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Usefulness of polymorphic markers in exclusion
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Abstract. Founder mutations can account for a large proportion of BRCA1/BRCA2
gene abnormalities in a given population. However there is still a need to study the entire gene in many families, even in countries where founder mutations have been identified. It is possible to decrease the number of cases which are studied by complex
and expensive sequencing/Southern blot analyses of BRCA1/BRCA2 genes by exclusion of common BRCA1/BRCA2 alleles in a given family by using polymorphic
dinucleotide markers. The goal of our study was to assess the effectiveness of this
method in exclusion of BRCA1/BRCA2 constitutional mutations. In each family, blood
samples for genetic analyses were taken from two affected relatives from the same generation. Six polymorphic microsatellite markers linked to BRCA1/BRCA2 genes were
analysed. Results obtained with these markers were verified by applying BRCA1 testing for the most common founder mutations in Poland and using “exon by exon” sequencing of coding fragments of the BRCA2 gene. Polymorphic markers useful
in BRCA1/BRCA2 analyses included only 3 of 6 examined – D17S855, D13S260
and D13S267. Occurrence of common alleles of BRCA1 was excluded in 3 families
and BRCA2 in 5 out of 30 families. Results obtained by testing for BRCA1 Polish
founder mutations and BRCA2 sequencing were in agreement with BRCA1 findings
based on polymorphic markers. The only exception was family 994 with BRCA1 exon 5
300T/G mutation, in which BRCA1 mutation carrier was excluded by using D17S855.
Among 14 families without BRCA1 Polish founder mutations in this gene were excluded in 2 families and BRCA2 mutation was excluded in one family.
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The first major breast cancer and ovarian cancer susceptibility gene, BRCA1, was
identified in 1994 (MIKI et al. 1994). BRCA1 (MIM # 113705) is a putative tumor
suppresser gene located on chromosome 17q21 that has been implicated in DNA
repair recognition (NEWMAN et al. 1988, HALL et al. 1990, CLAUS et al. 1991,
NAROD et al. 1991, MIKI et al. 1994, SCULLY et al. 1999). Mutations inactivating
BRCA1 are responsible for tumors in 40-50% of familial site-specific breast cancers and in 80-90% of breast/ovarian cancer syndrome cases (EASTON et al. 1993,
FORD et al. 1994).
BRCA1 gene is composed of 22 coding exons distributed over approximately
100 kbp of the genomic DNA with a transcript of 7.8 kb in length, encoding a 1863
amino acid protein (MIKI et al. 1994). In some ethnic or geographically isolated
groups, BRCA1 founder mutations have been described (STRUEWING et al.1995,
TONIN et al. 1995, SZABO, KING 1997, GÓRSKI et al. 2000).
The second breast and/or ovarian susceptibility gene, BRCA2, was cloned in
late 1995. The BRCA2 gene is spread over 80 kbp of genomic DNA and consists
of 11,385 bp coding seqence distributed over 27 exons. The gene encodes a protein of 3,418 amino acids (WOOSTER et al. 1995). Mutations in the BRCA2 gene
have been found mainly in families with high incidence of female as well as male
breast cancers. Mutations are spread over the whole gene, of which the majority
consist of small deletions that cause reading frameshifts and premature stop
codons (WOOSTER et al. 1995, COUCH et al. 1996).
Founder mutations can account for a large proportion of BRCA1/2 gene abnormalities in a given population. However, there still remains a need to study the entire gene in many families, even in countries where founder mutations have been
identified. It is possible to decrease the number of cases that are studied by complex and expensive sequencing/Southern blot analyses of BRCA1/BRCA2 genes
by exclusion of common BRCA1/BRCA2 alleles in a given family by using polymorphic dinucleotide markers. The goal of our study was to assess the effectiveness of this method in exclusion of BRCA1/BRCA2 constitutional mutations.
The study group consisted of 30 Polish families with at least 3 relatives affected by either breast or ovarian cancers, who were drawn from the Hereditary
Cancer Center in Szczecin .
