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Abstract

In 517 Dutch families at a family cancer clinic, we screened for BRCA1/2 alterations using the Protein Truncation Test (PTT)
covering approximately 60% of the coding sequences of both genes and direct testing for a number of previously identified Dutch
recurrent mutations. In 119 (23%) of the 517 families, we detected a mutation in BRCA1 (n=98; 19%) or BRCA2 (n=21; 4%).

BRCA1/2 mutations were found in 72 (52%) of 138 families with breast and ovarian cancer (HBOC), in 43 (13%) of the 339
families with breast cancer only (HBC), in 4 (36%) of 11 families with ovarian cancer only (HOC), and in nine of 29 families with
one single young case (<40 years) of breast cancer. Between the different subgroups of families (subdivided by the number of
patients, cancer phenotype and age of onset) the proportion of BRCA1/2 mutations detected, varied between 6 and 82%. Eight

different mutations, each encountered in at least six distinct families, represented as much as 61% (73/119 families) of all mutations
found. The original birthplaces of the ancestors of carriers of these eight recurrent mutations were traced. To estimate the relative
contribution of two important regional recurrent mutations (BRCA1 founder mutation IVS12-1643del3835 and BRCA2 founder

mutation 5579insA) to the overall occurrence of breast cancer, we performed a population-based study in two specific small regions.
The two region-specific BRCA1 and BRCA2 founder mutations were detected in 2.8% (3/106) and 3.2% (3/93) of the unselected
breast tumours, respectively. Of tumours diagnosed before the age of 50 years, 6.9% (3/43) and 6.6% (2/30) carried the region-

specific founder mutation. Thus, large regional differences exist in the prevalence of certain specific BRCA1/BRCA2 founder
mutations, even in very small areas concerning populations of approximately 200 000 inhabitants.# 2001 Elsevier Science Ltd. All
rights reserved.
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1. Introduction

Since the identification of the breast cancer suscept-
ibility genes BRCA1 [1] and BRCA2 [2] in 1994 and
1995, respectively, a growing number of members from
families with clustering of breast and/or ovarian cancer
have sought genetic counselling [3]. In general, genetic
testing of individuals at risk can only be offered when a

specific mutation that segregates with the disease has
been identified within the family. Both BRCA1 and
BRCA2 are large genes and germline mutations in these
genes are scattered throughout the coding sequences.
Both for practical and cost-effectiveness reasons, the

probability that an individual with breast or ovarian
cancer may have a mutation in BRCA1/BRCA2 is an
important consideration in genetic testing. Therefore
models have been developed, based on characteristics
such as age at diagnosis of breast cancer and the num-
ber of breast and/or ovarian cancer patients in a family,
to predict mutation carrier status before testing [4–7].
The ethnic background of a patient can strongly

influence these probability models. For example, Ash-
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kenazi Jewish breast cancer patients have significantly
higher probabilities for carrying a BRCA1 mutation [4].
This is explained by the fact that 3 BRCA1/2 founder
mutations (BRCA1 185delAG, 5382insC and BRCA2
6174delT) are encountered at frequencies of 1, 0.1 and
1.5%, respectively, in the Ashkenazi Jewish population
[8,9]. Similar effects were observed in breast cancer
patients from the Icelandic population, in which the
BRCA2 999del5 founder mutation is prevalent (popula-
tion frequency of 0.6%) [10,11].
In other countries, including The Netherlands, several

recurrent mutations in the BRCA1 and BRCA2 genes
have been described [12–21]. Thus far, haplotype analy-
sis of Dutch recurrent mutations was consistent with a
single origin of these mutations, indicating that they are
founder mutations. In particular, the recurrent muta-
tions IVS12-1643del3835 in BRCA1 and 5579insA in
BRCA2, highlighted in the present study, were also
shown to be founder mutations [15,18].
By the end of 1998, 517 families with either clustering

of breast and/or ovarian cancer or a single case of early
onset breast cancer were registered at the Family Cancer
Clinic of the Daniel den Hoed Cancer Center and/or the
Department of Clinical Genetics of the Erasmus Uni-
versity Rotterdam. We determined family character-
istics in terms of the age at onset of breast cancer, the
presence of ovarian cancer and the number of affected
individuals in the pedigree in relation to the percentage
of mutations identified with a routinely applied set of
mutation-detection methods.
Frequencies of BRCA1 and BRCA2 founder muta-

tions detected in the Southwestern part of The Nether-
lands differed from those reported elsewhere in The
Netherlands [16] (see the BIC database). Therefore, we
looked more closely into the geographical origin of the
families with an identified mutation and investigated the
prevalence of certain founder mutations in population-
based series of breast cancer patients from specific
regions within the South-western part of The Nether-
lands.

