
Abstract. Sixty-four Polish families with a history of breast
and/or ovarian cancer were screened for mutations in the
BRCA1/2 genes using a combination of denaturing high
performance liquid chromatography (DHPLC) and sequencing.
Two thirds (43/64; 67%) of the families were found to carry
deleterious mutations, of which the most frequent were
BRCA1 5382insC (n=22/43; 51%) and Cys61Gly (n=9/43;
20%). Two other recurrent mutations were BRCA1 185delAG
(n=3) and 3819del5 (n=4), together accounting for 16% of
the 43 mutation-positive cases. We also found three novel
mutations (BRCA1 2991del5, BRCA2 6238ins2del21 and
8876delC) which combined with findings from our earlier
study of 60 Northern Polish families. Moreover, screening of
43 BRCA1/2 negative families for the presence of large
rearrangements by multiplex ligation-dependent probe
amplification (MLPA) resulted in the finding of two additional
BRCA1 mutations: a deletion of exons 1A, 1B and 2, and a
deletion of exons 17-19, both present in single families. We
conclude that the Polish population has a diverse mutation
spectrum influenced by strong founder effects. However,
families with strong breast/ovarian cancer history who are
negative for these common mutations should be offered a
complete BRCA gene screening, including MLPA analysis.

Introduction

About 5-10% of all breast cancer cases are associated with a
strong genetic predisposition and highly penetrant autosomal

dominant trait. Two major breast cancer susceptibility genes,
BRCA1 and BRCA2, have been identified. To date, more than
3000 different sequence variants have been described in these
genes. Many of them are disease-associated, but also included
are unclassified variants and polymorphisms (1). The majority
of deleterious mutations are frame-shift or nonsense mutations
that result in premature translation termination and are local-
ised throughout the genes, but splice-site mutations as well as
single amino acid substitutions (missense mutations) in
functionally important and well-defined domains also occur.
Traditionally, mutation screening entails the use of methods
such as the protein truncation test, denaturing high performance
liquid chromatography (DHPLC), single strand conformational
polymorphism analysis, as well as direct sequencing of the
coding and short flanking intronic regions to pinpoint the
mutation. One of the shortcomings of this traditional approach
is that large rearrangements may be overlooked. Indeed, it
has been suggested that as much as 30% of mutations in the
BRCA1 gene are missed by standard mutation detection
methods (2). Consequently, a proportion of the families that
initially test negative for BRCA1 and BRCA2 mutations
are likely to harbour cryptic mutations undetectable by
conventional PCR-based methods.

The aim of this study was to evaluate the prevalence and
spectrum of BRCA1/2 point mutations and large deletions/
duplications in breast cancer families from Northern Poland.
Our additional aim was to elaborate the genetic testing strategy
for Polish breast and/or ovarian cancer families.

Materials and methods

The study comprises 124 families with clustering of breast
and/or ovarian cancer who were referred to our department for
oncogenetic counselling between 1999 and 2004 and who met
one of the following criteria: i) three first or second degree
relatives (from one parental side of the family) with breast or
ovarian cancer diagnosed at any age; ii) two affected family
members with breast or ovarian cancer with at least one of
the cancers diagnosed before the age of 50, or one male breast
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Table 1. BRCA1 and BRCA2 mutations identified in 64 breast cancer families from Northern Poland.
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 

Nomenclature HGV

comonly used nomenclature [22]
––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––

Exon Nucleotide Nucleotide Mutation Mutation Proband Family Family
No. no. change Effect changea Effect typeb status status (age)c type no.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
BRCA1

1. 2 185delAG ter 39 c.68_69delAG p.E23fsX18 F Founder BC (51) BC/OC 663

OC (51)

2. 2 185delAG ter 39 c.68_69delAG p.E23fsX18 F Founder OC (52) BC/OC 779

3. 2 185delAG ter 39 c.68_69delAG p.E23fsX18 F Founder BC (43) BC/OC 681

OC (50)

4. 5 300T>G Cys61Gly c.181T>G p.C61G M Founder BC (32) BC 671

5. 5 300T>G Cys61Gly c.181T>G p.C61G M Founder OC (43) BC/OC 696

6. 5 300T>G Cys61Gly c.181T>G p.C61G M Founder BC (37) BC/OC 906

OC (44)