In each family, blood samples for genetic analyses were taken from two affected relatives from the same generation. Genomic DNA was prepared from peripheral blood leukocytes by use of the nonenzymatic, rapid method (LAHIRI,
SCHNABEL 1993).
DNA samples were investigated for exclusion of the BRCA1/2 allele by using
6 microsatellite markers for PCR amplification. For the BRCA1 locus, polymorphic microsatellite markers used were: D17S1322, D17S1323, D17S855.
For analysis of the BRCA2 genetic locus the microsatellite markers D13S170,
D13S260, D13S267 were used. Primers included in the Genome Database
(gdbwww.gdb.org) were used with a fluorescent tag (6-Fam ) attached at the 5’
end of the antisense primer.
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Results obtained with polymorphic markers were verified by applying BRCA1
testing for the most common founder mutations in Poland (GÓRSKI et al. 2000)
and using “exon by exon” sequencing of coding fragments of the BRCA2 gene.
Occurrence of common alleles of the BRCA1 gene was excluded in 3 families –
994, 3865 and 4628. The only useful marker was D17S855. No case was excluded
by two other markers: D17S1322 and D17S1323.
Occurrence of common alleles of the BRCA2 gene was excluded in 5 families – 126, 569, 1279 , 1759 and 2710. BRCA2 was excluded by D13S260 in families 126 and 569 and by D13S267 in families 1279, 1759 and 2710. No case was
excluded by using D13S171.
It was possible to exclude neither BRCA1 nor BRCA2 in 22 families.
Results obtained by testing for Polish BRCA1 founder mutations and BRCA2
sequencing were in agreement with findings based on polymorphic markers.
The only exception was family 994 in which the BRCA1 mutation carrier status
was excluded by using D17S855 but BRCA1 testing made it possible to detect
exon 5 300T/G mutation.
Among 14 families without BRCA1, Polish founder mutations in this gene
were excluded in 2 families – 3865 and 4628, and the BRCA2 mutation was excluded in one family – 569.
A few years ago the search for BRCA1/BRCA2 mutations in families with aggregation of breast/ovarian cancers was time-consuming, laborious and thus expensive, because sequencing and Southern blot analyses had to be performed
and both of above genes are large. Recently, in several countries founder mutations have been identified. This simplified BRCA1/BRCA2 testing. In our series
of 30 families selected for studies with samples available from 2 affected women
from one generation, it was possible to detect BRCA1 founder mutations characteristic for Poland in 16 (54%) cases. In studies performed on 200 Polish families
with at least 3 relatives affected by breast/ovarian cancer we found common Polish BRCA1 founder mutations in around 60% of cases (data not shown). It seems
that analysis of 3 mutations (300T/G, 4153 del A and 5382 ins C) enables detection of BRCA1 abnormalities in Poland with sensitivity achieving 80-90 %. Up to
now no Polish BRCA2 founder mutation has been identified. Therefore, in around
30-40 % of families we have to perform complete BRCA1/BRCA2 sequencing.
Herein, we showed that it is justified to precede such sequencing by analyses
of at least two relatives with the use of polymorphic markers. In 3 of 14 families
without BRCA1 founder effect, simple analysis of polymorphism allowed to exclude one gene from further analysis. Judging by our experience, situations when
two affected sisters or cousins or proband plus affected aunt are alive and additionally peripheral blood from both of them can be taken, are rare. However, it is
usually possible to achieve paraffin blocks from which DNA useful for analyses
of polymorphisms can be easily extracted.
Cost reduction achieved by application of polymorphic markers is probably at
the level of 10-20 %. This amount is not significantly high.
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In our opinion, due to the limited amount of resources that can be spent on routine medical diagnostic procedures, it is justified to overcome some inconveniences related to search for paraffin blocks from affected relatives, because
of lowering the number of cases which we to be studied by sequencing and Southern RFLP analyses.
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