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Summary

Introduction. Breast cancer is the most frequently diagnosed malignancy among woman in Latvia. Approximately 40% of all
hereditary breast cancer cases can be explained due to the point mutations in the BRCA1 and BRCA2 genes. It is estimated that more
than 10% of breast cancer predisposing mutations are large genomic rearrangements such as large deletions and duplications.
Aim of the study. The aim of the study was to determine a large deletions, or duplications in the moderate risk breast cancer
susceptibility genes in breast cancer patients negative for the point mutations in the BRCA1 and BRCAZ genes.

Materials and methods. Study group consisted of 23 breast cancer patients negative for the 4153delA, 5382insC and 873delG,
886delTG mutations in the BRCAT and BRCAZ genes, respectively. Multiplex ligation-dependent probe amplification was performed
for the detection of large genomic deletions and duplications.

Results. Large genomic deletions were detected in the two cases. In one case was determined a large genomic deletion in the
CHEK?Z gene spanning exons 9 and 10. In the second case exons 2 and 5 in the CHEKZ gene and exons 29 and 46 in the ATM gene
were deleted.

Conclusions. Large genomic deletions in the moderate risk breast cancer susceptibility genes can be found in Latvia. For the first

time, a large genomic CHEKZ gene deletion spanning exons 9 and 10 has been detected in Latvia.
Key Words: breast cancer, moderate risk breast cancer susceptibility genes, multiplex ligation-dependent probe amplification.

INTRODUCTION

Breast cancer is the most frequently diagnosed
malignancy and leading cause of cancer death among
women worldwide. It was estimated that approximately
1.38 million new cases were diagnosed and 558.400
females died from breast cancer in 2008 (Ahmed et al.,
2011). Breast cancer is the most common form
of malignancy among female with approximately
1000 new cases diagnosed yearly in Latvia (Central
Statistical Office of Latvia). The two major breast
cancer susceptibility genes, BRCAI and BRCA2, are
responsible for about 4% of all breast cancer cases in
Latvia (Gardovskis et al., 2009; Zestkova et al., 2010) In
the 3% of all breast cancer cases are found 4153delA,
5382insC mutations in the BRCAI gene and in the 1% of
all breast cancer cases are found 886delTG and 873delG
mutations in the BRCA2 gene (Gardovskis et al., 2009;
Zestkova et al., 2010). The BRCAI and BRCA2 genes are
responsible for about 30% of hereditary breast cancer
cases worldwide and for about more than 40% in Latvia
(Claus et al., 1996, Gardovskis et al., 2009). There is a
strong association between BRCAI mutation status and
morphology of the breast cancer. Approximately in the
80% of patients with the germ-line mutations in the
BRCAI gene are found triple negative (TN) breast cancers
(Spearman et al., 2008). Triple negative breast cancers

are attributed to the ER-negative, progesterone-receptor
(PR)-negative and HER2-negative tumors (Perou et al.,
2000). Numerous studies have shown that large genomic
rearrangements such as large genomic deletions or
duplications are associated with the development of
variety different hereditary conditions. For the most
of the hereditary conditions partial gene deletions or
duplications accounts for less than 10 % of all disease
causing mutations and in some of the conditions it is
30% or more (Schouten et al., 2002; Taylor et al., 2003;
Aretz et al., 2007; Kanno et al., 2007; Redeker et al.,
2008). Deletions or duplications of one or more exons
of BRCAI and BRCA2 genes predispose carriers to breast
cancer. The prevalence of large genomic deletions and
duplications in the BRCAI genes varies within different
population but the overall rate is more than 10% and in
the some of the populations even reaching almost 30%
(Hartmann et al., 2004; Pylkas et al., 2008; Smith et al.,
2011; Hogervorst et al., 2003). The large genomic
deletions and duplications in the moderate risk breast
cancer genes are studied less therefore in this study we
focused our attention to moderate risk breast cancer
susceptibility genes. ATM gene is a large gene containing
66 exons spanning approximately 150 kb of genomic
DNA and over 400 mutations have been identified (Uziel
et al., 1996; Campbell et al., 2003). Due to its relatively
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large size mutation detection is labor-intensive and
times consuming thus a large proportion of mutations
remains undetected. CHEK2 gene spans approximately
50 kilobases of genomic DNA and consists of 14 exons
(Bartek et al.,, 2001). 1100delC, 1157T, IVS2+IG>A and
5.4 kb deletion of the CHEK2 gene has been associated
with an icreased risk of breast cancer (Wu et al., 2001;
Meijer-Heijboer et al., 2002; Kilpivaara et al., 2004,
Cybulski et al., 2006).

AIM OF THE STUDY

The aim of this study was to determine a large genomic
deletions or duplications in the moderate risk breast
cancer susceptibility genes (CHEK2 and ATM) in breast
cancer patients negative for the 4153delA, 5382insC
and 873delG, 886delTG mutations in the BRCAI and
BRCAZ2 genes, respectively.

