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Abstract

A national study of BRCA1 and BRCA2 mutations in Danish HBOC (Hereditary Breast Ovarian Cancer) families revealed
a total number of 322 mutation positive families, 206 (64%) BRCA1 and 116 (36%) BRCAZ2 positive families from a
population of 5.5 million inhabitants. Seven hundred and twenty six mutation positive individuals were identified: 402
female BRCAL carriers, 79 male BRCAI1 carriers, 213 female BRCA2 carriers, and 32 male BRCA2 carriers by April 2006.

Most of the mutations were frame shift or nonsense mutations, while large genomic rearrangements were rare. Most
mutations were only identified in one family. A few mutations were detected repeatedly. In BRCA1 the most common
mutations were: 2594delC in 32 families (16%), 3438G >T in 19 families (9%), 5382insC in 16 families (8%), 3829delT in
11 families (5%). In BRCA2 the most common mutations were: 6601delA in 13 families (11%), 1538del4 in 12 families
(10%), 6714del4 in 10 families (9%).

There was a tendency towards a higher frequency of BRCA2 mutations in West Denmark compared to East Denmark.
The frequencies of specific BRCA1 and BRCA2 mutations were slightly different in the two regions. The mutations
occurring in West Denmark have also been observed in other Scandinavian countries whereas the mutations occurring in
East Denmark were more often reported from other European countries and the Baltic countries. The pattern of mutation
distributions are comparable with observations from other Scandinavian and European studies and indicate that the Danish
BRCAI1 and BRCA2 mutations are a mixture of Scandinavian mutations and other European mutations including two of
the Ashkenazi mutations.

Even though a tendency towards founder mutations was observed most mutations were only detected once. Based on
these observations we recommend that the mutation screening strategy of the BRCA1 and BRCA2 genes in Danish HBOC
families comprises full screening of both genes including analysis for large genomic rearrangements.

Familial occurrence of breast and/or ovarian cancer indication of whether genetic diagnostic testing
is observed in a minor proportion of patients with should be initiated and which genes should be
breast or ovarian cancer. Hereditary breast and/or analysed. The BRCA1 and BRCA2 genes are most
ovarian cancer (HBOC) families are identified by frequently mutated and other genes are only
genetic risk assessment and genetic diagnostic analysed if the pedigree is suspicious of another
testing. HBOC families are characterised by the cancer syndrome. BRCA1l and BRCA2 mutations
presence of early onset breast cancer and/or have been identified in approximately 28.5% of
ovarian cancer in first degree female relatives or the families from Southwest Denmark with HBOC
second degree relatives related through a male or hereditary breast cancer without ovarian cancer
family member. The family history is the major [1].
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The frequency and distribution of BRCA1 and
BRCA2 mutations reflect the genetic composition of
the studied population and such issues are important
components of a molecular diagnostic strategy. This
is the case for populations with a high frequency of
Ashkenazi Jews. It is very important to collect
national data concerning BRCA1 and BRCA2
mutations in order to get the best estimate of the
mutation distribution but it is also important to
evaluate if there are regional differences even in a
small country as Denmark. The aim of the present
study was to develop the optimal diagnostic strategy
based on the report of all BRCAl1l and BRCA2
mutations identified in Denmark by April 1, 2006.

When a BRCA1 or BRCA2 mutation is identified
in a family other family members are offered
predictive testing for the mutation. The utilization
of predictive genetic testing varies according to many
variables such as gender, age, marital status, children
and whether there are any cancer preventive possi-
bilities. As part of this study we were interested in
evaluating the utilization of predictive genetic testing
for BRCA1 and BRCA2 mutations in Denmark.

