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Abstract Identification of mutations in the BRCA2 gene
and estimation of their clinical consequences for women
and men treated in the Maria Sklodowska-Curie Memorial
Cancer Center Warsaw, Poland in the years 1998-2008.
The probands (97 women and 8 men) had a family history
of breast and ovarian cancer (median age 46). The presence
of molecular changes was examined in DNA isolated from
peripheral blood lymphocytes. Germline mutations in 27
exons of the BRCA2 gene were screened by ‘touchdown’
PCR amplification, DHPLC and sequencing. Missense
mutations were classified by multiple-sequences align-
ments of orthologous BRCA2 protein sequences with T-
Coffee software. 39 molecular changes (8 novel) were
identified in the BRCA2 gene in 105 investigated patients.
In 12 patients the following pathogenic mutations were
identified: 5467insT, 6174delT, 6192delAT, 6675delTA,
8141dels, 9152delT, 9326insA, 9631delC, IVS23-2A > G
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and E394X. The presence of 10 missense type mutations
was detected including the following: D14200, T1915 M,
N31241. The determination of pathogenic status of
molecular variants detected in BRCA2 gene, described in
the BIC mutation database as ‘UV’ depends on many
parameters. Important is the assessment of the evolutionary
conservation of their protein sequences and studying of the
frequency of molecular variants detected in breast cancer
patients and in population. A high diversity was found of
the pathogenic mutations detected in BRCA2 gene in the
Polish population.
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Introduction

Germline mutations in BRCA2 gene located in 13q12-13
chromosome are connected with 45-85% risk of breast
cancer development and 11-27% risk of ovarian and pan-
creatic cancers occurrence [1-3]. BRCA2 is a nuclear
protein containing 3,418 amino acids, which works toge-
ther with RADS1 protein. Both proteins are very important
for homologous recombination, DNA repair and genome
stability preservation. BRCA2 protein cooperates with
RADS]1 through the region containing eight strongly con-
served BRC repeats in its middle region, a helical domain
HD and three oligonucleotid domains OB, and also two
nuclear localization signal (NLS) domains located in the C-
terminal region of BRCA2 protein [4] (Fig. 1). The OB
domains form a linear and elongated structure, however the
greatest alfa-helical domain OB2 forms a protruding region
described as ‘the tower’ [5]. The presence of normal
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Fig. 1 Structural scheme of BRCA2 gene with location of pathogenic
mutations and missense mutations, the frequency of which was
studied in healthy population. BRC REPEATS—S8 BRC repeats.
HD—helical domain. OB1, OB2, OB3—oligo-nucleotide domains
OB. NLS—nuclear localization signal

BRCA?2 protein influences cellular processes i.e. mainte-
nance of genome stability and regulation of transcription
activity. Deletions, nucleotide insertions, and nonsense
mutations, which are the cause of translation termination
and synthesis of a truncated protein, undoubtedly demon-
strate the pathogenic effect that accompanies breast cancer
development.

The studies published as yet suggest that most hereditary
breast and ovarian cancers are caused by mutations in
BRCAI gene, however BRCA2 gene mutations are the
cause of breast cancer in males [6]. Forty-three percent of
all mutations detected in BRCA2 gene, excluding common
polymorphisms, cause no synthesis of abnormal protein.
Those changes include mainly missense mutations identi-
fied in 13% of women with breast cancer, described as
‘unclassified variants’; i.e. their biological effect has not
been elucidated yet [7]. The so-called “UVs” changes
constitute a significant problem in the interpretation of the
degree of their pathogenicity and possible influence on
malignant process [8, 9].

Thompson et al. [10] reported that mutations in exon 11
of BRCA2 gene significantly increased the risk of ovarian
cancer development. That fragment bordered on its sides
by nucleotides in 3,035-6,629 position has been regarded
as particularly predisposing to ovarian cancer development,
describing it as ‘ovarian cancer cluster region’.

The aim of our study was an assessment of the spectrum
of BRCA2 gene mutations and their frequency in women
and men with familial breast cancer and ovarian cancer, in
whom no mutations were found in BRCAI gene. All mis-
sense mutations detected in BRCA2 gene were classified by
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means of analysis of evolutionary conservation of BRCA2
protein sequence. The purpose of the study included a
comparison of the frequency of changes of indefinite bio-
logical effect detected in BRCA2 gene in patients with the
incidence of such changes in control DNA derived from
healthy subjects. The study could help to assess, whether so
slight molecular changes, i.e. variants of unknown clinical
significance, increase the risk of breast and ovarian cancer
development, or whether they exert no effect on BRCA2
protein function.

