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Identification of a founder BRCA2 mutation in Sardinia
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Summary Sardinian population can be instrumental in defining the molecular basis of cancer, using the identity-by-descent method. We
selected seven Sardinian breast cancer families originating from the northern-central part of the island with multiple affected members in
different generations. We genotyped 106 members of the seven families and 20 control nuclear families with markers flanking BRCAZ locus
at 13q12—q13. The detection of a common haplotype shared by four out of seven families (60%) suggests the presence of a founder BRCA2
mutation. Direct sequencing of BRCAZ coding exons of patients carrying the shared haplotype, allowed the identification of a ‘frame-shift’
mutation at codon 2867 (8765delAG), causing a premature termination-codon. This mutation was found in breast cancer patients as well as
one prostate and one bladder cancer patient with shared haplotype. We then investigated the frequency of 8765delAG in the Sardinian breast
cancer population by analysing 270 paraffin-embedded normal tissue samples from breast cancer patients. Five patients (1.7%) were found
to be positive for the 8765delAG mutation. Discovery of a founder mutation in Sardinia through the identity-by-descent method demonstrates
that this approach can be applied successfully to find mutations either for breast cancer or for other types of tumours. © 2000 Cancer
Research Campaign
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Breast cancer is the most common malignancy in women, with aimherited breast cancer and are frequently associated with male
incidence that varies between 40 and 90 per 100 000 (standardizkcbast cancer (Wooster et al, 1995). Breast cancer risk in females
rate) worldwide. Breast cancer is the most frequent female tumowarrying BRCA2 mutations is calculated to be similar to that
in Italy, representing about 25% of all female tumours as reportedonferred byBRCAlmutations (Easton et al, 1993, 1997; Ford et
in Italian registries (Zanetti et al, 1997). al, 1994; Miki et al, 1994; Wooster et al, 199BRCAland partic-

A positive family history is known to be a high risk factor for ularly BRCA2families are often affected by other tumours such as
developing the disease: 5-10% of all breast cancers arise in ingirostate, liver, pancreas, lung, stomach and colorectum (Wooster
viduals carrying a germline mutation and are usually consideredt al, 1995; Gudmundsson et al, 1996; Phelan et al, 1996;
hereditary forms (Claus et al, 1991). Two major breast canceffhorlacius et al, 1996; Vehmanen et al, 1997b; Tonin et al, 1998).
susceptibility geneBRCAlandBRCAZ have been cloned (Miki Except for higher incidences of ovarian cancer in families with
et al, 1994; Wooster et al, 1995) and both are thought to accountutations in a 3.3-kb region of exon 11BRRCAZ2(the so-called
for 30—60% of hereditary breast cancer (Serova et al, 1997; Szalbwarian cancer cluster region [OCCR]; Gayther et al, 1997), no
et al, 1997; Vehmanen et al, 1897199D). However, large-scale other significant association between genotype and phenotype was
mutation analyses conducted in several populations suggest thdescribed BRCAland BRCA2mutations are for the most part
existence of additional breast cancer-susceptibility gene(sframe-shifts due to small deletions leading to premature transla-
BRCA1 mutations are responsible for the majority of familial tion termination (Wooster et al, 1995; Phelan et al, 1996; Tavtigian
breast cancer associated with ovarian carcinoma, for about 50% ef al, 1996; Gayther et al, 1997).
cases with breast cancer alone and for very few male breast canceSome of these mutations are prevalent in genetically homoge-
cases (Easton et al, 1993; Stratton et al, 1994; Narod et al, 1995)nkous populations as a consequence of a founder effect. A single
has been estimated that women carrying a germline mutation BRCA2mutation accounts for the majority of hereditary breast
BRCA1have a risk ranging from 80 to 90% for developing breastancer in Iceland (Gudmundsson et al, 1996; Thorlacius et al,
cancer and from 44 to 63% for developing ovarian cancer (Eastat996) and for 40% of male breast cancer cases (Johannesdottir e
et al, 1993, 1995; Ford et al, 1994; Miki et al, 1994; Wooster et akl, 1996), whereas three different founder mutations (185delAG
1994). BRCA2 mutations account for a similar proportion of and 5382insC iBBRCA1 and 6174delT ilBBRCAJ have a high

frequency in Ashkenazi Jews (Roa et al, 1996). Although at
different ratesBRCAland BRCA2founder mutations have been

