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Germline mutations in BRCA1 and BRCA2 have been predominantly associated with the breast and ovarian cancers. Two
mutations in BRCA1 (185delAG and 5382insC) and one mutation in BRCA2 (6174delT) are common in Ashkenazi Jewish
population. To determine the proportion of these founder mutations, we analyzed DNA samples of 120 Slovak hereditary
breast and/or ovarian cancer (HBOC) suspected families. Two particular exons of BRCA1 (2, 20) and 11N segment of
BRCA2 were screened by single strand conformation polymorphism (SSCP) followed by DNA sequencing of fragments
showing abnormal migration pattern. Mutational analysis revealed that 7 out of 20 (35%) families with detected
BRCA1/BRCA2 pathogenic alteration harbored one of three Jewish mutations: five families with 5382insC, one family with
185delAG and one family with 6174delT. Interestingly, we have noted a very rare phenotype, when 5382insC in BRCA1

co-segregated also with endometrial carcinoma. Similarly to the studies from other countries of Central and Eastern Europe,
the most frequent pathogenic alteration found was 5382insC that accounted for 1/4 of all gene defects detected. Following
the high proportion of Ashkenazi Jewish founder mutations in Slovak HBOC families, a pre-screening for at least 5382insC
mutation in individuals at even moderate risk would be appropriate.
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Breast cancer is one of the most common malignancies af-
fecting women in developed countries with a lifetime risk of
10% [1]. According to the National Cancer Registry of
Slovakia (NCRS), 1827 new cases of breast cancer were di-
agnosed in the year 2001 and they represent the highest pro-
portion of all cancer (17.6%) among Slovak women. Epide-
miological studies also show that breast cancer is the leading
cause of cancer-related mortality with 15.6% of all cancer
deaths. Incidence of this malignity has doubled during the
past 20 years and still showing an increasing trend (data from
NCRS).

Mutations in breast and ovarian cancer susceptibility
genes BRCA1 (MIM 113705) [2] and BRCA2 (MIM 600185)
[3] are found in a high proportion of multiple-case families
with breast or ovarian cancer. A pooled analysis of 22 studies

involving over 8000 breast and ovarian cancer cases
estimates the average cumulative risks in BRCA1-mutation
carriers of 65% (95% confidence interval (CI), 44–78%) for
breast and 39% (95% CI, 18–54%) for ovarian cancer by age
70. The corresponding estimates for BRCA2 were 45% (95%
CI, 31–56%) and 11% (95% CI, 2.4–19%), respectively [4].
It was initially suggested that these two genes would be re-
sponsible for most cases of familiar incidence of breast and
ovarian malignities [2, 3]. But more recent population-based
studies have shown that other candidate genes – CHEK2,
ATM, TP53, PTEN – play a role in early onset of disease
[5, 6].

Although the spectrum of BRCA1/BRCA2 mutations is
very broad in most countries, founder mutations are responsi-
ble for a larger proportion of breast and ovarian cancer cases
within certain inbred communities. The most thoroughly
studied manifestations of the founder effects are among Ash-
kenazi Jewish population, where three common mutations in
BRCA1/BRCA2 are reported. The BRCA1 mutation
185delAG has been found in 0.96–1.14%, the BRCA1 muta-
tion 5382insC in 0.15–0.28% and BRCA2 mutation 6174delT

NEOPLASMA, 53, 2, 2006 97

This work was supported by the Grant 2/3089/23 from the Grant Agency
VEGA and by the project No.2003SP 51 028 08 00/028 08 01 from the Na-
tional program “Use of Cancer Genomics to Improve the Human Population
Health”. S.C. was supported by European Social Fund, project code 131
202000 38.



in 0.62–1.36% of Ashkenazi women [7, 8]. Ashkenazi Jew-
ish population represent the largest proportion of world
Jewry today (82%) and are descendants of German Jews who
migrated to Central and Eastern Europe [9]. Taken together,
these three founder alterations account for 25% of early-on-
set breast cancer, and up to 90% of families with multiple
cases of both breast and ovarian cancer in Ashkenazi popula-
tion [10, 11]. On the other hand, their frequencies in
non-Ashkenazi controls and cancer patients are much lower.
Actually, 6174delT in BRCA2 has not been reported outside
the Jewish population [8, 12, 13].

The aim of this study was to estimate the contribution of
Ashkenazi Jewish founder BRCA1/BRCA2 mutations to the
development of breast and ovarian cancer in our collection of
Slovak families. To this purpose, we performed a mutation
screening of particular exons of BRCA1 and BRCA2 in 120
Slovak HBOC suspected kindreds.