Materials and methods
Patients

In order to search for BRCA2 mutations, 105 persons were
selected, in whom no mutations in BRCAI gene were
found, coming from families with numerous aggregations
of breast, ovarian, pancreatic, prostatic and other cancers.
Those patients were treated in the Oncology Center in
Warsaw and the Oncology Center—Branch in Cracow in the
years 1998-2008 and remain in care of the Genetic
Counselling Unit, Oncology Center in Warsaw.

Each patient gave written consent for peripheral blood
sampling and performing of genetic tests.

The selection of patients for BRCA2 molecular studies
was carried out according to the following criteria:

1. Women with breast or ovarian cancer with a family
history of breast, ovarian, prostatic or pancreatic
cancer (age at onset 17-67).

2. Men with sporadic breast cancer.

3. Healthy subjects in the families of whom breast cancer
occurred in first-grade male relatives below the age of
40 years.

Four hundred control DNA samples were obtained from
anonymous blood samples of newborns from seven prov-
inces of Poland.

Methods

The genomic DNA was isolated from peripheral blood
lymphocytes using Genomic Midi AX Kit (A&A Bio-
technology, Poland). A variant of polymerase chain reac-
tion, the so-called ‘touchdown PCR’ was applied. For PCR
reactions, primer sequences were used, proposed by
Wagner et al. [11].

The PCR product was studied using denaturation liquid
chromatography (dHPLC) technique. That method uses
TEAA (triethylammonium acetate) buffer with acetonitrile
linear gradient (54.3-63.3%) at 0.9 ml/min flow rate. DNA
is divided in acetonitrile gradient, depending on the size of
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Table 1 PCR and DHPLC

conditions for mutational Annealing . Exons DHPLC . Gradient (%B)
analysis of BRCA2 gene temperature (°C) temperature (°C)
60-53/53 10A,10E 53-55 56.5-59.3
63-56/56 34,5 + 6,7,8,9,10B,10C,11A, 51-57.5 54.3-61.4
11B,11C,11D,11E,11F,11G,
I1H, 114,11 J,11 K, 11L,12,
14A,15,16,17,18A,18B,19,
20,21,22,23,24,26,27A,27B
65-58/58 10D,11P,13,25 52-57 57.4-61.2
68-61/61 2,11 M,11 N,110,11Q,14B 53-57 55.4-61.4

the fragments or presence of heteroduplexes. The melting
point optimal for individual exons was established using
software for the Wave system. The separation was con-
ducted in DNASep, Transgenomic column containing
alkylated polystyrenedivinylbenzene as bed. The condi-
tions of PCR and separation in DNASep column are pre-
sented in detail in Table 1.

The DNA fragments suspected of mutation presence
were purified (Centrifugal Filter Devices) and then were
sequenced with fluorescence-labelled terminators—Big
Dye Terminator v.3.1 Cycle Sequencing Ready Reaction
Kit using 5% denaturating polyacrylamide gel. The
sequencing was done using ABI PRISM 377 (Applied
Biosystems) apparatus.

The missense mutations detected during screening tests
were classified by comparative analysis of evolutionary
conservation of BRCA2 protein sequence in fish (two
species) and mammals (five species), which was conducted
using T-Coffee (version 5.72) software [12]. The software
made possible to determine the grade of phylogenetic
kinship through identification of common motifs.

For the analysis of the conservation, DNA sequences of
the following species were used:

Tetraodon nigroviridis—fish
Danio rerio—fish

Mus musculus—domestic mouse
Rattus norvegicus—Norwegian rat
Felis catus—domestic cat

Canis familiaris—domestic dog
Homo sapiens—man

In the result of the analysis of conservation, evolution-
arily strongly conserved BRCA2 protein fragments of a
high degree of similarity were detected.

Statistical analysis
The statistical analysis was carried out to compare the

frequency of the detected molecular variants in breast
cancer patients and in the control group (400 DNA

samples). Fisher test was used for the statistical analysis,
calculating the probability factor for the relation between
two independent features in ‘two-by-two’ arrangement.