MATERIALS AND METHODS

Study group consisted of 23 breast cancer patients
negative for the 4153delA, 5382insC and 873delG,
886delTG mutations in the BRCAI and BRCA2 genes,
respectively. All breast cancer patients were hospitalized
from 2006 to 2008 at the Pauls Stradins Clinical
University Hospital and Oncology Center of Latvia. The
ages of patients at the diagnosis of the disease were from
41 to 71 years. Four healthy control donors were used
as reference samples. All individuals signed informed
consent forms for participation in the research. The
study was approved by the Ethics Committee of the Riga
Stradins University.

Genomic DNA was extracted from 2 ml of peripheral
blood samples by FlexiGene DNA Kit (250) (Qiagen,
Dusseldorf, Germany) according to the manufacturer’s
instructions.

Multiplex Ligation Probe Dependent Amplification
(MLPA) was done by MLPA kit P190 (MRC-Holland,
Amsterdam, Netherlands) according to the instructions
of the manufacturer. MLPA was performed in the
TProfessional thermal cycler (Biometra, Gottingen,
Germany). Fragments were separated on Applied
Biosystems 3130 capillary genetic analyzer and analyzed
by GeneMapper Software v4.0 (Applied Biosystems,
Foster City, CA).

MLPA data were normalized using block normalization.
The relative probe signals were obtained by dividing
the peak area of each amplification product by the total
peak area of only the reference probes in the probemix.
Probe ratios were calculated by dividing the relative
probe signals in the cancer samples by the average of the
relative probe signals in the reference (healthy controls)
samples. Probe ratios between 0.7-1.3 were defined as
normal.

Multiplex PCR was used to confirm a large genomic
deletion in the CHEK2 gene spanning exons 9 and 10.
Multiplex PCR was performed in the TProfessional
thermal cycler (Biometra, Gottingen, Germany) using
specific primers (Cybulski et al.,, 2007). The cycling
conditions were 3 minutes at 95°C, followed by 10
cycles of 30 seconds at 95°C, 30 seconds at 65°C and 30

seconds at 72°C and 40 cycles of 30 seconds at 95°C, 30
seconds at 55°C and 30 seconds at 72°C and fallowed by
10 minutes at 72°C.

Sequencing by Applied Biosystems 3130 capillary
genetic analyzer was performed to detect the range of
the deleted fragment in the CHEK2 gene spanning exons
9 and 10.

Data were analyzed by Sequencing Analysis v5.3.1. and
SeqScape v2.6.

RESULTS

The immunohistochemistry data of 23 breast cancer
cases were analyzed. Thirteen breast cancers were
diagnosed with triple negative (TN) cancer morphology
and ten breast cancers were diagnosed with HER2 3+
cancer morphology. From 13 TN breast cancers cases a
hereditary breast cancer (HBC) was diagnosed in 2 cases,
hereditary breast ovarian cancer (HBOC) was diagnosed
in 1 case and as being suspicious for hereditary breast
cancer (HBC susp.) were diagnosed 3 patients. From 10
HER2 3+ with HBOC was diagnosed 1 patient.

In two cases large genomic deletions were detected.
In one case was found a large genomic deletion in the
CHEK2 gene spanning exons 9 and 10. In the second
case exons 2 and 5 of the CHEK2 gene and exons 29 and
46 of the ATM gene were deleted.

Patient E111 showed reduced probe ratios of exons
9 and 10 of the CHEK2 gene. The values of the probe
ratios of exons nine and ten were 0.43 and 0.36,
respectively (Figure 1A). Probe ratios between 0.7 and
1.3 were defined as normal and probe ratio under 0.7
were defined as deletion. The capillary electrophoresis
peak profiles of exons 9 and 10 showed more than
two times lower peak profiles in the cancer sample
(Figure 1B) than adjacent peak profiles in the reference
sample (Figure 1C) thus implying to the deletion of the
two sequential exons in the CHEK2 gene. E111 was
diagnoses with a triple negative breast cancer at age 51.
E111 aunt was diagnosed with breast cancer at age 60
and she died at the same age. Patient has five siblings
with unknown age and health status (Figure 2). DNA
samples for the rest of the siblings were not available.
All siblings refused to participate in the study. A large
genomic deletion of exons 9 and 10 of the CHEK2 gene
was confirmed by multiplex PCR. Amplification product
gave an additional 450 base pair fragment thus implying
to large genomic deletion as was previously described
(Cybulski et al., 2006). Sequencing results revealed that
deletion break-point sites are at 39867 bp and 45262
bp positions at the CHEK2 gene (NT_011520) and our
estimated length of the deleted fragment is 5395 base
pairs.