Patients and methods

Collection of HBOC suspected families. The families were
obtained from the National Cancer Institute, The Centre of
the Clinical Genetics of the Faculty Hospital and genetic cen-
ters of the hospitals all over the Slovak Republic. Informed
consent was required prior the testing. The selection criteria
used were at least two cases of breast or ovarian cancer
among first and second-degree relatives from the same an-
cestral lineage or a combination of breast and ovarian cancer
among first-degree relatives. Patients with very early-onset
of breast cancer (under age 35), bilateral breast cancer, fam-
ily history of male breast cancer or breast and ovarian cancer
in the same individual at any age were also included. When
available, index case’s relatives were also tested for muta-
tions identified to determine carrier status.

DNA isolation and PCR amplification. Genomic DNA was
extracted from peripheral blood lymphocytes using QIAamp
DNA blood kit (Qiagen, Hilden, Germany). Exons 2 (258 bp)
and 20 (249 bp) of the BRCA1 gene and exon 11N (536 bp) of
BRCA2 gene were amplified by PCR as described elsewhere
[14, 15]. The PCR assay was conducted in 25-µl reaction vol-

ume including 100–200 ng of genomic DNA, 200 µM
dNTPs, 1 x PCR buffer (Qiagen, Hilden, Germany), 1.5–2.5
mM MgCl2, 1 U of Qiagen®Taq DNA Polymerase (Qiagen,
Hilden, Germany) and 20 pmol of each primer. After an ini-
tial denaturation of 5 min at 94 °C, 30 cycles were performed
with denaturation at 94 °C/1 min, annealing at 60 °C/1 min
and elongation at 72 °C/1 min.

Single strand conformation polymorphism (SSCP) was
used to screen all three particular exons of BRCA1/BRCA2.
Amplified samples were denatured 5 min at 94 °C, then
placed on ice for 5 min and loaded into a 6% polyacrylamide
gel. Electrophoresis was performed under non-denaturing
conditions at 4 °C for 20 hours at 68 V and the gels were con-
sequently visualized by silver-staining.

DNA sequencing. DNA fragments showing abnormal
banding pattern were purified by Exo-SAP-IT kit (USB,
USA). The sequencing reaction was performed using an ap-
propriate SSCP primer set and ABI PRISM Big Dye Termi-
nator Cycle Sequencing Ready Reaction kit (Applied
Biosystems, USA). The extension products were afterwards
purified by Dye ExTM 2.0 Spin columns (Qiagen, Germany)
and analyzed using an ABI PRISM® 3100 Genetic Analyzer
(Applied Biosystems, Foster City, CA, USA). All alterations
were confirmed by sequencing of both DNA strands in two
independent PCR products.

Obtained sequences have been analyzed and compared
with the cDNA of the Human BRCA1 reference sequence: ac-
cession U14680; and the Human BRCA2 reference sequence:
accession U43746; from the NCBI GenBank sequence data-
base.

Results

In this study we have analyzed DNA of 120 Slovak HBOC
suspected kindreds to estimate the proportion of Ashkenazi
Jewish founder BRCA1/BRCA2 mutations. The study group
was composed of 91 (76%) hereditary breast cancer (HBC)
families, 5 (4%) hereditary ovarian cancer (HOC) families
and 24 (20%) families with a family history of both breast
and ovarian malignities. Mutation screening revealed that 7

out of 20 (35%) families with the BRCA1

or BRCA2 pathogenic alteration (data not
presented) carry one of the Jewish
founder mutations. The most frequent
gene defect found was 5382insC in
BRCA1 gene, presented in five families;
whereas 185delAG in BRCA1 and
6174delT in BRCA2 each of them were
identified in one case. In total, 10 healthy
carriers from 26 analyzed family mem-
bers were identified. Example of SSCP
analysis of the family with 5382insC is
shown in Figure 1A. The presence of mu-
tation was indicated by abnormal migra-
tion pattern of 4 family members and con-
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Sequences of primers used for mutation screening [16].