Material and methods

Mutation screening and testing of the BRCA1 and
BRCA2 genes were performed in four laboratories
(Odense, Copenhagen, Herlev, and Aalborg) and
have also earlier been performed in Lund, Sweden,
and to a lesser extent at Medical Genetics Clinic at
Copenhagen University. BRCA1 and BRCA2 testing
was requested after genetic risk assessment and
counselling by the departments of Clinical Genetics.
Mutation screening was performed by slightly
different techniques, but most laboratories used
DHPLC (Denaturing High Performance Liquid
Chromatography) and sequencing. All suspected
abnormal results from DHPLC were sequenced.
Some laboratories performed PTT (Protein Trunca-
tion Test) in exon 11 in BRCA1 and exons 10 and
11 in BRCA2 to screen for truncating mutations.
There was no difference in mutation detection
frequency between the PTT method compared to
the DHPLC method (data not shown). MLPA
(Multiplex Ligation dependent Probe Amplification)
analysis was used to identify large genomic rearran-
gements. Analysis of a known mutation in the family
was usually performed by sequencing or MLPA.
Pathogenic mutations were defined as in BIC
(http://research.nhgri.nih.gov/bic). In brief, all mu-
tations introducing premature stop codons (except
the terminal frame shift mutations in exon 27
of BRCAZ2, see http://research.nhgri.nih.gov/bic),
larger genomic rearrangements, and splice site
mutations in the positions +1, +2, —1, —2 were
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classified as pathogenic. If the deletion/insertion only
involved one exon the mutation was verified by other
methods such as long range PCR or other compar-
able methods. If a missense mutation was located in
the last nucleotide in an exon further analyses were
performed to confirm the aberrant splicing [2].
Three missense mutations in BRCA1 (5208T >C,
5332G >A, and 5544G >T) were classified as
pathogenic mutations according to functional assays
which supported this assumption [3-5]. The no-
menclature of mutations followed the guidelines
described in BIC.

Results

Three hundred and twenty two BRCA1 and BRCA2
positive families were identified by April 1, 2006,
and 206 (64%) had mutations in BRCA1 and 116
(36%) in BRCA2. After the primary identification of
a mutation in a family at risk, family members were
tested for the familial mutation. Four hundred and
four persons were tested positive for the mutation
identified in the family, and of these 275 were
BRCAI1 carriers (207 females and 68 males) and
129 were BRCAZ2 carriers (106 females and 23
males). In total 726 mutation positive individuals
were identified: 402 female BRCALI carriers, 79 male
BRCALI carriers, 213 female BRCA2 carriers, and
32 male BRCA2 carriers.

The utilization of predictive testing did not differ
between BRCA1 and BRCA2 families. Four hun-
dred and four persons tested positive for the familial
mutation which gives a ratio of 1.25 (404/322)
carrier pr. family. We did not have information about
the family members who tested negative for the
familial mutation, but if we anticipate that this
number is equal to the number of mutation positive
individuals this results in an average number of 2.5
persons pr. family who ask for predictive genetic
testing. The utilization of predictive testing did not
differ significantly between BRCA1 families and
BRCA2 families as the ratio of carries pr. family
was 1.3 for BRCA1 families and 1.1 for BRCA2
families. Female relatives requested predictive test-
ing more often than male relatives. The ratio of
females versus males requesting predictive testing in
BRCAI families was 3.0 and in BRCA2 families the
ratio was 4.7. This difference was not statistically
significant by Fisher’s Two-Tail Exact Test.

Most of the mutations in BRCAl were only
identified once (Figure 1) and occurred in exon 11
(62%). This is not surprising as exon 11 comprises
61% of the coding sequences in the BRCA1 gene.
The most common BRCA1l mutations were
2594delC in 32 families (16%), 3438G >T in
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Figure 1. Frequency of BRCA1 mutations in Danish HBOC families.

19 families (9%), 5382insC in 16 families (8%), and
3829delT in 11 families (5%).

Most of the mutations in BRCA2 occurred in
exons 11 and 10 (71%: 56% in exon 10 and 15% in
exon 11) (Figure 2), and like in BRCA1l many
BRCA2 mutations were only identified once. The
frequency of 71% for mutations in exons 10 and 11
is a little higher than the size of these exons (59%) in
the BRCA2 gene, but the observed frequency is
identical to the reported mutations in BIC. The
three most common BRCA2 mutations were
6601delA in 13 families (11%), 1538del4 in 12
families (10%), and 6714del4 in 10 families (9%).

The majority of BRCA1 and BRCA2 mutations
were frame shift mutations (54% and 78%, respec-
tively), nonsense mutations occurred in 24% of the
BRCA1 families and 15% of the BRCA2 families,
missense mutations were only reported in BRCA1
(17%) families, splice site mutations were observed
in 0.5% of the BRCA1l families and 8% of the
BRCAZ2 families, and large genomic rearrangements

were only observed in BRCA1 (4% deletions and
0.5% duplication). A deletion of an exon in BRCA2
has later been detected. As pathogenic missense
mutations were only identified in BRCA1 we calcu-
lated the frequencies of different BRCA1 mutation
types excluding the missense mutations. The com-
bined frequencies of frame shift mutations together
with the nonsense mutations were very similar for
the two genes: 95% in BRCAI and 93% in BRCAZ2.

