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Abstract

Background: The purpose of this study was to evaluate the prevalence of BRCAI (MIM: 113705) founder
mutations in familial breast cancer (BC) patients with high risks in Iran. BRCA 1 is among the cancer susceptibility
genes best known for high penetrance mutations. BRCA 1 genotyping is now used to determine patient counseling,
management decisions, and prognosis of this syndrome. Materials and Method: Thirty nine patients with clinical
BC and 29 high risk healthy women, related to the patients, participated in the study. DNA from blood samples
was extracted and analyzed by PCR and SSCP methods in order to find 185delAG and 5382insC founder
mutations. In addition, a 251bp fragment of BRCAI’s exon 11 was amplified and analyzed for determination of
new mutations. Results: The data indicated the presence of 185delAG and 5382insC founder mutations in both
groups studied. Two out of 39 BC patients (5.1%) and one out of 29 relatives (3.4 %) were suspected to be carriers
of 185delAG mutations. However, we found only one patient (2.6 %) to be a carrier of a 5382insC mutation. Also,
2 women (5.1%) of the patient group and 3 n (10.3%) of relatives group were identified as carriers of unclarified
mutations in the 251bp fragment of the BRCAI gene. The carriers of BRCAI founder mutations have a high
lifetime risk of breast cancer. Conclusions: Therefore, these data are useful in counseling of individuals with a

significant family history of breast cancer.
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Introduction

Breast cancer (BC) is the most common malignancy in
women and the leading cause of cancer death in females
worldwide, accounting for 23% (1.38 million) of total new
cancer cases and 14% (458.400) of the total cancer deaths
in 2008. In the USA, the estimated number of new cases
of BC in 2012 was 226,870, of which 39,510 resulted in
death (American Cancer Society, 2012). The incidence
rates of breast cancer vary among geographic locales with
North America and Europe considered high risk areas, and
Asia and Africa indicated as low risk areas (Ferlay et al.,
2010). About half the BC cases and 60% of the deaths are
estimated to occur in economically developing countries.
Iran constitutes a low risk region for BC. However, Iran is
located in the Middle part of Asia, which has the highest
incidence of BC among women in the region, generally
followed by gastric, esophageal and cervical lesions
(Moore et al., 2010). Among Iranian women, BC is the
fifth most common cause of death (Akbari et al.,2008) and
ranked first among cancers diagnosed (Sadjadi et al., 2005;
Mousavi et al., 2009), comprising 24.4% of all neoplasms