2. Patients and methods

2.1. Families and geographical distribution of families
with a mutation

A series of families with clustering of breast and/or
ovarian cancer was referred for onco-genetic and medi-
cal counselling to our departments between 1 January
1994 and 1 January 1999; this closing date was chosen
because the routinely applied mutation-detection meth-
ods at that time took 6 to 12 months. Eligible for the
present study were all families out of these series in
which BRCA1/BRCA2 mutation analysis was per-
formed (n=517), according to a protocol approved by

the Medical Ethical Committees of our institutes. In
general, a family was eligible for screening for muta-
tions in BRCA1/BRCA2 when it met one of the criteria
listed in Table 1. The number of first and second-degree
relatives with breast and/or ovarian cancer was deter-
mined by the relationship of an affected relative to the
nearest affected individual in the pedigree. Considering
the high penetrance of BRCA1/BRCA2 mutations in
women, as well as the heterogenetic origin of breast
cancer, we excluded second-degree affected relatives
who were daughters of unaffected women, whereas sec-
ond-degree affected relatives who were daughters of
men were included.
For each family, a detailed pedigree encompassing at

least four generations was constructed. Whenever pos-
sible, hospital records and pathology reports were col-
lected from individuals with malignancies to confirm the
diagnosis. Age at onset of breast cancer was registered
in three categories: the number of relatives diagnosed
before the age of 40 years, the number of relatives
diagnosed from 40 to 49 years and the number of rela-
tives diagnosed with breast cancer from the age of 50
years and over. Pedigree data were used to identify the
ancestors most likely to have transmitted the genetic
predisposition in each of the families. On average, such
an ancestor was born around 1890. The place of birth of
that ancestor was taken as the place of origin of a
family. Occasionally, it was possible to link separate
families of which the probands were not aware they
were related; these families were then considered as one
family.

2.2. Population-based breast cancer patients

In view of the results with respect to the geographical
origin of the two founder mutations IVS12-1643del3835
(BRCA1) and 5579insA (BRCA2), we performed a
population-based study for the prevalence of these two
mutations (Fig. 1).
From previously isolated DNA of 1052 stored breast

tumour samples which were sent to our regional central
laboratory for routine steroid receptor assays [22], two

Table 1

Minimal criteria for BRCA1/BRCA2 mutation analysis

. A single woman affected by breast cancer before the age of 40

. A single woman affected by both breast and ovarian cancer

. Two first- or second-degreea relatives affected by breast cancer, one
of them diagnosed before the age of 45 years

. Two first- or second-degreea relatives, one of them affected by
ovarian cancer and the other affected by breast cancer before the

age of 50 years

. Two first- or second-degreea relatives affected by ovarian cancer

. Three first- or second-degreea relatives affected by either breast
cancer or ovarian cancer

a Only second-degree relatives who were paternally related to

another affected relative, and not maternally, were taken into account.
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groups of breast cancer patients were selected on the
basis of their region of residence: (a) patients (n=106)
who at time of diagnosis were living in the region (West-
Brabant) of clustering of the IVS12-1643del3835
BRCA1 founder mutation; and (b) patients (n=93)
from the region (Zuid-Beveland) of clustering of the
5579insA BRCA2 founder mutation (see also Fig. 1). In
both groups, no selection was made for age at diagnosis
or family history.
These 199 DNA samples were irreversibly made

anonymous, with only the geographical region of where
the patient lived and the age at diagnosis recorded. The
region was defined and registered as the zip code area.
The Netherlands (population of approximately 16 mil-
lion inhabitants) is divided into 90 zip code areas. All
samples were tested for both mutations, and for
2804delAA which is one of the most frequently detected
BRCA1 mutation throughout the whole Dutch popula-
tion.