7. 5 300T>G Cys61Gly c.181T>G p.C61G M Founder BC (43) BC/OC 1017

OC (55)

8. 5 300T>G Cys61Gly c.181T>G p.C61G M Founder BC (39) BC 1058

9. 5 300T>G Cys61Gly c.181T>G p.C61G M Founder OC (54) BC/OC 1145

10. 5 300T>G Cys61Gly c.181T>G p.C61G M Founder BC (48) BC 1267

11. 5 300T>G Cys61Gly c.181T>G p.C61G M Founder BC (38) BC/OC 1280

BC (43)

OC (47)

12. 5 300T>G Cys61Gly c.181T>G p.C61G M Founder BC (52) BC/OC 1764

13. 11 2991del5 ter 969 c.2872_2876del5 p.F958_R959delinsRfsX12 F Novel BC (37) BC/OC 1064

OC (43)

14. 11 3819del5 ter 1242 c.3700_3704del5 p.V1234_N1235delinsQfsX9 F Recurrent UA BC 705

15. 11 3819del5 ter 1242 c.3700_3704del5 p.V1234_N1235delinsQfsX9 F Recurrent UA BC 1150

16. 11 3819del5 ter 1242 c.3700_3704del5 p.V1234_N1235delinsQfsX9 F Recurrent UA BC 1262

17. 11 3819del5 ter 1242 c.3700_3704del5 p.V1234_N1235delinsQfsX9 F Recurrent OC (47) BC/OC 1763

18. 11 3936C>T Gln1273Stop c.3817C>T p.G1273X N BIC (2)d UA BC 1522

19. 20 5382insC ter 1829 c.5266dupC p.Q1756fsX74 F Founder OC (49) BC/OC 673

20. 20 5382insC ter 1829 c.5266dupC p.Q1756fsX74 F Founder OC (58) BC/OC 718

21. 20 5382insC ter 1829 c.5266dupC p.Q1756fsX74 F Founder BC (53) BC/OC 723

OC (53)

22. 20 5382insC ter 1829 c.5266dupC p.Q1756fsX74 F Founder OC (48) BC/OC 734

23. 20 5382insC ter 1829 c.5266dupC p.Q1756fsX74 F Founder OC (51) BC/OC 782

24. 20 5382insC ter 1829 c.5266dupC p.Q1756fsX74 F Founder BC (43) BC 819

25. 20 5382insC ter 1829 c.5266dupC p.Q1756fsX74 F Founder BC (48) BC 839

26. 20 5382insC ter 1829 c.5266dupC p.Q1756fsX74 F Founder OC (47) BC/OC 876

27. 20 5382insC ter 1829 c.5266dupC p.Q1756fsX74 F Founder BC (48) BC/OC 903

OC (56)

28. 20 5382insC ter 1829 c.5266dupC p.Q1756fsX74 F Founder BC (49) BC/OC 908

OC (51)

29. 20 5382insC ter 1829 c.5266dupC p.Q1756fsX74 F Founder BC (50) BC/OC 910

OC (51)

30. 20 5382insC ter 1829 c.5266dupC p.Q1756fsX74 F Founder BC (49) BC/OC 949

OC (46)

31. 20 5382insC ter 1829 c.5266dupC p.Q1756fsX74 F Founder OC (44) BC/OC 973

32. 20 5382insC ter 1829 c.5266dupC p.Q1756fsX74 F Founder BC (40) BC 990

33. 20 5382insC ter 1829 c.5266dupC p.Q1756fsX74 F Founder BC (47) BC 1004

BC (66)

34. 20 5382insC ter 1829 c.5266dupC p.Q1756fsX74 F Founder BC (45) BC 1131
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cancer; iii) one family member affected with both breast and
ovarian cancer.

Of the 124 breast/ovarian cancer families found so far, 80
are site-specific breast cancer families, two including male
breast cancer, 41 are breast/ovarian cancer families and three
are site-specific ovarian cancer families. The average age at
diagnosis of breast cancer was 47 years (range 27-70) and of
ovarian cancer 47 (29-73) years, respectively.