Results

Germline mutations in BRCA2 gene were searched for in
103 patients with familial breast cancer and ovarian cancer
and in two healthy subjects. In that group, breast cancer
developed in 91 women and eight men, three probands had
ovarian cancer and in one patient breast and ovarian cancer
syndrome was diagnosed. That group included also two
healthy women in the family of whom breast cancer
developed in their first-grade male relatives below the age
of 40 years. The patients were aged 17-67 years; the
median was 46 years.

Thirty-nine molecular variants were detected in the
study group, including eight changes determined for the
first time (five pathogenic mutations and three variants of
indefinite biological effect). Ten frame shift mutations
were detected, the result of which was production of
truncated protein. They included: 5467insT, 6174delT,
6192delAT, 6675delTA, 8141del5, 9152delT, 9326insA
and 9631delC (Table 2). The 8141del5 mutation was
detected in three patients.

The 5467insT mutation, the consequence of which was
occurrence of stop codon 1747, was detected in a man with
breast cancer. Another change, 6174delT, causing protein
synthesis termination in codon 2003 developed in a female
breast cancer patient with a family history of five breast
cancers, three cases of lung cancer and leukaemia. The
6192del AT mutation, the effect of which was occurrence of
a stop codon in 2001 position, was found in a female
patient, in whom breast cancer was diagnosed at the age of
54 years, while in her first-grade relatives bilateral breast
cancer at the age of 48 years and prostate cancer were
diagnosed. The group of pathogenic mutations not included
in the BIC database involved also deletion of two bases in
6,675 position, leading to protein synthesis termination in
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Table 2 BRCA2 gene disease associated germline mutations identified in Polish breast and breast—ovarian cancer families

No Exon Nucleotide Predicted effect BIC Age at diagnosis Type of family
10 G1408T E394X Novel 64 I° male breast, leukaemia
11 5467insT stop1747 + 74 3 History unknown,
patient died
3 11 6174delT stop2003 + 54 I° breast, lung
II° lung, leukaemia
III° breast x 3, lung
11 6192delAT stop2001 Novel 54 I° bilateral breast, prostate
11 6675delTA stop2174 Novel 39/58 bil. I° ovary, breast
17 8141del5 stop2368 + a) 40 I° breast, II° breast
b) 58 I° breast x 2, II° breast
c) 47 I° breast, II° prostate
22 9152delT stop2987 Novel 62 3 I° ovary, oesophagus
8 23 9326insA stop3042 + 46 I° breast x 2, pancreas
23 1VS23-2A/G Novel 40 I° breast, prostate
II° gallbladder
10 25 9631delC stop3162 + 33/39 bil. Non

Bold letters indicate novel mutations

codon 2174. It was disclosed in a female patient with
bilateral breast cancer, in whom the first disease occurred
below the age of 40 years. A first-grade female relative of
that patient developed breast cancer at the age of 45 years
and ovarian cancer at the age of 62 years.

The 8141del5 mutation was found in exon 17, which
caused formation of stop codon 2368. That change was
detected in three non-related female breast cancer patients.
In one of them the disease occurred at the age of 40 years,
in another at the age of 58 years, and in the third one—at
the age of 47 years. In first- and second-grade relatives of
those patients breast cancer were also disclosed. Another
mutation detected for the first time was 9152delT. It
occurred in a 62-year-old man, the first-grade relatives of
whom had ovarian cancer and oesophageal cancer.

An insertion of adenine in position 9,326 was found in
exon 23, causing formation of stop codon 3042. The carrier
of that mutation was a female breast cancer patient, in the
family of whom three-first- and second-grade relatives had
breast cancer and pancreatic cancer.

The last of the mentioned frame shift mutations was
9631delC. That change was detected in a woman, who, at
very young age (33 and 39 years) had sporadic bilateral
breast cancer. Besides that, in exon 23 of BRCA2 gene a
IVS23-2A > G change was disclosed at exon splice site.
That change also exerted a pathogenic effect and was not
earlier included into the BIC database. It was detected in a
40-year-old female patient with a family history of breast,
prostate and gall bladder cancers.

The group of pathogenic mutations detected by us was
completed with the nonsense change E394X. It was found
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in a female breast cancer patient, the first-grade male rel-
ative of whom also had breast cancer. For genetic coun-
selling purposes we confirmed the carrier state of
6192delAT mutation in four healthy relatives, E394X
mutation in two healthy relatives and 8141del5 mutation in
healthy daughter of the patient. The pattern of location of
pathogenic mutations detected in BRCA2 gene is presented
in Fig. 1.