2.3. DNA analysis

In 517 separate families, DNA analysis was per-
formed using genomic DNA, preferably of all living
affected relatives with breast and/or ovarian cancer. On
average, 1.9 patients per family were tested. As screen-
ing of the entire coding sequences of both genes is costly
and was not accessible in our clinical setting on a rou-
tine basis, we applied in all these families a set of muta-

tion-detection assays covering at least 60% of the
coding sequences of both genes. This set consisted of a
Protein Truncation Test (PTT) of exon 11 of BRCA1
and exons 10 and 11 of BRCA2 that was performed as
previously described [23] with minor modifications. In
addition, single strand conformation polymorphism
(SSCP) analysis of exon 2 of BRCA1 (which included
detection of the mutations 185insA and 185delAG);
allele specific oligonucleotide hybridisation (ASO) ana-
lysis of the founder mutations 5382insC and
IVS20+1G>A was performed. Finally, the founder
mutations IVS12-1643del3835 and IVS21-36del510 were
tested by a polymerase chain reaction (PCR) analysis
specific for these large genomic deletions [15].
In a subset of 106 families, SSCP analysis of the

remaining coding exons of the BRCA1 gene was per-
formed and in subset of 23 families, PTT analysis of the
complete BRCA2 gene from reverse transcriptase (RT)-
PCR obtained products was undertaken. The BRCA1/2
mutations identified by these additional analyses were
not taken into account with regard to the proportion of
mutations identified in relation to family characteristics
(Table 2) to make comparisons between the subgroups
possible. For the population-based study, DNA from
tumour samples of breast cancer patients was tested
with an ASO analysis for the BRCA1 mutation
2804delAA and the BRCA2 mutation 5579insA. Dele-
tion-specific PCR analysis was used to detect the
BRCA1 mutation IVS12-1643del3835.

Fig. 1. Geographical distribution of the places from which each family with one of the eight recurrent BRCA1/BRCA2 mutations originate; the

arrow indicates Rotterdam.
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2.4. Statistical analysis

P values were calculated using the two-sided Fisher’s
Exact test. All analyses were performed using STATA
6.0 software.

3. Results

3.1. Family characteristics and mutation spectrum

Overall, in the 517 families 119 (23%) mutations in
total were detected in BRCA1 (n=98; 19%) and in

BRCA2 (n=21; 4%). Table 3 lists the general clinical
characteristics of the families in which genetic analysis
was performed and the number of mutations found
per gene. In 52% (n=72) of 138 families with both
breast and ovarian cancer (HBOC), a mutation was
identified: in BRCA1 in 46% (n=64) and in BRCA2 in
6% (n=8). In families with breast cancer only (HBC),
in 13% (n=43) of the 339 families a mutation was
detected: in BRCA1 in 9% (n=31) and in BRCA2 in
4% (n=12); and in families with ovarian cancer only
(HOC) in 36% (n=4) of 11 families a mutation was
detected: in BRCA1 in 27% (n=3) and in BRCA2 in
9% (n=1).

Table 2

Frequency of BRCA1 and BRCA2 mutations, depending on the number, age at diagnosis and site of origin of the cancers in the familya

0 BC below 40 years 1 BC below 40 years 52 BC below 40 years Total

HBC

Total 172 118 49 339

Mutations

BRCA1 8 14 9 31

BRCA2 3 4 4 11

Either gene 11 (6%) 18 (15%) 13 (27%) 42 (12%)

HBOC with 1 OC

Total 47 30 17b 94

Mutations

BRCA1 7 12 12 31

BRCA2 1 3 0 4

Either gene 8 (17%) 15 (50%) 12 (71%) 35 (37%)

H(B)OC with52 OC
Total 27 12b 16b 55

Mutations

BRCA1 12 7 8 27

BRCA2 2 1 1 4

Either gene 14 (52%) 8 (67%) 9 (56%) 31 (56%)

BC, breast cancer; OC, ovarian cancer; HBC, hereditary breast cancer; HBOC, hereditary breast and ovarian cancer; HOC, hereditary ovarian cancer.
a Only mutations detected with the routinely applied set of mutation-detection methods are shown.
b Taking these 3 subgroups together, the proportion of identified BRCA1/BRCA2 mutations rose from 64% (29/45) to 78% (35/45) when results

of the more extensive mutation analyses were included.

Table 3

Frequency of BRCA1 and BRCA2 mutations in relation to the presence of breast cancer and ovarian cancer

Family characteristics No of families BRCA1 (%) BRCA2 (%) Either gene (%)

HBC

1 patient with BC below 40 years 29 0 0 0

2 patients with BC 131 11 (8) 4 (3) 15 (11)

53 patients with BC 208 20 (10) 8 (4) 28 (13)

HOC

52 patients with OC 11 3 (27) 1 (9) 4 (36)

HBOC

1 patient with both BC and OC and51 patients with BC 27 14 (52) 2 (7) 16 (59)

1 patient with OC and51 patients with BC 67 22 (33) 3 (4) 25 (37)

