion at position 1129 ofBRCA1 which resulted
in a stop codon 17 bp downstream and has not

Table 4 Haplotype sharing at the BRCA2 locus in families 0323 and 1649

Family 0323 Family 1649

Markers 1 2 3 4 5 6 7

D13S289 1 2 1 2 4 4 1 4 1 4 1 4 2 4
D13S290 1 4 1 4 3 1 3 1 3 3 2 1 1 1
D13S260 2 3 2 3 1 2 1 3 6 6 1 3 1 3
D13S171 2 5 2 5 2 2 1 4 4 4 1 4 2 4 BRCA2
D13S267 3 4 3 4 1 4 4 1 1 1 1 1 4 1

Patients 1-6 belong to family 0323 as indicated in fig 2A and patient 7 belongs to family 1649 (fig
2C). Common alleles in persons harbouring the delACAA mutation (underlined) can be seen
within family 0323 which are present in patient 7 (family 1649). Segregating alleles for marker
Dl 3S260 could not be determined, so both alleles are underlined.

been reported previously. All patients within
this family presented with ovarian cancer
under the age of 70 years, the youngest of
whom was only 43 years of age when
diagnosed.

Since 80 of the selected families meeting our
inclusion requirements did not appear to
harbour mutations in BRCA1, BRCA2 screen-
ing was performed. Three families were identi-
fied as having mutations in BRCA2. Affected
persons in family 0323 harbour a 4 bp deletion
(ACAA) at position 3036 which results in a
stop codon 67 bp downstream.
Three patients with early onset breast

cancer harboured the 4 bp deletion and an
obligate carrier was identified who died of
ovarian cancer three years after her diagnosis
at 66 years of age. In addition, a 60 year old
sister of the ovarian cancer patient was
diagnosed with breast cancer but did not har-
bour the mutation nor did her 40 year old son
who suffered from testicular carcinoma (fig
2A). Family 1649 (fig 2B) harboured an iden-
tical mutation to that found in family 0323
which was associated only with early onset
breast cancer. In this family, three generations
ofwomen developed early onset breast cancer.
The paternal grandmother of the proband also
developed breast cancer albeit at a later age,
but she was unavailable for testing. Haplotype
analysis showed that these two families are
related, as common alleles were shared
between affected persons (table 4). The muta-
tion found in families 0323 and 1649 is simi-
lar to that reported previously" 2 in that it
occurred in a string of adenine bases. The
exact location of the mutation, however, is
impossible to determine since the surrounding
sequence (GTGATAAACAAGCAA) does not
allow the differentiation between a deletion
starting at position 3034, 3035, or 3036.
A 2 bp deletion at position 1297 in exon 14

ofBRCA2 resulting in a premature stop codon
3 bp downstream of the mutation was identi-
fied in the index patient from family 1353 and
is a new mutation. This woman was the only
breast cancer patient in the family (fig 2C).
Additional family members suffered from
other malignancies which included two
melanoma patients, one of whom developed
disease at 30 years of age, and one basal cell
carcinoma patient. Unfortunately, none of
these patients was available for analysis.
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A
0323

Breast cancer 60 Abdominal
Haplotyped disease

BRCA2 mutation -ve

Testicular
cancer 40

B
1649

Abdominal
cancer

Suicide Infarct, Suicide, Ovarian Breast cancer 62 Spinal Liver
64 23 cancer 66 Haplotyped cord cancer

BRCA2 mutation -ve tumour, 45
64

Suicide Breast cancer 48 Breast cancer 45 Oestrogen Bilateral
Haplotyped Haplotyped \disorder breast
BRCA2 BRCA2 cancer,

mutation +ve mutation +ve HaplotVped 31, 43
BRCA2 Haplotyped
mutation BRCA2

-ve mutation
+ve

1353

Breast Breast
cancer cancer

Breast Melanoma 30 Melanoma 65 Basal cell
cancer carcinoma,

died at 60

Breast cancer 35 Breast
Haplotyped cancer 32

BRCA2 mutation +ve

Figure 2 The three pedigrees with BRCA2 mutations. Persons usedfor haplotyping analysis are as indicated. Those persons with an asterisk above their
symbol are the index patientsfrom each of the families and have the same BRCA2 mutation (indicated as BRCA2 +ve). Age of diagnosis is indicated
where known.

Discussion
Most studies on breast cancer families have
focused on large informative families where
there is reasonably good pedigree data. Rela-
tively little is known about persons who have
minimal family history of disease but have
developed disease at an unusually early age. In
this study we have addressed this issue by
including in the study persons who fulfil a
minimal criteria. The carrier frequency for
BRCA1 is 1:833'3 and BRCA2 is approxi-
mately the same,6 suggesting 1:400 people in
the general population are carriers. The two
genes are expected to account for approxi-
mately 10% of the breast cancer cases under 45
years of age.14 Therefore it is to be expected
that approximately half of the mutations would
be the result of BRCA1 and half BRCA2. In
this study the ratio of BRCA1 to BRCA2
mutations was 3:1, indicating that BRCA1 is
more frequent in the Swiss population than
BRCA2. Since, however, only a few mutations
were detected, this result may be inaccurate
owing to sample size.

