BIOSCIENCES BIOTECHNOLOGY RESEARCH ASIA, June 2018.

Genetic Susceptibility to Breast Cancer in East Azerbaijan, Iran
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Breast cancer is the most common cause of death among women in the world and
in Iran. A number of risk factors for breast cancer development have been identified, among
which the most important is positive family history. Alterations in different genes, including
BRCA1, BRCAZ2, p53, CHEK2, PTEN, and ATM, also induce a predisposition for breast cancer.
Among these changes, BRCA1 and BRCA2 alterations are the strongest drivers of breast cancer
predisposition. This study was aimed at contributing to the development of appropriate methods
for detecting genetic alterations, such as single or multiple exon deletions and amplifications,
in the aforementioned genes. We used multiplex ligation-dependent probe amplification (MLPA)
to determine genetic alterations in 150 female patients who hail from East Azerbaijan, Iran
and suffer from familial breast cancer. Specifically, we investigated copy number changes in
BRCA1, ATM, p53, CHEK2, and PTEN. MLPA results showed no remarkable mutations in the
study population. Size coverage is a critical factor for MLPA to accurately detect potential
mutations in familial breast cancer susceptibility genes.
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Breast cancer accounts for about one-
fourth of female cancer cases worldwide. It is the
most frequently occurring malignancy and the
second cause of death among Iranian women'.
Different factors, such as gender, ethnic origin,
and age-specific patterns, are recognized as
important predisposing factors for breast cancer.
Compared with sporadic breast cancer, which
has an estimated incidence frequency ranging
from 90% to 95%, familial breast cancer has been
estimated to occur only at 5% to 10% frequency.
Nevertheless, the most frequently characterized
predisposing factor for the disease is positive

*Corresponding author E-mail: mojtabamohaddesardebili197 @gmail.com

family history®. Interestingly, less than 10% of
breast cancer types are attributable to a single
highly penetrant inherited predisposing allele’.
Less than a quarter of familial risk factors have
been related to mutations in identified breast
cancer genes; the rest remain unrecognized.
Mutation screening based on candidate gene
approaches and genome-wide association studies
have led to unique classifications of breast cancer
predisposing alleles; these classifications are
(a) high-penetrance alleles, (b) rare moderate-
penetrance alleles, and (c) common low-penetrance
alleles, which have varying prevalence rates in

This is an

Open Access article licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0
International License (https://creativecommons.org/licenses/by-nc-sa/4.0/ ), which permits unrestricted Non Commercial
use, distribution and reproduction in any medium, provided the original work is properly cited.

210G

Published by Oriental Scientific Publishing Company © 2018



470 PASHAEI et al., Biosci., Biotech. Res. Asia, Vol. 15(2), 469-473 (2018)

different populations®. Additional mutations that
cause breast cancer susceptibility have remained
unidentified. Such mutations may occur in
moderate- to low-penetrance gene variants that may
relatively increase breast cancer risk for carriers
through multiplicative and/or cumulative effects’.
Conversely, each single variant may individually
impose minimal risk.

BRCA1 (breast cancer susceptibility gene
1) and BRCAZ2 (breast cancer susceptibility gene
2) are the most important cancer susceptibility
genes. BRCA1 and BRCA2 mutations account
for about 20% to 24% of hereditary breast cancer
in females (6), and BRCA1 is a major causative
gene for early-onset breast cancer’. Mutations in
these genes may result in faulty DNA repair that
possibly leads to malignancy in cases of high
mutation rates®. Among breast cancer patients with
no family history of the disease, 65% are carriers
of BRCA mutations, whereas the remaining 35%
are carriers of BRCA2 mutations’. Genetic variants
of undefined conditions are majorly missense
mutations and minorly in-frame deletions®.

The fact that additional high-penetrance
susceptibility genes could not be identified via
genome-wide linkage studies in non-BRCA1/
BRCA?2 families shows that BRCA1 and BRCA2
account for a very small fraction of familial
breast cancer incidences. Cancer-predisposing
syndromes, such as Li-Fraumeni, Peutz-Jegher,
Cowden, and Neurofibromatosis disease, present
increased risk of breast cancer; studies on these
disorders have shown that mutations in p53
(protein 53), STK11 (serine/threonine kinase 11),
PTEN (phosphatase and tensin homolog), NF1
(neurofibromatosis type 1) and CDH1 (cadherin-1)
can increase breast cancer risk'® " .

Despite various efforts to detect other
highly penetrant breast cancer predisposing genes,
no study has identified such role for BRCA3 gene.
However, the sequencing of genes involved in
DNA repair presented opportunities to identify
several intermediate-penetrance breast cancer
susceptibility genes, such as CHEK2 (checkpoint
kinase-2), BRIPI/BACHI, PALB2, PTEN, ATM,
and p53, most of which function as cell cycle
controllers, DNA integrity insurers, and signal
transducers '* 2.

Large genomic rearrangements (LGRs)
are widely expected in a considerable percentage

of breast cancer types in various populations.
The LGRs of BRCA1 and BRCA2 have been
observed in many cases of breast cancer in which
no genetic alterations were identified beforehand
using common screening methods'* '*. An LGR
within the CHEK2 gene has been reported to
occur among Finnish, Northern European, Mayo,
French, and American people. The first evidence
of'alarge CHEK2 duplication was found primarily
as a predisposing risk factor in an Italian family
that showed a hereditary pattern of breast cancer.
The family had a 23 kb duplicated region in
the CHEK?2 gene spanning intron 5 to 13'S. An
LGR in the p53 gene has also been observed in
the Brazilian population. Common mutations,
such as 1100delC, 1157T, and IVS2 + 1G > A,
were reported in CHEK?2 and attributed to a variety
of malignancies. The most common types of
alterations have been reported as small insertions/
deletions leading to an entirely non-functional
BRCA protein (Figure 1). The higher rate of
duplication/deletion in BRCA1 than in BRCA2 was
attributed to the accumulation of Alu (arithmetic
logic unit) sequences'’. LGRs that typically result
from homologous recombination between BRCA 1
and pseudogenes (genes with similar sequences)
compose about one-third of all the mutations that
take place in the BRCAI gene.