2 patients with OC and51 patients with BC 27 15 (56) 2 (7) 17 (63)

53 patients with OC and51 patients with BC 17 13 (76) 1 (6) 14 (82)

Total 517 98 (19) 21 (4) 119 (23)

BC, breast cancer; OC, ovarian cancer; HBC, hereditary breast cancer; HOC, hereditary ovarian cancer; HBOC, hereditary breast and ovarian cancer.
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The majority (68%; 67 out of 98 families) of BRCA1
mutations were found in the HBOC/HOC families,
whereas less than half of BRCA2 mutations were detec-
ted in the HBOC/HOC families (43%; 9 out of 21
families); this difference was statistically significant
(P=0.04).
Table 4 lists all 38 distinct mutations identified and

the number of families in which each mutation was
found. In addition, the total number of breast and
ovarian cancer cases and relative percentages per muta-
tion are shown. Fig. 2a and b show for each family the
position of the mutation in the gene and the relative
contribution of the number of breast cancer cases and

ovarian cancer cases to the clinical phenotype. By far
the most frequent mutation was the large 3.8 kb geno-
mic deletion IVS12-1643del3835 encompassing exon 13
in BRCA1, which was found in 20 families with a total
of 109 breast and/or ovarian cancer cases. Six of the
BRCA1 and two of the BRCA2 recurrent mutations
were encountered six times or more, together being
responsible for 61% (73/119) of the families with a
detected mutation.
Table 2 shows the probability of finding a BRCA1

and BRCA2 mutation with the routinely applied muta-
tion screen, in relation to the cancer phenotype in the
family. Initially, the number of affected relatives diag-

Table 4

Number of families for each mutation, and frequency of cases of breast cancer (BC) and ovarian cancer (OC) per mutation

BRCA1 Exon No. of families No. of BC/OCa No. of BC (%) No. of OC (%)

185insA 2 6 26 21 (78) 6 (22)

185delAG 2 3 9 8 (89) 1 (11)

W372X 11 1 2 1 (50) 1 (50)

1411insT 11 7 35 30 (86) 5 (14)

S510X 11 1 3 2 (67) 1 (33)

2312del5 11 3 8 7 (78) 2 (22)

Q780X 11 3 17 14 (82) 3 (18)

2524delTG 11 1 3 1 (33) 2 (67)

2765delTGC 11 1 6 4 (67) 2 (33)

2804delAA 11 8 27 17 (63) 10 (37)

E908X 11 4 19 12 (57) 9 (43)

2846del4 11 1 7 5 (71) 2 (29)

3604delA 11 1 2 2 (100) 0

3668delAGinsT 11 1 5 2 (40) 3 (60)

E1214X 11 1 5 5 (100) 0

3875del4 11 1 3 3 (100) 0

3889delAG 11 2 8 4 (44) 5 (56)

4284delAG 12 2 12 11 (79) 3 (21)

IVS12-1643del3835 13 20 109 82 (71) 33 (29)

R1443X 13 2 7 6 (75) 2 (25)

5149del4 17 1 3 3 (75) 1 (25)

5256delG 18 1 4 4 (80) 1 (20)

IVS18-1G>A 19 1 8 6 (67) 3 (33)

5382insC 20 5 19 16 (80) 4 (20)

IVS20+1G>A 20 10 30 26 (81) 6 (19)

5448insC 22 1 5 4 (67) 2 (33)

IVS21-36del510 22 9 35 30 (75) 10 (25)

IVS22+5G>A 22 1 14 11 (79) 3 (21)

Total 98 431 337 120

BRCA2 Exon No of families No of BC/OCa No of BC (%) No of OC (%)

862delAG 8 1 4 3 (75) 1 (25)

4682del4 11 1 3 3 (100) 0

4708insA 11 1 8 7 (64) 4 (36)

5578delAA 11 1 2 2 (67) 1 (33)

5579insA 11 6 22 13 (59) 9 (41)

S1882X 11 1 3 3 (100) 0

Y1894X 11 1 4 4 (100) 0

6503delTT 11 7 25 25 (93) 2 (7)

6872del4 11 1 4 3 (60) 2 (40)