Out of the 124 families, 60 were previously screened for
mutations in BRCA1/2 genes (3). Here, we present the results
of BRCA1/2 mutation screening in the 64 most recently
sampled patients, and also the results of large rearrangements
testing in a group of 43 BRCA1/2-negative families selected
from the combined set of 124 families.

Samples. DNA was extracted from the whole blood. Red
blood cells were lysed by red blood cell lysis buffer. The
leucocytes were isolated and then digested by adding 5 ml
of 75mM NaCl/1mM EDTA buffer, 500 ml of 10% SDS and
12 ml of 20 mg/ml proteinase K to this solution. DNA was
extracted by standard phenol-chloroform procedures.

Screening for BRCA1 and BRCA2 germline point mutations.
In the 64 new breast/ovarian cancer families, the complete

coding sequence of BRCA1 and BRCA2, including splice
junctions, was amplified by PCR. Exon 11 of the BRCA1
gene was divided into 13 fragments. Similarly, exons 10 and
11 of the BRCA2 gene were divided into 5 and 19 fragments,
respectively.

Mutational analysis was carried out by pre-screening
using the DHPLC technique (WAVE DNA Fragment Analysis
System, Transgenomic Inc., San Jose, CA, USA). Fragments
showing elution profiles distinct from those of the wild-type
samples were subsequently sequenced to determine the exact
sequence alterations. More information on screening protocols,
including the choice of primers, can be obtained from the
corresponding author upon request.

MLPA analysis. Of the 124 families from the combined
series, 65 tested negative according to our conventional
BRCA1/2 screening. Forty-three of the 65, manifesting
strong breast and/or ovarian cancer family history, were
eligible for extended screening. Multiplex Ligation-dependent
PCR Amplification (MLPA) was carried out using the
following kits: P002_BRCA1, P045_BRCA2, complemented
by P087_BRCA1 to confirm different peak patterns of
P002_BRCA1 (MRC Holland, The Netherlands). The MLPA
reaction was performed as instructed by the manufacturer.
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Table 1. Continued. 
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 

Nomenclature HGV

comonly used nomenclature [22]
––––––––––––––––––––– ––––––––––––––––––––––––––––––––––

Exon Nucleotide Nucleotide Mutation Mutation Proband Family Family
No. no. change Effect changea Effect typeb status status (age)c type no.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
35. 20 5382insC ter 1829 c.5266dupC p.Q1756fsX74 F Founder BC (26) BC 1154

36. 20 5382insC ter 1829 c.5266dupC p.Q1756fsX74 F Founder BC (33) BC 1197

37. 20 5382insC ter 1829 c.5266dupC p.Q1756fsX74 F Founder UA BC 1250

38. 20 5382insC ter 1829 c.5266dupC p.Q1756fsX74 F Founder BC (33) BC 1306

39. 20 5382insC ter 1829 c.5266dupC p.Q1756fsX74 F Founder UA BC/OC 1637

BRCA2

40. 11 6238ins2del21 ter 2033 c.6010_6030delins p.E2004_V2010del F Novel BC (42) BC 703

TT insfsX36

41. 21 8876delC ter 2890 c.8648delC p.P2883fsX8 F Novel BC (40) BC 832

42. 27 10323delCins11 ter 3369 c.10095delCins11 p.V3365fsX5 UV Recurrent OC (54) BC/OC 21

43. 27 10323delCins11 ter 3369 c.10095delCins11 p.V3365fsX5 UV Recurrent OC(51) BC/OC 907

Large rearrangements

44. 1A del1A-2 c.-184-?_80+?del p.0? F Novel? BC (39) BC Si-18

1B

2

45. 17 del17-19 c.4987-?_5193+?del p.M1663_E1731del F Novel? BC (33) BC 1006

18 BC (41)

19 CC (50)
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
aNucleotide +1 is the A of the translation initiation codon. bF, frameshift; M, missense; N, nonsense. cBC, breast cancer; CC, colon cancer; OC, ovarian
cancer; UA, unaffected; UV, unknown variant. dReported in BIC twice. Break points not determined; result confirmed by SALSA P087.
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
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Fragment analysis was carried out on the ABI PRISM® 310
Genetic Analyzer (Applied Biosystems, USA) using TAMRA-
500 (Applied Biosystems) as a size standard. A peak pattern
was characteristic for each of the mentioned MLPA kits.