Patient E224 showed reduced probe ratios of exons
2 and 5 of the CHEK2 gene and reduced probe ratios
of exons 29 and 46 of the ATM gene. The probe ratio
values of exons 2 and 5 of the CHEK2 gene were 0.64
and 0.63, respectively. The values of the probe ratios of
exons 29 and 46 of the ATM gene were 0.62 and 0.59,
respectively (Figure 4A). Peak profiles of exons 2 and 5
were reduced when were compared with adjacent peak



profiles of the reference sample. The same trend was
seen in the case of the ATM gene (Figure 4B and 4C).
E224 was diagnosed with the HER2 3+ breast cancer at
age 69 and she has three siblings with unknown age
and health status. The DNA samples from siblings were
not available.

DISCUSSION

This is the first report of a large genomic deletion in
the CHEK2 gene spanning exons 9 and 10 in Latvia.
CHEK2 gene is a tumor suppressor gene which initiates
DNA repair after double-strand breaks and has been
found to be a breast cancer predisposing gene in several
populations (Matsuoka et al., 1987; Chehab et al., 2000).
A large genomic deletion in the CHEK2 gene has been
previously reported and has been associated with the
elevated risk of breast cancer (Walsh etal., 2006; Cybulski
etal., 2007; Bogdanova et al., 2007). A deleterious CHEK2
gene mutation is prevalent in Central and Eastern
European populations. Initially deletion was found in
8 breast cancer patients from the Czech Republic and
Slovakia and was considered to be a founder mutation
for these particular populations (Walsh et al., 2006).
Later, a large genomic deletion was found in the 1%
of unselected breast cancer cases in Poland. Mutation
was present in the 0.4% of the population and was
associated with approximately twice the risk of breast
cancer (Cybulski et al., 2007). Deletion has been also
associated with the prostate cancer and is considered
to be one of the most widespread protein-truncating
mutations in the CHEK2 gene in Poland (Cybulski et al.,
2006). By our estimations, the length of the deleted
fragment spanning exons 9 and 10 is 5395 base pairs
and it is the same length as was found in Poland
(Cybulski et al., 2006). As with Polish we have common
4153delA, 5382insC founder mutations in the BRCAI
gene it is very likely that 5395 base pair deletion in the
CHEK2 gene is a founder mutation in Latvia (Gorski
et al., 2000). It would be very important to verify the
prevalence of large deletion in Latvian population and
to estimate relative risk for breast and prostate cancers
patients carrying particular large genomic deletion.

In second case exons 2 and 5 in the CHEK2 gene and
exons 29 and 46 in the ATM gene were found to be
deleted. A protein kinase encoded by ATM gene is
involved in mitogenic signal transduction, meiotic
recombination, detection of DNA damage, and cell cycle
control (Savitsky et al., 1995). Ataxia telangiectasia is
an inherited condition characterized by progressive
cerebella ataxia, oculomotor apraxia, frequentinfections,
immunodeficiency, sensitivity to ionizing radiation, and
increased risk of malignancy (Jasper et al., 1998; Gatti
et al., 1991). A female relatives being heterozygous for
an ATM gene mutations in the families of individuals
with ataxia telangiectasia have an approximately two to
five fold increase in risk of breast cancer (Swift et al.,
1987; Thompson et al., 2005; Renwick et al., 2006) A
truncating variant Glu1978X of the ATM gene has been
associated with a large increase in breast cancer risk
(Ahmed et al., 2006; Renwick et al., 2006). Deletions of
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exons 29 and 46 of the ATM gene and exons 2 and 5 of
the CHEK2 gene have not been previously reported and
ask for further research.

CONCLUSIONS

1. A large genomic deletions in the moderate risk
(CHEK2 and ATM) breast cancer susceptibility genes can
be found in Latvia.

2. This is the first report of a large genomic deletion in
the CHEK2 gene spanning exons 9 and 10 in Latvia.
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Fig.1a, 1b, 1c. (1A) Probe ratios calculate for a breast cancer patient E111 with a large genomic deletion
of the CHEK2 gene spanning exons 9 and 10. (1B) MLPA electropherogram of a breast cancer patient
E111 carrying a large genomic deletion in the CHEK2 gene. MLPA electropherogram of a healthy control
(1C). With arrows are indicated probes of exons 9 and 10 of the CHEK2 gene.
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Fig. 2. Family pedigree of a breast cancer
patient E111.
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Fig. 3. Sequencing of a genomic breakpoint in a
breast cancer patient E111 demonstrating a large
deletion of exons 9-10 of the CHEK2 gene.
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Fig. 4a, 4b, 4c. (4A) Probe ratios calculate for a breast cancer patient E224 with deleted exons 5 and 2 in
the CHEK2 gene and exons 29 and 46 in the ATM gene. (4B) MLPA electropherogram of a breast cancer
patient harboring deleted exon 5 and exon 2 in the CHEK2 gene and exons 29 and 46 in the ATM gene.
MLPA electropherogram of a healthy control (4C). With arrows are indicated probes of exons 5 and 2 of
the CHEK2 gene and probes of exons 29 and 46 of the ATM gene.