9900insA 27 1 3 3 (100) 0

total 21 78 66 19

a Figures of breast and ovarian cancer do not add up because of cases with both breast and ovarian cancer.
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nosed with breast cancer at ages 40–49 years and at ages
�50 years were also taken into account for each of the
subgroups of Table 2. However, these 2 parameters did
not play a role in the probability of detecting BRCA1/
BRCA2 mutations once the classification according to
the number of early onset breast cancer and number of
ovarian cancers was made. The only exception was a
minor influence of the number of breast cancer patients
diagnosed between 40 and 49 years in families with
HBC (data not shown).
The proportion of BRCA1/BRCA2 mutations that

was detected varied from 6% (11/172) in the HBC
families without breast cancer patients diagnosed before
the age of 40 years (Table 2), to 82% (14/17) in the HBOC

families with 3 or more ovarian cancer patients and one
or more breast cancer patients (Table 3). In our series,
we recorded in total 13 male breast cancer patients in 12
different families. In 5 (42%) out of these 12 families, a
mutation was detected: four BRCA1 mutations (in three
HBOC and one HBC families) and one BRCA2 muta-
tion (in a HBOC family).

3.2. Geographical distribution of families with a
mutation

The geographical origin of the families with the eight
most frequently occurring recurrent BRCA1 and
BRCA2 mutations is shown in Fig. 1. Five pairs of

Fig. 2. (a) Position of germline mutations in BRCA1 in 98 families; the ratio of cases of ovarian cancer (black) to cases of breast cancer in each

separate family is represented within one circle. (b) Position of germline mutations in BRCA2 in 21 families; the ratio of cases of ovarian cancer

(black) to cases of breast cancer in each separate family is represented within one circle.
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families, of which the probands were not aware that
they were related, appeared to be linked; each of those
pairs was mapped out as a single family.
The arrow in Fig. 1 refers to the urban area of Rot-

terdam, in which at present approximately 750 000
inhabitants are living. Geographical clustering was seen
for a number of recurrent mutations, particularly the
BRCA1 mutations 185insA, 1411insT, IVS12-
1643del3835, and the BRCA2 mutation 5579insA. Most
striking is the situation for the BRCA1 IVS12-
1643del3835 mutation and for the BRCA2 5579insA
mutation: these cluster in two distinct, geographically
adjacent regions of a number of small towns and vil-
lages that until now were independent rural districts
with current populations of approximately 250 000 and
150 000 inhabitants, respectively.

3.3. Mutation analysis in population-based tumour
samples

Of the 199 tumours selected for testing for either the
BRCA1 mutation IVS12-1643del3835 (n=106) or the
BRCA2 5579insA mutation (n=93), the mean age at
diagnosis was 57 years (range 24–85 years). In both
regions, the ‘region-specific’ mutation was found in 3/
106 (2.8%; breast cancers diagnosed at ages 34, 43 and
48 years) and 3/93 (3.2%; diagnosed at ages 42, 47 and
53 years), respectively, of the unselected breast tumours.
In the ‘BRCA1-founder’ region, the BRCA2 founder
mutation 5579insA and the other Dutch founder
BRCA1 mutation (2804delAA), were detected once
(both 1/106; 0.9% age at diagnosis, 42 and 39 years,
respectively). In the ‘BRCA2-founder region’ none of
the other two founder mutations were detected. Of the
eight tumours with one of the three germline mutations,
seven were diagnosed before the age of 50 years. If only
breast tumours diagnosed below the age of 50 years
were considered, the prevalence of these founder muta-
tions in the regions of clustering was 6.9% (3/43) for the
BRCA1 mutation and 6.6% (2/30) for the BRCA2
mutation. Regarding all tumours from both regions
diagnosed before the age of 50 years, in 10% (7/73) one
of the three BRCA1/BRCA2 founder mutations was
detected.

4. Discussion

In this report, we describe the results of a BRCA1/
BRCA2 germline mutation analysis in a large series of
517 families visiting our Family Cancer Clinic. Overall,
we detected a BRCA1 mutation in 19% of the families,
while in 4% a BRCA2 mutation was identified. In
accordance with others, we found that the presence of
ovarian cancer, early onset of breast cancer (<40
years), and increasing numbers of young affected

women in a family, greatly enhanced the probability of
finding a mutation [4–7,24]. In addition, our data con-
firm that apart from BRCA2, BRCA1 mutations are
also involved in male breast cancer [2,24] and that both
BRCA1 and BRCA2 analysis is warranted in HBC/
HBOC families with a case of male breast cancer.
We detected no BRCA1/BRCA2 mutations in 29