(Mousavi et al., 2008), with a crude incidence rate and
age standardized incidence rate (ASR) of 17.4 and 23.65
per 100,000, respectively in 2004 (Mousavi et al., 2009).
Pursuant to Iran death surveys among 18 provinces in
2001 (Naghavi, 2001) and 23 provinces in 2003 (Naghavi,
2003), the BC mortality rate was registered as 2.5 and
2.7 per 100,000 of the female population, respectively.
According to Iran’s National Cancer Registry data, there
is an increasing trend of BC incidence (Harirchi et al.,
2000; Shamsa and Mohagheghi, 2002; Mousavi et al,
2007) and mortality (Taghavi et al., 2012). The incidence
age of BC in women in Iran is at least one decade less
than their western counterparts (Harirchi et al., 2000) with
the mean age ranging from 47.1 to 48.8 years (Harirchi
et al., 2004). And more than 36% of the tumors occur
in women under 40 years old (Mousavi et al., 2006;
Harirchi et al.,2011). Breast carcinomas can be classified
as sporadic, familial and/or hereditary. Hereditary BC
(HBC) has genetic heterogeneity; is transmitted vertically
in an autosomal dominant pattern; and is characterized by
dominant inheritance, early onset, severity of the disease
and bilaterality (Claus et al., 1994). Familial clustering
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of cancer has been recognized since Roman times while
autosomal dominant hereditary BC has been recognized
as a syndrome since an early description by Lynch and
Krush (1971). Twin studies estimate that around 27% of
BC is because of hereditary factors (Peto et al., 2000).
However, 5-10% of BC has a strong inherited component
and 4-5% is due to high penetrance genes transmitted in
an autosomal dominant pattern (Newman et al., 1988; Hall
et al., 1990; Miki et al., 1994). It is twice as common in
first-degree relatives of affected women compared with
the general population (Newman et al., 1988), indicating
that BC risk has a substantial inherited component
(Newman et al., 1988). The genetic basis of HBC is
usually an inherited germline mutation in one allele of high
penetrance genes and subsequent loss of heterozygosity in
somatic tissues (ACOG Committee on Practice Bulletins,
2009). Approximately 20-25% of this risk is explained
by two high-penetrance susceptibility genes: BRCAI
(17921) (MIM: 113705) and BRCA2 (13q12 13) (MIM:
600185) (Diez et al., 2011). The linkage of BRCAI and
BRCA? to early-onset hereditary BC was discovered in
1990 and 1994, respectively (Hall et al., 1990; Wooster
et al., 1994; Wooster et al., 1995). BRCAI is located on
chromosome 11q21 and BRCA2 on 13q12-13. About
5-10% of BCs are inherited, one-third of which are caused
by dominant BRCA gene mutations (Xu et al., 2012).
BRCAI or BRCA2 mutations are detected in almost 25%
of cases presenting with familial cancer (van der Groep
et al., 2006). The cloning of two major BC susceptibility
genes, BRCAI and BRCA2, in 1994 and 1995 (Futreal et
al., 1994; Miki et al., 1994; Wooster et al., 1994; 1995)
and the subsequent development of commercial genetic
testing has brought hereditary cancer genetics into the
public eye. BRCAI mutations are uniformly more frequent
than BRCA2 mutations (Malone et al., 2006; Hall et
al., 2009; Kurian et al., 2010) with some exceptions
(Nelson-Moseke et al., 2004) and a number of studies
have reported an extremely rare case of familial BC
with deleterious germline mutations in both BRCAI and
BRCA?2 genes (double heterozygosity) (Lavie etal.,2011;
Nomizu et al., 2012). The major role of BRCAI appears
to be DNA repair including homologous recombination
and nucleotide excision repair (Roy et al.,2012). BRCAI
comprises 22 coding exons spanning 80kb of genomic
DNA that encodes a 7.8kb transcript into a protein of
1,863 amino acids. Over 1,700 unique BRCAI mutations
have been reported to the Breast Cancer Information Core
Database (BIC) (Irwin, 2008). Of these mutations, 858
have been confirmed as being “clinically significant”.
The BIC reports that the most common BRCA mutations
identified are 185delAG (16.5%), 5382insC (8.8%) and
the missense mutation C61G (1.8%). In one meta-analysis,
a systematic review on the frequency and distribution of
common BRCA/land BRCA2 mutations found they were
associated with BC risk in 29 published epidemiological
studies; 20 common founder germline mutations were
identified and 4 BRCAI mutations (5382insC, 185delAG,
3819del5 and 4153delA) were found to be the most
common. The overall frequency of these mutations was
0.09,0.07,0.02 and 0.06, respectively (Wang et al.,2012).
The prevalence and phenotype of the BRCA mutation
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varies according to country and race; specific BRCAI
and BRCA2 mutations have been associated with certain
ethnic populations, and founder mutations identified in
several groups (Neuhausen,2000; Liede and Narod, 2002;
Nagy et al., 2004). However, 185delAG and 5382insC in
BRCAI and 174delT in BRCA2 are estimated in 2.5% of
the worldwide populations (Roa et al., 1996; Struewing et
al., 1997; Fodor et al., 1998) and account for 98-99% of
the identified mutations (Frank et al., 2002; Phelan et al.,
2002). While the screening for specific founder mutations
is practical in several other countries, due to a lack of
BRCA mutation data in BC patients in Iran and other racial
and geographic differences, it is not possible to apply the
data from western countries. Therefore, there is a need for
further investigation of BRCA mutations in Iran (Schwartz
et al., 2008; Balmana et al., 2010). Once a mutation is
known within a family, predictive genetic testing becomes
available. This then allows the identification of mutation
carriers with the potential for targeted screening and
intervention. These data are useful in the counseling of
individuals with a significant family history of breast
or ovarian cancer. Through the identification of women
at high risk, it is hoped that cases of breast and ovarian
cancer will be prevented. The present study attempts to
identify the most frequent BRCAI mutations in familial
breast cancer patients.