265?"/2‘22”3)’1?3299 detected in other genetically homogeneous populations, such as
evise ugusi - .

the Finns (Vehmanen et al, 1297and the French-Canadians
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(Tonin et al, 1998). In Sardinia, epidemiological data from theovernight. The DNA was washed with 70% ethanol, air dried and
Regional Tumor Registry (accounting for the northern part of theesuspended in 10miTris—HCI pH 7.5, 0.1 m EDTA.
island) indicate that breast carcinoma is the principal death- Polymorphic microsatellite markers used for haplotype analysis
causing malignancy, with an incidence of 93 per 100 000 inhabiare linked toBRCA2gene at 13q12—q13 as reported in published
tants (standardized rate) (Budroni et al, 1998). Sardiniamenetic and physical maps: cen-D13S1246-D13S289-D13S260-
population is genetically separated from that of the rest of Italy aB13S1698BRCA2D13S1701-D13S171-D13S267-D13S263-tel
well as from other European populations, due to strong genetigCouch et al, 1996; Vehmanen et al, 183euhausen et al, 1998;
drift. All the monogenic disorders analysed, such as thalassemiarshmed map at http://www.marshmed.org). Polymerase chain
(Pirastu et al, 1987), seem to be associated with a single foundezactions (PCR) were carried out as suggested in the Human
mutation throughout the island. Therefore, it seems possible th@enome Database. PCR products were end-labelled it
such a founder effect could also be identified for a complexdATP and electrophoresed on 6% acrylamide/7M urea sequenc-
disease like cancer. This can be done by tracing back the mutatiorg gels. Alleles, visualized by X-ray autoradiography, were
by linkage disequilibrium with genetic markers which give rise tonumbered according to size for each microsatellite repeat marker.
a shared haplotype among the patients. On this basis, we decided
to analyse th8RCA2gene using the identity-by-descent method,
which allowed the identification of a mutation with founder effect
in Sardinian breast cancer families. Nucleotide sequencing of the entB&RCA2coding regions was
initially performed in two patients with an identical haplotype
belonging to two different families. DNA was amplified with
primers specific foBRCA2exons (sequences and conditions are
reported in the Human Genome Database). PCR products were gel
purified using Qiaquick spin columns (Qiagen) and sequenced by
Collaborating physicians at both the Department of MedicalThermo Sequenas&P-labelled terminator cycle sequencing kit
Oncology and the Institute of Histo-Pathology at Sassar{Amersham Pharmacia Biotech).
University collected seven Sardinian families. Family ascertain-
ment was carried out using the following criteria: (a) families WithMutation screening
at least two affected members in different generations (either a
first-degree relative or relative affected before age 50), or (b) famiA new set of primers (Fd, &5 TGTAACACATTATTACAGTG-3
lies with at least three affected members. Clinical information waand Rv, 5AATTCCTCCTGAATTTTAGTG-3) was generated in
obtained from medical records. order to bracket the region containing the mutation. Amplification

Families were all apparently unrelated and originated fronconditions were: 94 for 5 min, 30 cycles of 9€ for 30 s, 53C
different small villages located in the northern-central part of thdor 30 s, 72C for 1 min and 72C for 10 min. Samples were elec-
island; none of them presented cases of ovarian cancer. Thragephoresed on a 6% denaturing polyacrylamide gel for 2 h and the
families had other forms of cancer (Figure 1). No breast cance2-bp deletion mutation was visualized as the faster migrating frag-
was detected in male members of the pedigrees. Blood sample®ent after silver staining.
were collected from 17 affected (15 breast cancer, one prostate
cancer and one bladder cancer) and 89 unaffected members.