Ten missense changes were found among 105 studied
subjects (Table 3).

The frequency of changes was compared between breast
cancer patients and the control group of healthy subjects
for three detected missense mutations, the biological effect
of which has not been elucidated yet. The incidence of
N991D change in exon 11 of BRCA2 gene in breast cancer
patients (10/105;9.5%) was not significantly different from
that in healthy subjects (34/400;8.5%) OR = 1.1331 (95%
CI: 0.5405 < O.R. < 2.3757), p = 0.7007. A weak evo-
lutionary conservation of that change was found in BRCA2
protein sequence, thus we suggest that it was of polymor-
phous character. Another change, D14200, moderately
conserved evolutionarily in mammals in BRCA2 protein
sequence, occurred with a higher frequency in breast can-
cer patients (6/105;5.7%) than in healthy subjects (7/
400;1.7%); OR = 3.4026 (95% CI: 1.1186 < O.R. <
10.3505); p = 0.0339. The missense N31241 change
occurred with 2.85% (3/105) incidence in patients, while it
was not found in the DNA of healthy subjects (0/400),
p = 0.0087. The N3124I mutation was located in BRCA2
protein domain bound to DNA and was characterised by
the highest evolutionary conservation (in fish and
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Table 3 BRCA2 sequence variants of unclassified significance identified in Polish breast and breast—ovarian cancer families

No Exon/intron Nucleotide Predicted effect BIC Conserved in Tetraodon/Danio/ Polarity change
Felis/Mus/Rattus/Canis/Homo

1 G203A + / /
2 8 IVS8 + 56G/T (909 + 56) + / /
3 10 A1093C N289H + V. good Y
4 A1342C N372H + Good Y
5 A1593G S455S + / /
6 A2020G T598A + Good Y
7 G2032A G602R + V. good Y
8 11 T2457G H743H + / /
9 A3199G N991D + Bad N
10 A3624G K1132 K + / /
11 G3744A S11728 + / /
12 T4035C V1269 V + / /
13 G4296A L1356L + / /
14 G4486T D14200 + Avg Y
15 A5298C K1690 N + V. good Y
16 C5427T S1733S + / /
17 C5972T T1915 M + Avg Y
18 IVS11 + 80del (7069 + 80) + / /
19 12 IVS11-19delAT (7070-19) + / /
20 14 A7470G S2414S + / /
21 1VS13-62A/G (7236-62) Novel / /
22 IVS14 + 53C/T (7663 + 53) + / /
23 15 IVS15 + 23G/A (7845 + 23) Novel / /
24 17 IVS16-14T/C (8034-14) + / /
25 A8107T 12627F + V. good N
26 IVS17 + 24G/A (8204 + 24) Novel / /
27 22 IVS21-66T/C (8983-66) + / /
28 25 A9599T N31241 + V. good Y
29 27 10323delCins11 stop3329 + / /

Bold letters indicate novel mutations

mammals). The family history of female breast cancer
patients, carriers of D14200 and N3124I changes is shown
in Table 4.

Among the remaining mutation that lead to amino acid
exchange in the encoded protein, four demonstrated a very
good evolutionary conservation. They included: N289H in
exon 10 defined in the BIC as clinically insignificant, and
G602R, K1690 N and I2627F of indefinite biological
effect. The female carriers of N289H mutation had positive
family history of breast cancer occurrence in young rela-
tives, and prostatic and breast cancer development in
males. A G602R mutation developed in a female breast
cancer patient with a family history of two breast cancer
and hepatic cancer. The exchange of lysine for asparaginic
acid in 1690 position was found in two probands. In one of
them the disease occurred below the age of 40 and she had
a positive family history of breast, pancreatic and lung

cancer and Hodgkin’s disease. In the other proband ovarian
cancer developed at the age of 48 years and two cases of
gallbladder cancer were found in her family. The presence
seems also to be significant of a I2627F change in a
woman, in whom breast cancer was diagnosed at the age of
32 years and breast cancer was also found in her first-
degree male relative.

In 12 study subjects C5972T mutation was also detected,
leading to T1915 M exchange. That mutation was dis-
closed in a very young female patient (18 years) with
multifocal lobular breast cancer, while four other patients
developed bilateral breast cancer. The patient, in whom
breast and ovarian cancer syndrome was diagnosed, and
three female ovarian cancer patients were carriers of
T1915 M mutation.