The number of mutation positive families identi-
fied by each laboratory was 145 families at Odense
University Hospital, 120 families at Rigshospitalet in
Copenhagen and Skejby Hospital in Arhus in
collaboration, 38 families at Lund University Hos-
pital, 11 families at Herlev Hospital, 5 families at
Alborg Hospital, and 4 families at Medical Genetics
Clinic at Copenhagen University.

Two laboratories are located in West Denmark
(Odense University Hospital and Alborg Hospital)
and two laboratories (Rigshospitalet and Herlev Hos-
pital) are located in Copenhagen in East Denmark.
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Figure 2. Frequency of BRCA2 mutations in Danish HBOC families.
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Figure 3. BRCA1 mutations (in%) in West Denmark vs. East Denmark.

The mutations identified at Lund University Hospi-
tal could be allocated to West or East Denmark,
respectively, according to the requesting Depart-
ments of Clinical Genetics. This resulted in 167
families (102 BRCA1 and 65 BRCAZ2) from West
Denmark and 155 (104 BRCA1 and 51 BRCA2)
families from East Denmark. Of the 206 BRCA1
families 50% were from West and 50% from East
Denmark and of the 116 BRCA2 families 56% were
from West and 44% from East Denmark.

There was a tendency towards a different distribu-
tion of the specific BRCA1 mutations and also of the
specific BRCA2 mutations in the two regions of
Denmark. Seven BRCA1 mutations occurred more
frequently in West Denmark: 2594delC, 2595delA,
3438G >T, 3829delT, 3993delT, 5208T >C, and
5332G >A. Five BRCA1 mutations occurred more
frequently in East Denmark: 185delAG, 234T >G,
249T >A, 3172ins5, and 5382insC (Figure 3). In
BRCAZ2 three mutations occurred more frequently
in West Denmark: 3058A >T, 6601delA, and

6714del4, and four mutations occurred more fre-
quently in East Denmark: 1538del4, 4075delGT,
5982delTA, and 9243delAG (Figure 4).

Discussion

The distribution of mutations in a population is
characterised by the genetic homogeneity or hetero-
geneity of that population. Knowledge about muta-
tion distributions is important when a population
specific strategy for mutation screening is consid-
ered. If mutation screening could be limited to a
small number of founder mutations the costs and
amount of time for laboratory work could be
reduced [6]. Specific mutations in BRCA1 are very
common in Norway [7] and this is also observed
for people of Ashkenazi Jewish ancestry where
two BRCA1 mutations and one BRCA2 mutation
are very common [8]. Our study included all the
identified Danish BRCA1 and BRCA2 positive
HBOC families by April 2006 in a population of
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Figure 4. BRCA2 mutations

(in%) in West Denmark vs. East Denmark.
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approximately 5.5 million inhabitants. A total of 322
BRCA1 and BRCAZ2 positive families were identified
with 64% BRCA1l families and 36% BRCA2
families. This was a slightly higher frequency of
BRCAZ2 mutations compared to Norway and Poland
[7,9] but the results were comparable to Sweden
[10].

If a BRCA1 or BRCA2 mutation is identified in a
family other family members can be offered pre-
dictive testing for the mutation. Our study revealed
that on average 1.25 individuals were tested positive
pr. family. We did not have information about the
family members who tested negative for the familial
mutation, but if we anticipate that this number is
equal to the number of mutation positive individuals
this results in an average number of 2.5 persons pr.
family who ask for predictive genetic testing. The
utilization of predictive testing did not differ sig-
nificantly between BRCA1 and BRCA2 families, but
female relatives requested predictive testing more
often than male relatives. The ratio of females versus
males requesting predictive testing was 3.0 in
BRCAI1 families and 4.7 in BRCA2 families. It is
not surprising that women request predictive testing
for BRCA1 and BRCA2 mutations more often than
men because the increased cancer risks are primarily
female related cancers, but this trend might change
as we become more aware of an increased risk for
prostate cancer in BRCA2 male carries [11].
Furthermore, the utilization of predictive genetic
testing is closely correlated to preventive interven-
tions which are not yet part of a routine clinical
setting for male carriers concerning prostate cancer.
There were relatively more females than males who
tested positive for the familial BRCA2 mutation
compared to BRCAI1. This difference could be
explained by a higher number of living female family
members in BRCA2 families caused by a better
survival among BRCAZ2 breast cancer cases and a
lower risk of ovarian cancer. It could also just be
caused by chance due to a limited number of
BRCA2 families, and the difference was not statis-
tically significant.