- L RESULTS

Twenty unrelated nuclear families, originating from the same
geographical area with no history of breast cancer, were used Asnong the seven unrelated Sardinian families, 106 members,
controls for the haplotype study. including 15 breast cancer cases, were genotyped with markers

Paraffin-embedded normal tissues were obtained from 27@anking theBRCAZ2locus at 13q12—q13. Pedigrees of all selected
breast cancer patients consecutively collected during 1997. Namilies are shown in Figure 1. The haplotypes generated with
additional selection criteria were used to enrol patients in thenarkers from D13S1246 to D13S1701 showed a pattern that was
screening; all cases were included regardless of age of onsebnstant within each family for all affected members, as indicated
Sardinian origin was ascertained in all cases through genealogidal Figure 1. Four families shared the same haplotype in a 6.5 cM
studies. Informed consent was obtained from each family membeegion from D13S1246 to D13S267. The haplotype shared by
before drawing blood. families 2 and 4 extended over a 15cM interval reaching
D13S263, the most telomeric marker (Figure 1). Interestingly, this
haplotype was not detected in 80 control chromosomes except for
alleles 11 and 2 of D13S171 and D13S267, respectively, found to
DNA was isolated from blood samples using standard methodse in linkage disequilibrium in the general Sardinian population
(Sambrook et al, 1989). DNA extraction from paraffin-embeddeddata not shown and Figure 1).
tissue was performed by a modification of the Jackson et al (1989) Patients I11:18 of family 2 and patient 1ll:6 of family 4 were
procedure. Briefly, single 7- to 8-mm tissue sections, cut fromaffected by bladder and prostate cancer respectively. They shared
paraffin blocks, were stirred for 30 min with 1 ml of xylene in 1.5- the common extended haplotype of breast cancer patients. DNA
ml tubes and centrifuged. The pellet was washed with ethanol, aisamples from other family members with different tumours,
dried and resuspended in lysis solution (0.5% sodium dodecyhcluding prostate, bladder, colorectal, gastric and brain (Figure 1)
sulphate (SDS), 0.5 mg miproteinase K in X TE buffer). After  were unfortunately not available for analysis.
incubation at 37C overnight and inactivation of proteinase K for Two unrelated affected members carrying the common
15 min, DNA was extracted with 1 vol of phenol, phenol-chloro-extended haplotype (patient 111:7 of family 1 and II:2 of family 2;
form and chloroform. The supernatant was precipitated €tG-20 Figure 1) were chosen for direct sequencing oBREA2coding

BRCAZ2 sequence analysis

MATERIALS AND METHODS

Breast cancer patients

DNA analysis
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Table 1 Mutational screening of unselected breast cancer patients.

Patients positive to Additional cancer cases
Age No. of patients 8765delAG in positive families
(age at diagnosis)

<40 42 1(39) 5 breast (1 male), 1 lung

41-60 120 1 (45) 5 breast, 1 lung, 1 liver
1(57) 1 breast, 1 lung, 1 colon

> 60 108 1(69) 2 breast, 1 colon, 1 lung, 1 larynx
1(80) 2 breast, 1 rectum

The 270 consecutively collected patients are grouped according to age at diagnosis. For the five positive cases we indicate the age of onset and the number
and types of cancer present in their families.