families with a single case of breast cancer before the
age of 40 years. This seems to be in contrast with breast
cancer population studies, where BRCA1 or BRCA2
mutations were identified in 5.9–9.4% of the patients
diagnosed at ages below 35/36 years [25,26]. However,
our 29 patients in fact were strongly selected for not
having a positive family history for the disease since for
each family an extended pedigree encompassing at least
4 generations was constructed. In contrast, in popula-
tion-based studies cases with a positive family history
for the disease will inevitably be included. Therefore,
detailed pedigree analysis is an important tool in deter-
mining the probability of finding a mutation in BRCA1/
BRCA2.
Currently, only a few studies describe a complete

analysis of the coding sequences of the BRCA1 and
BRCA2 genes in a series of families visiting a family
cancer clinic [7,16,27]. With the set of mutation-detec-
tion methods completed in all 517 families, we analysed
approximately 60% of the coding sequences of the
BRCA1 and BRCA2 genes, and therefore will have
missed an unknown number of mutations. Despite this
limitation, our overall BRCA1/BRCA2 mutation-detec-
tion rate in 138 HBOC families (52%) was similar to the
BRCA1/BRCA2 mutation-detection rate (50%) found
by Frank and colleagues [7] in another large series of
clinically ascertained HBOC families (n=117). This
could indicate that we have detected the majority of
identifiable mutations in these families. Moreover, our
results appear to be nearly identical to those of two
recently presented smaller studies involving 100 HBOC
[27] and 268 HB(O)C families [28], respectively, analysing
the complete coding sequence of BRCA1 and/or BRCA2.
The two Dutch founder mutations in BRCA1 (IVS12-

1643del3835) and BRCA2 (5579insA) were mainly
detected in families originating from small, confined
regions in the South-western part of The Netherlands.
The cause of the geographical differences in the pre-
valence of founder mutations on such a small map-scale
may be specific demographic or geographical condi-
tions. In the 16th century, the region of clustering of the
BRCA1 founder mutation (West-Brabant) was nearly
de-populated due to a religious war (Roman-Catholics
against protestants); afterwards the region was re-
populated by large scale reproduction of a limited
number of people. Our findings may be explained by a
founder mutation carried by one of these ancestors.
Interestingly, one village in the BRCA1 founder-region
has already been shown to be a genetic isolate for other
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inherited diseases [29]. In the past, religious preferences
contributed also significantly to the isolation of com-
munities in our country. We found that all ancestors of
the families with the BRCA1 founder mutations were
Roman Catholics, while all ancestors of the families
with the BRCA2 founder mutation were protestant.
Furthermore, the region of clustering of the BRCA2
founder mutation (Zuid-Beveland) was a rather isolated
island until the nineteenth century. Apart from migra-
tion-characteristics of a population, the time period of
origin of the mutation is an important factor with
respect to geographical clustering of founder mutations.
In this respect, it is interesting to note that families with
the Dutch BRCA1 founder mutation 2804delAA, which
was estimated to have originated about 32 generations
ago, have places of origin more scattered across The
Netherlands [14] (Fig. 1).
In order to estimate the clinical impact of these two

specific founder mutations on breast cancer incidence in
the two geographical regions, we performed a popula-
tion-based study of breast tumours from these regions.
First of all, it is noteworthy that there are no significant
regional differences in the age-adjusted mortality rates
from either breast or ovarian cancer in The Netherlands
[30]. As much as 7% of breast tumours selected for age
at diagnosis below 50 years, but unselected for family
history, were due to the region-specific founder muta-
tions only. In a British population-based study, 6.1% of
patients with breast cancer at ages below 50 years were
estimated to be carriers of any BRCA1 or BRCA2
mutation [25]. Since we tested for only three BRCA1/2
mutations in the population study, all other mutations
remained undetected. Thus, already a relatively large
proportion of breast cancer below the age of 50 years
from these two regions was due to the BRCA1/BRCA2
founder mutations (10%; 7/73).
By further comparison, at least one of the three

founder mutations in the Ashkenazi Jewish population
and the single founder mutation in the Icelandic popu-
lation are found in 14 and 7.7%, respectively, of women
with breast cancer below the age of 50 years that were
unselected for family history [11,31]. Finally, the per-
centage of mutations we detected in our population-
based study was comparable to the prevalence of the
total of BRCA1 mutations identified in a hospital-based
study of 642 breast cancer patients from the Western
part of The Netherlands [32].
Mapping out the origin of the ancestors of the HBC/

HBOC/HOC families may facilitate the search for as yet
undetectable BRCA1/BRCA2 mutations in families
from the same geographical region by reconstructing
haplotypes [19]. In well-defined populations, it may even
be possible to map unknown breast cancer susceptibility
genes using haplotype-sharing.
In conclusion, even in a small and densely populated

industrial country such as The Netherlands, large

regional differences may exist in the prevalence of a
BRCA1 and a BRCA2 founder mutation. In addition to
the familial cancer history (early onset breast cancer as
well as ovarian cancer), knowledge about the presence
and prevalence of founder mutations in specific popu-
lations is of importance for selecting families eligible for
BRCA1/BRCA2 analysis and will greatly facilitate the
detection of mutations.