Because of the size of BRCA1 and BRCA2,
efficient screening of both genes remains prob-
lematical. The PTT represents a relatively use-
ful alternative to more labour intensive screen-

ing strategies in that large amounts of coding
sequence can be quite rapidly examined. A
major advantage of this method, in comparison
to other detection strategies, is that any
changes observed are likely to lead to a loss of
function. In this report cDNA was used as
template for the PTT which is generated from
mRNA by reverse transcriptase. Mutant mes-
sage may be susceptible to the actions of non-
sense mediated decay and therefore may not be
represented to the same extent as normal
message" which would result in the apparent
absence of detectable truncated products by
the PTT. This, we believe, is unlikely since
before starting this study we investigated
lymphoblastoid cell lines with known muta-
tions that had previously been reported as
being susceptible to the actions of nonsense
mediated decay. These studies indicated that as
long as mRNA was isolated from lymphocytes
immediately after phlebotomy, sufficient mu-
tant message was present for cDNA conversion
and hence mutation detection (results not
shown). An additional feature of the PTT
which could lead to decreased sensitivity of the
method is the amount of overlap between the
respective segments used for gene analysis. If
insufficient overlap is designed into the
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method, a loss of sensitivity is expected. In this
study fragment overlap was approximately 200
bp which is sufficient to ensure that mutations
occurring towards the ends of each segment
would be detected. There remain, however,
limitations with respect to the sensitivity of the
PTT. It does not detect missense mutations
which have been shown to account for a small
but significant proportion of changes in
BRCA1 and BRCA2. Preliminary results from
a second screening of 23 women included in
this study for additional BRCA1 mutations
showed five polymorphisms of unknown sig-
nificance (data not shown), suggesting that the
PTT should not be relied on as a definitive test.
Thus the PTT can be recommended for an
initial screen for both BRCA1 and BRCA2;
however, other more sensitive screening
strategies such as denaturing gradient gel elec-
trophoresis should also be used.6 Alter-
natively, indirect mutation detection methods
could be used, such as microsatellite marker
analysis or restriction fragment length poly-
morphism (RFLP) analysis which could indi-
cate the disease allele in cases where there
were genomic deletions, rearrangements, pro-
motor sequence mutations, and missense
mutations.
Out of 86 breast cancer patients who fulfilled

our inclusion criteria, only 10.5% were found
to harbour mutations in either BRCA1 or 2.
Interestingly, all persons with either BRCA1 or
2 mutations had a significant history of cancer;
however, it appears that BRCA2 mutations
may be less tissue specific than BRCA1 muta-
tions.

If age restrictions are applied, then the con-
tribution of an inherited susceptibility to the
overall number ofbreast cancer patients should
increase as age decreases.'7 In the families
studied in this report only about 10% could
be assigned to either BRCA1 or 2 which is
close to the predicted value.'7 These results are
comparable to recently published data indicat-
ing that BRCA1 and BRCA2 do not account
for all breast/ovarian cancer families.'6 18 Given
the selection criteria adopted for the present
study the mutation detection rate of 10.5% is
consistent with other larger studies using
slightly different inclusion requirements'6 18
and suggests that the Swiss population is
similar to others from the same region. The
paucity of genetic changes found in women
who did not have a family history of disease
supports the notion that BRCA1 and BRCA2
are unlikely to be associated with de novo
mutations and therefore represent a special
entity with respect to breast cancer develop-
ment.

Since BRCA1 has been linked to both breast
and ovarian cancer it was not surprising to
identify a germline BRCA1 mutation in an
ovarian cancer family. The mutation occurs in
the 5' end of the gene, thus providing further
evidence that mutations towards the 5' end
appear to be associated with an increased ovar-
ian cancer risk.'" BRCA2 carriers, however, do
not have the same risk of ovarian cancer devel-
opment but do nevertheless have a greater risk
than the general population. Recently, it has

been shown that there is an ovarian cancer sus-
ceptibility region in BRCA2,7 somewhere
between nucleotide 4235 and 6504, known as
the ovarian cancer cluster region (OCCR). The
BRCA2 family with ovarian cancer identified
here harbours a mutation at 3036 which has
previously been reported'2 to be associated
with ovarian cancer and may therefore extend
the OCCR in BRCA2 by another 1200 bp
towards the 5' end.
The spectrum of disease observed in families

harbouring BRCA2 mutations was different
from that associated with mutations in
BRCA1. It appears that mutations in BRCA2
may confer a broader range of disease suscepti-
bility as compared to BRCA1. Indeed it has
been shown that germline mutations in
BRCA2 appear to be associated with pancre-
atic cancer development.2' In the current study
we observed two melanoma patients within one
family where only one isolated early onset
breast cancer case was observed, suggesting
that BRCA2 may confer increased risks for
other types of cancer than breast and ovary.
Unfortunately, DNA was not available for
study from these two patients.
Two families from different regions of Swit-

zerland were identified harbouring the same
germline BRCA2 mutation (delACAA). As this
4 bp deletion is not discernible, owing to the
nature of the surrounding sequence, from
those reported at positions 3034 or 3035, it is
difficult to determine if this region represents a
common site for mutation or a founder
mutation. Haplotyping analysis of the two
families reported here suggests that these two
families are related as common alleles are
shared by all affected persons. Since this muta-
tion has been previously described in families
from different countries it remains possible
that it is either a founder mutation or is a
regional hotspot for mutations.
The remaining 77 patients in whom germ-

line BRCA1 or BRCA2 mutations were not
identified represent a significant problem with
respect to mutation detection and genetic
counselling. Given that only a few families
tested positive, it is to be expected that some
mutations were not detected using the PTT;
however, it is unlikely that a significant number
have been missed, implying that there are other
genes responsible for the increased risk of
breast cancer development seen in this popula-
tion of women.
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