region. An AG deletion was found in exon 20 at codon 284&ot shown). Presence of a founder mutation inBRECA2gene
(8765delAG), in both patients (Figure 2). This mutation iswas confirmed by identification of a 2-bp (AG) deletion in exon
predicted to produce a truncated protein at codon 2867. Th20. This mutation is located outside of the OCCR region of the
8765delAG mutation was found in the remaining patients oBRCA2gene, in agreement with ovarian cancer absence in our
family 2 (patients 11:2 and 111:19) and family 1 (patient Ill:11) families. This AG deletion at nucleotide 8765 was already
(Figure 1). Interestingly, in patient I11:19 of family 1 (Figure 1), described as a founder mutation in Yemenite-Jews families (Lerer
who carries a different haplotype (Figure 1) this mutation was noet al, 1998), as well as French-Canadian families (Phelan et al,
detected. After screening the other five families, patient 111:5 0f1996; Tonin et al, 1998). In order to understand if this mutation has
family 6 and patients 111:7, 111:12 and Ill:6 (prostate cancer) of a common ancestral origin we carried out a haplotype analysis of
family 4 as well as patient 111:18 (bladder cancer) of family 2 wereSardinian and French-Canadian families (DNA samples of two
found positive for the presence of 8765delAG mutation ad-rench-Canadian 8765delAG carriers were kindly provided by P
expected from the shared haplotype (Figure 1). Patients frofionin). This study showed that in the two populations the
families 3, 5 and 7 were negative for the 8765delAG mutation8765delAG is associated to different haplotypes (data not shown).
confirming the haplotype results. Altogether this mutation wasThese results support the hypothesis that the 8765delAG mutation
detected in four out of seven families (60%). occurred at least twice in different populations because of its posi-
To investigate the frequency of the 8765delAG mutation, weion in an AG-rich sequence which may be a mutational hot-spot.
analysed 270 paraffin-embedded normal tissues from breast cancefThe 8765delAG mutation was present in all affected individuals
patients coming from the northern-central part of Sardinia. Allwho shared the identical-by-descent haplotype. Unfortunately,
cases were collected regardless of family history and age of onsebme family members were not evaluated for such mutation due to
We found that five out of 270 patients (1.7%) carried this mutatiorindividual refusal to undergo this analysis. Patient I11:19 of family
(Table 1). 1 and breast cancer patients from other families showing a
different haplotype (Figure 1) were found to be negative for the
8765delAG mutation. Family 1 strikingly shows that two sisters
DISCUSSION (patients 111:11 and 111:19) do not have the same genotype: patient
Sardinia has a relatively small, isolated, and genetically homogdH:11, who carries the 8765delAG mutation, seems to have
neous population with a high rate of inbreeding making it ideal foreceived it from the father’s side (because the same mutation is
genetic studies on either monogenic or multifactorial disorderspresent in family member 111:7). For patient 111:19, who does not
Several founder effects have already been demonstrated for morzarry this mutation, we can hypothesize that she either received
genic diseases in this population. Therefore it seemed possible thatother mutation from the mother’s side (in which breast cancer is
founder mutations could also be detected in cancer patientalso present) or she is a phenocopy due to the high heterogenity o
Analysis of family pedigrees over several generations and use tiie genetic and non-genetic factors causing the disease. Actually,
polymorphic markers may identify a common identical-by-descenthe young age of the third-generation relatives and missing geno-
haplotype, in affected individuals. This strategy could helptype data on some family members (i.e. the affected maternal aunt)
restricting the number of cases for mutation screening, avoidingre hindering clarification of this point.
extensive analysis principally when the candidate gene is as largeAs reported in Figure 1, two patients with other tumours
asBRCA2 (bladder carcinoma for patient II1:18 of family 2 and prostate
In the seven breast cancer families with multiple affecteccarcinoma for patient IlI:6 of family 4) shared the same haplotype
members in different generations, selected for our study, clinicakith the breast cancer patients. In these two cases, we also founc
phenotype, absence of ovarian cancer and late age-of-ongbe 8765delAG mutation. The association of other tumours with
suggesteBRCA2as a candidate gene. Genotyping with markersbreast cancer is reported by several authors (Phelan et al, 1996
flanking theBRCA2gene at 13g12-q13 locus identified a large Thorlacius et al, 1996; Serova et al, 1997; Tonin et al, 1998) and is
haplotype in four out of seven families, not found in control chro-confirmed in our families. It would be interesting to carry out a
mosomes from the same geographical area. A few patients frostreening for this mutation in families with familial bladder and
each family were additionally genotyped with markers closelyprostate cancers.
linked to theBRCAlgene at 17g21. We found no differences in The frequency of 8765delAG in Sardinia was subsequently
haplotype frequency between patients and normal controls (dateerified by screening 270 breast cancer patients consecutively

© 2000 Cancer Research Campaign British Journal of Cancer (2000) 82(3), 553-559
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geneity. Indeed, the approach used in our study clearly demon-
strates that in multifactorial diseases like cancer, founder effects
are likely to be detected when the population studied is relatively

small and genetically homogeneous. Identification of prevalent

mutations in such populations could represent an essential pre
requisite for a prevention programme based on DNA analysis.

Affected Unaffected
A C G T A C G T
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