5. Electronic-Database Information

Accession numbers and URLs for data in this article
are as follows: BIC: http://www.nhgri.nih.gov/Intra-
mural_research/Lab_transfer/Bic/ (for BRCA1 and
BRCA2 mutations); Dutch database: http://ruly70.-
medfac.leidenuniv.nl/�devilee/Lab/b1nl5.htm; http://
ruly70.medfac.leidenuniv.nl/�devilee/Lab/b2nl5.htm;
(for BRCA1 and BRCA2 mutations in The Nether-
lands); Online Mendelian Inheritance in Man (OMIM):
http://www.ncbi.nlm.nih.gov./Omim/ (for BRCA1
[MIM 113705] and BRCA2 [MIM 600185]).

Acknowledgements

The authors thank Robert van der Helm, Mieke
Kraan-van der Est, Lisbet van Sörnsen de Koste-Kok,
Renske Olmer and Petra Bos for excellent technical
assistance, and Ellen Crepin for collecting data. We
thank Conny van der Meer, Rogier Olderburg and
Margreethe van Vliet for genetic counselling. This study
was supported by grant DDHK 95-953 from the Dutch
Cancer Society.

References

1. Miki Y, Swensen J, Shattuck-Eidens D, et al. A strong candidate

for the breast and ovarian cancer susceptibility gene BRCA1.

Science 1994, 266, 66–71.

2. Wooster R, Bignell G, Lancaster J, et al. Identification of the

breast cancer susceptibility gene BRCA2. Nature 1995, 278, 789–

792.

3. Meijers-Heijboer EJ, Verhoog LC, Brekelmans CTM, et al. Pre-

symptomatic DNA testing and prophylactic surgery in families

with a BRCA1/2 mutation. Lancet 2000, 355, 2015–2020.

4. Couch FJ, DeShano ML, Blackwood MA, et al. BRCA1 muta-

tions in women attending clinics that evaluate the risk of breast

cancer. N Engl J Med 1997, 336, 1409–1415.

5. Stoppa-Lyonnet D, Laurent-Puig P, Essioux L, et al. BRCA1

sequence variations in 160 individuals referred to a breast/ovar-

ian family cancer clinic. Am J Hum Genet 1997, 60, 1021–1030.

6. Shattuck-Eidens C, Oliphant A, McClure M, et al. BRCA1

sequence analysis in women at high risk for susceptibility muta-

tions; risk factor analysis and implications for genetic testing.

JAMA 1997, 278, 1242–1250.

7. Frank TS, Manley SA, Olopade OI, et al. Sequence analysis of

BRCA1 and BRCA2: Correlation of mutations with family his-

tory and ovarian cancer risk. J Clin Oncol 1998, 16, 2417–2425.

L.C. Verhoog et al. / European Journal of Cancer 37 (2001) 2082–2090 2089



8. Struewing JP, Abeliovich D, Peretz T, et al. The carrier fre-

quency of the BRCA1 185delAG mutation is approximately 1

percent in Ashkenazi Jewish individuals. Nat Genet 1995, 11,

198–200.

9. Roa BB, Boyd AA, Volcik K, Richards CS. Ashkenazi Jewish

population frequencies for common mutations in BRCA1 and

BRCA2. Nat Genet 1996, 14, 185–187.

10. Thorlacius S, Olafsdottir G, Tryggvadottir L, et al. A single

BRCA2 mutation in male and female breast cancer families from

Iceland with varied cancer phenotypes. Nat Genet 1996, 13, 117–

119.

11. Thorlacius S, Sigurdsson S, Bjarnadottir H, et al. Study of a sin-

gle BRCA2 mutation with high carrier frequency in a small

population. Am J Hum Genet 1997, 60, 1079–1084.

12. Szabo CI, King MC. Population genetics of BRCA1 and

BRCA2. Am J Hum Genet 1997, 60, 1013–1020.

13. Neuhausen SL. Ethnic differences in cancer risk resulting from

genetic variation. Cancer 1999, 86, 2575–2582.