For statistical analysis, the raw data of each individual
exon peak area were transferred to an Excel data sheet
(Microsoft, Redmond, USA). All exons were normalised by
dividing each peak area by the combined area of all the peaks
in the sample (relative peak area, RPA). Samples with
standard deviation above 15% were excluded from further
statistical analysis and MLPA reaction was repeated. RPA
ratios of individual exons were compared to the average
results obtained on all samples. Results were considered
indicative of exon(s) deletion when the RPA for that probe
amplification product was reduced to 35-50%, and indicative
of duplication by the increase of RPA to above 135-150%.

Results

In the 64 new families we found 43 mutations (67%) (Table 1).
In accordance with our previous study, the most frequent
mutations were BRCA1 5382insC (found in 22 of the 43
BRCA families; 51%) and Cys61Gly (9/43; 20%). Other
identified recurrent mutations were 185delAG (n=3; 7%) and
3819del5 (n=4; 9%). Apart from these mutations, six different
pathogenic sequence alterations, each in single families, and
two unknown deleterious variants in BRCA2 gene were found
(Table 1).

The novel BRCA1 2991del5 mutation was identified in a
breast/ovarian cancer family (no. 1064) in which the index case
was affected by both breast cancer (at the age of 37 years) and
ovarian cancer (43 years). The mutation is located in exon 11
and results in premature termination (stop codon in position
969). The novel BRCA2 6238ins2del21 mutation was iden-
tified in a site-specific breast cancer family (no. 703) where the
index (diagnosed at the age of 42 years), her mother (40) and
her maternal aunt (42) were all affected by breast cancer
(Fig. 1). Another BRCA2 mutation (8876delC) was identified
in a breast/ovarian cancer family (no. 832) which included
three breast cancer cases affected at the age of ~40 years and
one ovarian cancer case diagnosed at 66 years.

The unknown variant 10323delCins11, which was iden-
tified in two breast/ovarian families (nos. 21 and 907), results
in premature termination of translation at position 3369 in
the very carboxy terminal of BRCA2. Both index cases
were affected by ovarian cancer, at the ages of 54 and 51,
respectively. In both families, there was a strong genetic
background of the disease including, in one case, male breast
cancer (Fig 2). Sampling of other affected family members
for segregation analysis was not possible.

Finally, MLPA analysis showed two large rearrangements
within the BRCA1 gene. In one family (Si-18), abnormal RPA
ratio was detected for exons 1A (60%), 1B (60%) and 2 (66%),
indicative of a large deletion of these exons. In the second
family (no. 1006), abnormal RPA ratio was detected for exons
17 (35%), 18 (33%) and 19 (36%), suggestive of a deletion
of these three exons (Fig. 3A). Both results were confirmed
with another SALSA Kit - P087 (Fig. 3B). Because of the
lack of material from these patients, it was not possibile to
perform breakpoint analysis.

Discussion

The present study of 64 breast and/or ovarian cancer families
demonstrates an unusually high frequency (43/64, 67%) of
confirmed or suspected deleterious BRCA1/2 mutations. This
is higher compared to previous studies performed on Polish
families (range 32-53%) (3-7) and may be caused by differ-
ences in family inclusion criteria, screening method strategy
or sensitivity, or just by random variation in small materials.
The mutation frequency in our combined material is 48%
(59/124), which is still very high and approaches findings in

RATAJSKA et al:  BRCA1 AND BRCA2 MUTATIONS ANALYSIS266

Figure 1. (A) Pedigree of family no. 703 carrying the novel BRCA2
6238ins2del21 mutation. �, proband; brca, breast cancer; brca bil, bilateral
breast cancer; (42), age at diagnosis; /, dead. (B) Schematic representation
of the fragment of BRCA2 gene which is deleted.

Figure 2. Pedigree of family no. 21 carrying the BRCA2 10323delCins11
unknown variant. �, proband; (54), age at diagnosis; /, dead.

B

A
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other populations with strong founder effects, such as Iceland
and Norway (8,9).