Eight ‘silent’ changes were also disclosed, although not
leading to amino acid exchange in the encoded protein, but
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Table 4 Family history of

Type of family

. Mutation Proband

female breast cancer patients,

cgnler.s of mutation of indefinite D14200 1 breast bil.52/61

biological effect, the frequency

of which was statistically 2.breast30

significant, compared with the 3.breast 46

control group 4.breast 50
5.breast bil.50/73
6.breast 29

N31241 1.breast bil.65/65

2.breast 41
3.breast 40

I° breast, prostate x 2 II° breast III° breast x 2
I° prostate

I° breast x 2, pancreas

I° breast, prostate

I° breast bil. 25/30

II° breast, pancreas, lung

I° breastd

I° breast, colon, gallbladder II° colon, prostate III° breast
x 2, gallbladder

I° liver, colon, breast + leukaemia II° prostate III° breast x 3

their clinical importance could not be excluded (Table 3).
The frame shift mutation 10323delCinsl1 occurring in
exon 27 also should be regarded as belonging to changes of
indefinite biological effect (according to BIC). The group
of detected mutations is completed with nine intron chan-
ges in exons 8, 11, 12, 14, 15, 17, 22 and a G203A change
in the non-encoding 5'UTR segment of exon 2.

Discussion

Twenty-seven exons of BRCA2 gene, i.e. all encoding
regions of BRCA2 and the so called splice sites were
examined in 103 patients with familial breast or ovarian
cancer and two healthy subjects, finding 12/105 (11.4%)
mutations of pathogenic importance. Among them ten
frame shift mutations, one terminal change and one splice
site change were detected. The effects of the mutations
disclosed included truncated protein synthesis or function
impairment of produced BRCA?2 protein.

Five pathogenic mutations were detected for the first
time in the study group. They included: GI1408T,
6192del AT, 6675delTA, 9152delT and 1VS23-2A/G.

The nonsense G1408T (E394X) mutation is located in
the N-terminal region of BRCA2 protein before the region
containing eight strongly conserved repeats of BRC
(Fig. 1). The 6192delAT mutation, similarly as two path-
ogenic mutations 5467insT and 6174delT, are located
within the strongly conserved BRC repeats. BRCA2 pro-
tein is directly connected with RADS51, which is particu-
larly important for damage repair of double DNA strand
through recombination between homologous DNA
sequences. Interaction between BRCA2 and RADS51 occurs
mainly in the region of BRC repeats in BRCA2 protein,
and the sequence of the repeats is characterised by high
evolutionary conservation (in birds and mammals) [12].
BRCAZ2 protein can control both joint and separate actions
of RADS51 in DNA repair. Therefore, 5467insT, 6174delT
and 6192delAT mutations exert a particular effect on

@ Springer

double DNA strand repair function and strongly predispose
to breast cancer development. The 6174delT mutation
included in the BIC [13] database is the change occurring
most frequently in the population of Ashkenazi Jews, both
women and men with breast cancer Codick et al. [14] and
also Distelman-Menachem et al. [15].

The 6675delTA mutation, detected for the first time, is
located just behind the region of strongly conserved BRC
repeats. That change causes synthesis of impaired protein
deprived of helical domain HD and three oligonucleotide
domains OB located in the C-terminal region of BRCA2
protein.

Two new pathogenic mutations: 9152delT and splice
site change IVS23-2A/G, and one previously known
mutation 9326insA were found within the greatest alpha-
helical domain OB2, which forms a protruding region
described as ‘the tower’, and which is located in the C-
terminal region of BRCA2 protein. The consequence of
those mutations is disturbance of double DNA strand repair
functions. Csokay et al. [6] and Haraldsson et al. [16] also
described the 9326insA change in men with breast cancer
who had no family history of breast cancer.

Another mutation located within the helical domain HD,
namely 8141del5, detected by us in three patients, led to
synthesis of a vestigial protein deprived of helical domain
HD and three oligonucleotide domains OB located in the
C-terminal region of BRCA2 protein [17]. The 9631delC
mutation was found in the region of oligonucleotide
domain OB3 and led to formation of stop codon 3162. That
mutation was described by Grzybowska et al. [18] in three
patients with breast and ovarian cancers and a family his-
tory of those tumours. We think that the mutation is
characteristic of patients from the Polish population.