14. Peelen T, van Vliet M, Petrij-Bosch A, et al. A high proportion of

novel mutations in BRCA1 with strong founder effects among

Dutch and Belgian hereditary breast and ovarian cancer families.

Am J Hum Genet 1997, 60, 1041–1049.

15. Petrij-Bosch A, Peelen T, van Vliet M, et al. BRCA1 genomic

deletions are major founder mutations in Dutch breast cancer

patients. Nat Genet 1997, 17, 341–345.

16. Ligtenberg MJL, Hogervorst FBL, Willems HW, et al. Char-

acteristics of small breast and/or ovarian cancer families with

germline mutations in BRCA1 and BRCA2. Br J Cancer 1999,

79, 1475–1478.

17. Peelen T, van Vliet M, Bosch A, et al. Screening for BRCA2

mutations in 81 Dutch breast-ovarian cancer families. Br J Can-

cer 2000, 82, 151–156.

18. Neuhausen SL, Godwin AK, Gershoni-Baruch R, et al. Haplo-

type and phenotype analysis of nine recurrent BRCA2 mutations

in 111 families: results of an international study. Am J Hum Genet

1998, 62, 1381–1388.

19. Pisano M, Cossu A, Persico I, et al. Identification of a founder

BRCA2 mutation in Sardinia. Br J Cancer 2000, 82, 553–559.

20. Sarantaus L, Huusko P, Eerola H, et al. Multiple founder effects

and geographical clustering of BRCA1 and BRCA2 families in

Finland. Eur J Hum Genet 2000, 8, 757–763.

21. Gorski B, Byrski T, Huzarski T, et al. Founder mutations in the

BRCA1 gene in Polish families with breast-ovarian cancer. Am J

Hum Genet 2000, 66, 1963–1968.

22. Berns EMJJ, Klijn JGM, van Staveren IL, Portengen H, Noor-

dergraaf E, Foekens JA. Prevalence of amplification of the

oncogenes c-myc, HER2/neu, and int-2 in one thousand human

breast cancers: correlations with steroid receptors. Eur J Cancer

1992, 28, 697–700.

23. Hogervorst FBL, Cornelis RS, Bout M, et al. Rapid detection of

BRCA1 mutations by the protein truncation test. Nat Genet

1995, 10, 208–212.

24. Ford D, Easton DF, Stratton M, et al. Genetic heterogeneity and

penetrance analysis of the BRCA1 and BRCA2 genes in breast

cancer families. Am J Hum Genet 1998, 62, 676–689.

25. Peto J, Collins N, Barfoot R, et al. Prevalence of BRCA1 and

BRCA2 gene mutations in patients with early-onset breast can-

cer. J Natl Cancer Inst 1999, 91, 943–949.

26. Malone KE, Daling JR, Neal C, et al. Frequency of BRCA1/

BRCA2 mutations in a population-based sample of young breast

carcinoma cases. Cancer 2000, 88, 1393–1402.

27. Martin AM, Blackwood MA, Antin-Ozerkis D, et al. Germline

mutations in BRCA1 and BRCA2 in breast-ovarian families

from a breast cancer risk evaluation clinic. J Clin Oncol 2001, 19,

2247–2253.

28. Wagner TM, Moeslinger R, Fleischmann E, et al., Austrian

Hereditary Breast and Ovarian Cancer Group. BRCA1 sequence

variants in 268 breast and ovarian cancer families and 103 control

individuals from worldwide populations. Proceedings of American

Society of Clinical Oncology 2000, 19 (abstr 2389).

29. Heutink P, Zguricas J, van Oosterhout L, et al. The gene for tri-

phalangeal thumb maps to the subtelomeric region of chromo-

some 7q. Nat Genet 1994, 6, 287–292.

30. Staatsuitgeverij, ed. Atlas of Cancer Mortality in the Netherlands

1969–1978. Netherlands Central Bureau of Statistics, Department

of Health Statistics, the Hague, 1980.

31. Hartge P, Struewing JP, Wacholder S, Brody LC, Tucker MA.

The prevalence of common BRCA1 and BRCA2 mutations

among Ashkenazi Jews. Am J Hum Genet 1999, 64, 963–970.

32. Papelard H, de Bock GH, van Eijk R, et al. Prevalence of

BRCA1 in a hospital-based population of Dutch breast cancer

patients. Br J Cancer 2000, 83, 719–724.

2090 L.C. Verhoog et al. / European Journal of Cancer 37 (2001) 2082–2090