The exonic location and the type of mutations in
BRCA1 and BRCA2 did not differ from other
studies as most of the mutations were located in
the large exon 11 in BRCAL1 and exons 10 and 11 in
BRCAZ2. Most of the mutations were either frame
shift or nonsense mutations, and large genomic
rearrangements were rare [12]. Two missense muta-
tions in BRCA1l were reported several times in
Danish HBOC families, namely 5208G>T
(C1697R) and 5332G >A (G1738E), and most
often these families were from West Denmark.
These missense mutations have been shown to be
most likely pathogenic by functional assays [3,4].

However, in general it is difficult to interpret
missense mutations concerning pathogenecity be-
cause of lack of functional assays.

There was a tendency towards founder BRCA1
and BRCA2 mutations in Danish HBOC families,
but most mutations only occurred in one family. The
most common BRCA1 mutations were 2594delC,
3438G >T, 5382insC, and 3829delT (Figure 1).
The three most common BRCA2 mutations were
6601delA, 1538del4, and 6714del4 (Figure 2). The
2594delC BRCA1 mutation has been reported from
Sweden, Norway and Western Europe (http://re-
search.nhgri.nih.gov/bic/), and the 3438G >T
BRCA1 mutation is also prevalent in Norway. The
5382insC BRCA1 mutation is one of the Ashkenazi
Jewish founder mutations with a high frequency in
many populations worldwide including Europe. Two
of the recurrent BRCA2 mutations (1538del4 and
6714del4) have also been observed in many other
populations whereas the 6601delA BRCA2 mutation
is less frequent. It has been reported five times in the
BIC database, once by our group and four times by
Myriad, where no information about patients was
available.

There was a slight tendency towards a higher
frequency of BRCA2 families in West Denmark
compared to East Denmark. Of the 116 BRCA2
families 56% were from West and 44% from East
Denmark whereas there was an equal distribution of
the 206 BRCAI1 families. We do not have the clinical
data of the families so it is not possible to evaluate
whether different criteria for selection of families for
mutation analysis was used.

There was a slightly different distribution of the
specific BRCA1 and BRCA2 mutations in the two
regions of Denmark (Figure 3). Four of the BRCA1
mutations with an increased frequency in West
Denmark have all been reported in Norway
(2594delC, 3438G >T), Sweden (2594delC,
2595delA, 3829delT) and Western Europe
(3829delT). The 3993delT mutation is not listed
in BIC. The missense mutation 5208G>T
(C1697R) has been reported in BIC twice, and
both times from Denmark (once by our group), and
the second missense mutation 5332G >A (G1738E)
has been reported three times by Myriad. One of
these reports by Myriad states that the studied family
was of Western European ethnicity.

Two of the BRCA1 mutations with an increased
frequency in East Denmark are the Ashkenazi
mutations 185delAG and 5382insC, which have
been reported worldwide especially from Europe
and the Baltic countries. The BRCA1l mutation
234T >QG is also frequent in East Denmark and
this mutation is located in the RING domain in exon
3 of BRCA1l where other mutations have been



shown to be pathogenic. These mutations are T >C
and T >A (instead of T >QG) and both have been
reported from many European countries in BIC.
The 249T > A mutation has only been reported once
in BIC by Myriad and no clinical data was available.
The 3172ins5 mutation has been reported from
Western Europe.

In BRCA2 three mutations occurred more fre-
quently in West Denmark (Figure 4). The 3058A >
T mutation has been reported from Denmark and
Sweden in BIC, but also from Myriad with Western
European and also African American ethnicity. The
6601delA mutation has only been reported in BIC
by Mpyriad except once by our group and no
information about the tested persons was available
from Myriad. The 6714del4 mutation has been
reported from United Kingdom, Australia and Italy.
Two of the mutations with an increased frequency in
East Denmark (1538del4, 4075delGT) have been
reported from many countries in Western Europe.
The 5982delTA mutation is not listed in BIC, and
the 9243delAT mutation has only been reported
once in BIC from Denmark [13].

In conclusion, the presence and frequency of the
Danish BRCA1 and BRCA2 mutations are compar-
able with observations from other Scandinavian and
European studies and indicate that the Danish
BRCA1 and BRCA2 mutations are a combination
of Scandinavian (South Swedish and Norwegian)
mutations and other European mutations including
one of the Ashkenazi mutations. These observations
are in agreement with the Gothic-Germany ancestry
of the Danes with a close relation to the other
Scandinavian countries.

Even though a tendency towards founder muta-
tions was observed most mutations were only
detected in one family. Based on these observations
we recommend that the mutation screening strategy
of the BRCA1 and BRCAZ2 genes in Danish HBOC
families comprises a full screening of both genes
including analysis for large genomic rearrangements.
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