A number of missense changes were also detected in our
study material. The G4486T mutation caused an affinity
change of hydrophilic asparaginic acid for hydrophobic
tyrosine (D14200); the frequency of that mutation was
significantly higher in patients with familial breast cancer
than in healthy subjects. That mutation is located in
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limiting BRC3 sequence in the region of strongly con-
served BRC repeats. That sequence plays an important role
in RAD51-BRCA?2 interaction, therefore that mutation
significantly increases the risk of breast cancer develop-
ment [19]. That mutation was also detected by Kwiat-
kowska et al. [20] in a man with breast cancer.

Many authors think that mutations leading to changes in
the region of BRC4 to BRC7 repeats are connected with a
predisposition to breast cancer development [21]. Two
changes were found in that region: A5298C causing an
exchange of hydrophobic lysine for hydrophilic asparagine
taking place within BRCS sequence, and C5972T mutation,
in which a change of polarity of amino acids also occurred.
Gorski et al. [22] described that molecular variant in
BRCA2 gene as strongly predisposing to breast cancer
development in young women. The authors studying a
large group of patients (over 3,600) observed that the
carriers of T1915 M variant in BRCA2 gene more fre-
quently developed bilateral and multifocal breast cancer,
although the differences between the groups failed to reach
statistical significance. That confirmed our observations,
since out of 12 female patients with C5972T mutation, in
four cases bilateral breast cancer occurred and in one
proband breast cancer developed at the age of 18 years.

The effect of A9599T change was an exchange of
hydrophilic asparaginic acid for hydrophobic isoleucine
(N3124I). The N3124I mutation is located in the BRCA2
sequence evolutionarily strongly conserved in fish and
mammals, therefore we can conclude that it increases the
risk of breast cancer development.

In our study material two mutations: N372H and
K1690 N were detected, which were described in the BIC
database as non-pathogenic changes, however a homozy-
gous N372H change was found in one female patient with
breast cancer diagnosed at the age of 37 years, with a
family history of breast cancer in her first- and second-
grade relatives (21 and 39 years). Spurdle et al. [23],
Healey et al. [24] think that HH genotype N372H change is
connected with increased risk of breast cancer development
in the Australian and British populations. Palli et al. [25]
reported that homozygous N372H mutation in BRCA2 gene
significantly increased the risk of breast cancer develop-
ment in males.

A missense K1690 N change, the protein sequence of
which was characterised by strong evolutionary conserva-
tion in fish and mammals, was detected in a breast cancer
patient with a family history of ovarian cancer (48 years)
and gastric cancer in two relatives (31 and 57 years). We
can suppose that change increases the risk of breast cancer
and also gastric cancer development. Jakubowska et al.
[26] described a higher incidence of mutations in BRCA2
gene in patients belonging to families with breast cancer
and gastric cancer aggregations.

In our study material 10323delCins11 mutation was also
disclosed in exon 27 of BRCA2 gene, the consequence of
which was stop codon 3329. That mutation was described
in BIC as the change with non-pathogenic effects.

Searching for mutations in BRCA2 gene in patients with
familial breast cancer and ovarian cancer is very important
for genetic counselling and also for the selection of ade-
quate adjuvant therapy. Easton et al. [8] and Goldgar et al.
[9] found that new mutations identified in high-risk fami-
lies can be suspected of pathogenicity if they reveal a high
degree of evolutionary conservation in the functional
domains of BRCA2 protein. In order to broaden the
knowledge about the changes of indefinite biological effect
found in BRCA2 gene, we intend, in co-operation with the
Genetic Counselling Unit, to carry out an analysis of co-
segregation of the coexistence of detected molecular vari-
ants with breast cancer cases among relatives.

Conclusions

The determination of pathogenic status of molecular vari-
ants detected in BRCA2 gene, described in the BIC muta-
tion database as ‘UV’ depends on many parameters.
Important is the assessment of the evolutionary conserva-
tion of their protein sequences and studying of the fre-
quency of molecular variants detected in breast cancer
patients and in population.

A high diversity was found of the pathogenic mutations
detected in BRCA2 gene in the Polish population. There is
a tendency in genetic counseling to search for mutations
developing most frequently in the Polish population,
however most mutations are only determined in one family.
Therefore, in breast cancer patients with a strong positive
family history of breast, ovarian, pancreatic and prostatic
cancer, a screening strategy is needed for the whole BRCA2
gene.
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