The importance of LGRs in breast cancer
development, the failure of routine screening
assays to detect such cases, and the presence of
numerous undetected breast cancer cases in East
Azerbaijan, Iran led us to hypothesize a high
prevalence of LGRs in breast cancer cases in this
region. Accordingly, we investigated the presence
of LGRs in CHEK2, ATM, PTEN, p53, and
BRCA1 by using multiplex ligation-dependent
probe amplification for a group of East Azerbaijan
breast cancer cases.

MATERIALS AND METHODS

One hundred and fifty available breast
cancer cases referred by an oncologist were
recruited as a case group. All the cases satisfied
international BOADICEA standard criteria for
cancer assessment. Sixteen healthy women from
the same area were recruited as the control group.
Written informed consent (code: 915071) was
obtained from all the participants. After sample
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collection, genomic DNA was extracted using the
salting-out method.

MLPA reaction was carried out in four
steps: (A) denaturation and hybridization of
MLPA probes, (B) ligation, (C) polymerase chain
reaction (PCR) amplification, and (D) separation
and purification of PCR products. Differences
in probe amplifications were identified by
comparing the signal peaks of the case and control
samples. The comparison of the probes with
different amplification signals and the references
revealed sequences with aberrant copy numbers.
Oligonucleotide probes that were not ligated to
the target could not be amplified and, thus, did not
produce any signal. Alternatively, the amplification
of the genes enabled us to establish additional
templates for MLPA probes and generate additional
PCR products for comparison with the normal
references.
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The loss and gain of DNA material within
BRCA1, CHEK2, p53, PTEN, and ATM were
investigated in the case and control groups by using
a P190-C1 kit (MRC-Netherlands). An ABI3100
genetic analyzer was used to purify the products,
and GENEMARKER V.2.6.0 was used to analyze
the results.

The control probe curves were directly
normalized using the median of all the samples, and
two standard deviations were used as normalization
factors. Normal peak ratio was considered to
be 1, and potential duplication and deletion
were regarded as peak ratios e”1.3 and d”0.7,
respectively. Positive controls were used for all the
detected modifications. This study was approved
by the ethical board committee of Tabriz University
of Medical Sciences.
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Fig. 1. Schematic representation of BRCA1 (A) and BRCA2 (B) genes demonstrating functional domains involved

in protein—protein or protein-DNA interactions (16)
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Fig. 2. MLPA results for the CHEK?2, p53, BRCA1, ATM, and PTEN genes of a breast cancer case
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RESULTS

The kit used in this study comes with
43 probes for CHEK2, including 16 probes for
exon | to 16 and one extra probe for exon 11.
However, the kit provides no probe for second
and third alternative exons. The number of probes
used to investigate alterations in the ATM gene,
PTEN gene, flanking KLLN gene, p53 gene, and
BRCA1 promoter were seven, five, one, two, and
one, respectively. Eight probes were included in the
probe mix as reference for the detection of a few
altered autosomal chromosome loci. We analyzed
150 samples related to familial breast cancer
and high-risk cases. Interestingly, no conclusive
new LGR was found in BRCA1, CHEK2, p53,
ATM, and PTEN (Figure 2). The results are highly
concordant with the findings of an Italian study
(28, 34). Note that the P190-C1 kit has only one
BRCA1 gene probe designed to check the promoter
region, which was not covered the hotspots. This
exclusion may be one of the reasons for the absence
of mutations in the studied population.

DISCUSSION

A total of 150 familial breast cancer
cases from East Azerbaijan, Iran were randomly
selected for this research. LGRs in the CHEK2,
ATM, PTEN, p53, and BRCA1 genes of the study
population were investigated via MLPA. Three
families exhibited a 1100delC mutation in the
kinase domain of the CHEK?2 gene. This mutation
results in the early termination of the chain during
translation'®. Previous studies indicated that
mutations such as 1100delC in the CHEK2 gene
are associated with the development of several
types of cancer in different populations'*2'. Using
MLPA, other studies demonstrated that deletions/
duplications in the BRCA1 gene can lead to breast
cancer in various populations. On the basis of our
experimental results, we propose that LGRs in the
CHEKZ2, p53, ATM, BRCAL, and PTEN genes are
unlikely to exert an important effect on the etiology
of breast cancer in East Azerbaijan, Iran 2%,

Our findings are similar to the results
of studies on CHEK2 1100delC in Korean,
Chinese, Japanese, South Indian, and Singaporean
populations. The results of the current work are
also highly similar to those of a study on BRCA1

and BRCA2 LGRs in breast cancer cases from
Sri Lanka. Other studies likewise revealed no p53
mutation in breast cancer cases'’.

In summary, LGRs may not be found
in selected regions of the CHEK2, ATM, PTEN,
p53, and BRCAL1 genes. The coverage size of the
MLPA kit is a critical factor for similar studies to
accurately detect potential mutations in familial
breast cancer susceptibility genes. Using a kit
with better coverage for breast cancer hotspots
can be useful in identifying large deletions and
duplications. Additional investigations are required
to uncover genomic rearrangements in other
regions of breast cancer predisposing genes for the
East Azerbaijan context.
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