Primer Sequence 5’-3’ Position in gene
*

BRCA1 exon 2 for: 5’GAA GTT GTC ATT TTA TAA ACC TTT 4557–4580

BRCA1 exon 2 rev: 5’ TGT CTT TTC TTC CCT AGT ATG T 4793–4814
**

BRCA1 exon 20 for: 5’ ATA TGA CGT GTC TGC TCC ACC 71518–71538

BRCA1 exon 20 rev: 5’ AAT GAA GCG GCC CAT CTC 71749–71766
**

BRCA2 exon 11 Nfor: 5’ AAC GAA AAT TAT GGC AGG TTG T 24534–24558

BRCA2 exon 11 Nrev: 5’ GCT TTC CAC TTG CTG TAC TAA ATC C 25045–25069
**

*primer position according to the reference sequences of BRCA1 and BRCA2 by NCBI GenBank, ac-
cession numbers L78833 and N000013, respectively; **the reverse complement of the given
BRCA1/2 sequence.



firmed by final sequencing (Fig. 1B). Figure 2A shows an
aberrant SSCP profile of all 3 members of affected family
No. 48, where the BRCA1 mutation 185delAG was identified
(Fig. 2B). The BRCA2 mutation 6174delT in the index case
of family No. 96 was revealed by combination of SSCP anal-
ysis (Fig. 3A) and sequencing (Fig. 3B).

Characteristics of the families with one of three Jewish
founder mutations found, in terms of family history of breast
and/or ovarian cancer, age of onset as well as mutation found
and other types of cancer in family are given in Table 1 [17].
As described, most of them belong to the group of hereditary
breast cancer families. Breast cancer alone was associated
with the mutation in 3 of them (No. 54, No. 70, No. 90), while
family No. 104 was characterized by the presence of 2 pa-

tients with ovarian cancer. Breast, colorectal and endometrial
malignities were presented in the remaining 5382insC kin-
dred (No. 120). Ovarian tumor in addition to breast cancer
was observed in family with BRCA1 mutation 185delAG
(No. 48) and BRCA2 mutation 6174delT in family No. 96
was associated only with breast cancer cases.

Discussion

Only a relatively small amount of data about genetic pre-
disposition to breast and ovarian cancer in Slovak population
has been published so far. To fill at least a part of this gap, we
set out to determine the contribution of three Ashkenazi Jew-
ish founder mutations (185delAG and 5382insC in BRCA1;
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Figure 1. A. Members of family No. 120 screened by SSCP technique for BRCA1 mutation 5382insC in exon 20 (249 bp). Abnormal migration pattern

can be seen in the sample of index case (120-1) and other 3 healthy carriers of analyzed family (120-3, 120-4 and 120-5). B. Sequence analysis of sam-

ples showing altered migration confirmed the presence of 5382insC when compared to the sequence of member with standard SSCP profile (120-2).

Figure 2. A. Members of family No. 48 screened by SSCP technique for BRCA1 mutation 185delAG in exon 2 (258 bp). The arrows indicate the aber-

rant conformations present in all three members of affected family and absent in negative control. B. Sequence analysis of all three members re-

vealed the presence of 185delAG when compared to the sequence of wild-type homozygote.



6174delT in BRCA2) to the development of breast and ovar-
ian cancer in 120 Slovak HBOC suspected families. By using
of standard screening techniques we have identified seven
families carrying one of three particular Jewish mutations.
Members of 5 affected kindreds come from the central part of
Slovakia; next 2 families were originated in western region of
the country.

To date, 10 healthy carriers of Jewish mutations were iden-
tified within the families revealed. ANTONIOU et al [18] esti-

mated the average risk of breast cancer by age 70 for carriers
of the 185delAG, 5382insC and 6174delT mutation as 64%,
67% and 43%, respectively. The corresponding ovarian can-
cer risks were 14%, 33% and 20% for carriers of these muta-
tions. According to such high penetrances, it is very impor-
tant to test as many family members as possible and assign
the asymptomatic carriers to the program of preventive
health care. They should be follow-up to discover any incipi-
ent neoplasia at sites associated with mutations above.
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Figure 3. A. Members of family No. 96 screened by SSCP technique for BRCA2 mutation 6174delT in exon 11, fragment N (536 bp). The abnormal

mobility of single stranded DNA can be seen in the sample of index case (96-1). Bands’ profile of her relative (96-2) and negative control shows no ad-

ditional bands. B. Sequence analysis of index case confirmed the presence of 6174delT when compared to the sequence of family member showing

standard migration pattern.