We confirm the dominance of two global BRCA1 founder
mutations (5382insC, Cys61Gly), which account for more
than 70% of all mutations identified in this series. This is
largely in agreement with our previous study and with other
investigations performed with Polish families (3-7). Moreover,
by adding two other recurring BRCA1 mutations (185delAG
and 3819del5), the vast majority (87%) of mutation-positive
families in our material is encompassed by this foursome. We
have now described a total of 15 distinct mutations in our
material and emphasise our previous conclusions, that the
mutation spectrum in Northern Poland is as diverse as in other
populations and more dispersed than previously suggested (4).

An unclassified variant (10323delCins11 in BRCA2),
reported several times in BIC, was identified in two of our
patients, both negative for other point mutations in BRCA1
and BRCA2 genes and for large rearrangements. This variant
is predicted to introduce a stop codon in position 3369,

truncating the BRCA2 protein by merely 49 amino acids and
positioned even closer to the carboxy terminus than a
previously described common variant and suggested poly-
morphic stop codon, Lys3326Stop (10). It has been implied
that the C-terminal of the BRCA2 protein is functionally
dispensable and that truncating mutations in the 3'-end of
BRCA2 should be carefully interpreted and not used for
predictive testing. However, this was recently challenged by
findings indicating a possibly higher risk of pancreas cancer
in K3326X carriers (11), and also by the pedigrees of the
present two 10323delCins11 families. The presence of male
breast cancer in one of these families substantiates a BRCA2
background for the disease. Based on this observation, we
propose that 10323delCins11 should be regarded as possibly
functionally damaging and further scrutinised by segregation
and population analysis before being introduced to onco-
genetic counselling.

This study is the first to describe the presence of large
BRCA1 rearrangements in Polish families. The past few years
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Figure 3. Electropherograms in normal and abnormal samples. (A) MLPA Kit - SALSA P002; (B) MLPA Kit - SALSA P087. Samples are compared to
controls. Each peak represents one BRCA1 exon. Note the decreased peak heights of exons 1A, 1B, 2 and 17, 18, 19 in Figs. 3A and B, respectively, as
compared to the controls.

A

B
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have brought great advances in understanding the mechanisms,
besides point mutations, leading to the inactivation of BRCA1
and BRCA2 (12). The first reported large BRCA1 rearrange-
ment was found in an American family (13). Since then, many
groups have searched for large deletions and duplications
among patients who were previously found to be negative for
BRCA1/2 point mutations. This strategy has resulted in an
ever-growing number of identified rearrangements, the vast
majority affecting BRCA1 (14-17). The frequencies of such
alterations vary between populations and may account for as
much as 30-36% of all BRCA1 mutations, as reported in Dutch
and Italian populations (18,19). 

Here, we demonstrate two presumably novel large BRCA1
deletions in 2 of 43 previously BRCA mutation-negative
families. One affects the 5'-end of BRCA1, covering exons 1A,
1B and 2, and extends for a still unknown distance into the
promoter region and possibly the pseudogene ψBRCA1
located 28 kb upstream of BRCA1 (20). The second deletion
spans BRCA1 exons 17-19, covering a genomic region of
approximately 11 kb as confirmed by diagnostic primers
(Forward: 5'-TATGTATCTCCCTAATGACTAAGAC-3',
Reverse: 5'-GGAGCAGACACGTCATATTTAAGG-3'). A
similar frequency (3%) was observed in the German population
(16), implying that although large BRCA1 rearrangements
characterise familial breast cancer in Poland and its geo-
graphical vicinity as well, there is probably no strong founder
effect for such mutations in our population.

Given the strong founder effect but still diverse spectrum of
BRCA1/2 mutations in our region, we postulate the following
testing strategy for breast cancer families from Poland: Stage 1,
screening for the presence of BRCA1 founder and frequently
recurrent mutations. Stage 2, for negative patients with a strong
family history, screening of the complete coding sequence of
BRCA1 and BRCA2. Stage 3, if point mutations are excluded,
continued screening for large rearrangements in BRCA1 and
BRCA2. Due to the heterogeneity of our population, limiting
genetic testing to the most common BRCA1/2 founder
mutations will result in some BRCA positive families being
missed. Our results indicate the necessity for extended analysis
among patients negative for BRCA1/2 founder mutations.
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