Table 1. Characteristics of affected families harboring one of three particular Jewish founder mutations. Numbers in parenthesis represent the age

at diagnosis of respective tumors

Proband
ID Tumor type Age of

onset

Disease-associated mutations
Family history

Exon
BRCA1
mutation‡

BRCA2
mutation‡ Change Mutation effect

48-1 Ovarian cancer 53 2 185delAG 39stop Frameshift
Mother: Bilateral breast cancer (50)
Sister: Breast and ovarian cancer (40)
Niece: Breast cancer (26)

54-1 Breast cancer 45 20 5382insC 1829stop Frameshift Mother: Breast cancer (49)
Sister: Breast cancer (45)

70-1 Breast cancer 41 20 5382insC 1829stop Frameshift Mother: Breast cancer (40)
Sister: Breast cancer (33)

90-1 Breast cancer 46 20 5382insC 1829stop Frameshift Mother: Breast cancer (56)
Sister: Breast cancer (42)

96-1 Breast cancer 56 11 6174delT 2003stop Frameshift 2 sisters: Breast cancer (33–68)
2 aunts: Breast cancer

104-1 Ovarian cancer 47 20 5382insC 1829stop Frameshift Sister: Ovarian cancer (43)

120-1 Breast cancer 47 20 5382insC 1829stop Frameshift

Mother: Bilateral breast cancer (43)
Endometrial carcinoma (49)

Aunt: Endometrial carcinoma (50)
Father: Colorectal cancer (53)

‡ nomenclature is according BEAUDT and TSUI [17].



The studies on genotype-phenotype correlations showed
that pathogenic variants located in first 2/3 of BRCA1 gene
were common in families with occurrence of both breast and
ovarian cancer, while mutations close to 3’ end were associ-
ated mainly with breast cancer in family history [19, 20]. Our
results confirmed this trend in most cases (Tab. 1). The ex-
emption represents the family No. 104 with 5382insC, char-
acterized just with two ovarian cancer cases. When we look
at the spectrum of malignities in families detected, the most
diverse cancer phenotype can be seen in family No. 120
(Tab. 1). Here, 5382insC in BRCA1 co-segregates also with
endometrial carcinoma. Rarely, endometrial tumors have
been distinguished in BRCA mutation carriers through iso-
lated cases or in small case series only. The first evidence of
an association between this BRCA1 insertion and endo-
metrial carcinoma was described by HORNREICH et al [21].
They observed two sisters harboring 5382insC; one sister
was diagnosed with a papillary serous carcinoma of
endometrium and the other with a papillary serous ovarian
carcinoma. The patients were of Ashkenazi Jewish descent
and their family history included breast, ovarian and colon
cancer. LEVINE et al [22] genotyped 199 consecutive Ashke-
nazi Jewish patients with endometrial carcinoma for the pres-
ence of three BRCA founder mutations. Screening of this co-
hort revealed the mutation in 3 of 199 (1.5%) patients,
compared to a frequency of 2.0% in this population generally.
None of the tumors were associated with 5382insC. These
data and also larger study reported by GOSHEN et al [23] indi-
cate that occurrence of endometrial carcinoma does not ap-
pear to be elevated in the BRCA mutation carriers.

The variation in the population dynamics of BRCA1 and
BRCA2 can be seen in different countries, reflecting the histor-
ical influences of migration, cultural and geographical isola-
tion. Most of the Slovak population is of Caucasian origin, but
there exist a significant influx of other nations during the past
centuries. Before the World War II, approximately 138 000
Jewish citizens were living in the Slovak part of the Czecho-
slovakia. But holocaust and subsequent emigration waves di-
minished the current Jewish population in Slovak Republic to
3000–5000 (www.holokaust.sk). In spite of mentioned facts, it
become interesting that more then 1/3 of all BRCA1/BRCA2

mutations detected in Slovak HBOC suspected families are of
Ashkenazi Jewish origin. On the other hand, it needs to be
mentioned that BRCA1 mutation 5382insC occurs very fre-
quently even in other Central and Eastern European countries
(Czech Republic, Poland, Hungary, Russia, Austria), as well
[24–28]. In contrast to these findings, analyses of patients
from Scandinavian area, Belgium, Netherlands and Great Brit-
ain have noted the absence or rather very small frequencies of
presented sequence variation [29].

Following the high proportion of Ashkenazi Jewish
founder mutations in Slovak HBOC families, a pre-screening
for these pathogenic alterations, or at least 5382insC muta-
tion, in individuals at even moderate risk could enable rapid
detection of cancer predisposition. In addition, more infor-

mation about patient’s ancestry may also reduce time and
cost of mutational analysis and bring the profit for tested
members of affected family.

We would like to acknowledge all the medical geneticists and cli-
nicians from whole Slovakia for the recruitment of patients for ge-
netic analysis, especially Dr. ILENČÍKOVÁ, PhD. and Dr. BELLA,
PhD. from National Cancer Institute, Bratislava.
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