Materials and Methods

Study subjects and data collection

The samples recruited for the study comprised the
following groups. The first group was comprised of
39 patients with BC confirmed by medical tests and
pathological reports, each from a different family. The
families were from different parts of the states located in
Khorasan province and these families were not related
to each other. The second group included 29 first degree
relatives of patients. The relatives were free of BC. All
the patients included in this study were treated at the
Hematology and Oncology Ward, Emam Reza Hospital,
Mashhad, Iran. Complementary data about subjects were
collected from medical and pathological reports, and
when needed, complemented by a telephone interview. A
genetic counselor explained the aims and objectives of this
study to the patients and written informed consent sheets
were obtained from the participants. Sample collections
were carried out on the subject cases and were referred
to the pathologic laboratory between February 2010 and
February 2012.

DNA extraction and PCR analysis

Blood samples from the subjects’ brachial
vein were drawn into tubes containing 6% EDTA
(Ethylenediaminetetraacetic Acid). Genomic DNA was
extracted from 200u1 peripheral blood lymphocytes using
acommercial DNA isolation kit, AccuPrep Genomic DNA
Extraction Kit (Bioneer, South Korea) and in accordance
with the manufacturer’s protocols. After measuring the
DNA concentration and its purity by Nanodrop 2000
spectrophotometer (Thermo Scientific, USA), the genomic
DNA was diluted to a final concentration of 50 ng/ul in
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Table 1. List of Primers Used for Identification of the
5382insC Mutations in the Gene

Sequences Primer name
F-5-CAGCATGATTTTGAAGTCAGAGGAG-3" 5382insC
R-5-CGAGACGGGAATCCAAATTACAC-3"
F-5-CTCTTCGCGTTGAAGAAGTAC-3 185delAG

R-5"-GAGTGGATGGAGAACAAGGA-3
F-5"-CATAGCACCGTTGCTACCGAGT-3"251bp fragment of exon 11
R-5"-TGATGCCTCATTTGTTTGGAAGA-3"

dH,O and stored at 4°C until subsequent analysis. For
investigation of 5382insC and 185delAG mutations plus
a251bp fragment of the BRCAI gene, 330,255 and 251bp
fragments in BRCAI possibly containing mutations,
respectively, were amplified by PCR with the primer sets
described in Table 1. Although mutations are scattered
throughout the BRCAI gene, a putative 251bp coding
fragment of BRCAI was chosen for several reasons; it has
been shown that exons 11 have a significant role in protein
function and belonged to the BRCT domain of BRCAI
protein (Wu et al., 1996). Moreover, exons 11 cover a large
segment of the gene and many putative mutations have
been reported in these regions. PCR amplification was
accomplished in a thermal cycler T-Personal (Biometra,
Germany) in a final volume of 25ul. The PCR mix
contained a 2.5u1 PCR buffer 10X, 1.5mM MgCl,, 2mM
dNTPs, and 10pM from each primer, 25-50ng genomic
DNA, 1u Taq DNA polymerase (CinnaGen, Iran) and
ddH,0. PCR conditions for all fragments were 95°C for 5
min (94°C for 1 min, annealing for 30 seconds, and 72°C
for 1 min), for 33 cycles, and final extension at 72°C for
10 min. PCR conditions for all fragments were identical,
except that the annealing was at 50, 56 and 53°C for the
5382insC, 185delAG and 251bp fragments of BRCAI,
respectively. Detection of the mutations within the
amplification products of BRCAI genes was carried out
by using the single-strand conformation polymorphism
(SSCP) gel electrophoresis method (Orita et al., 1989)
as described below. The PCR-SSCP method is based
on the fact that the electrophoretic mobility of a single-
stranded molecule of DNA depends on the conformation
of analyzed DNA fragments (Rusc et al., 2007; Chu et
al.,2008). For SSCP analysis, 4uL of PCR products were
denatured by heating at 95°C for 5 min with 14u1 of SSCP
dye (95% formamide, 0.05% bromphenol blue and 0.05%
xylene cyanol) and immediately plunged into ice, for 10
min to generate heteroduplexes. Thereafter, the samples
were subjected to electrophoresis on 10% polyacrylamide
gel and were run at a constant voltage of 250 volt at 6°C for
8 hours and were visualized with silver staining according
to the Zhu et al. (2006) procedure.

Results

In the present study, we screened 68 individuals from
39 families for common polymorphisms in the BRCAI
gene. Most of the patients (83%) were affected with
ductile carcinoma. Lobular carcinoma was reported in
two patients (5.5%) and a woman had modular carcinoma
(5.5%). One case involved metastatic BC and all tumors
were unilateral. The age distribution of all patients ranged

from 23 to 72 years with a mean of 49.3 years. Out of
the 37 patients with age records, 1 patients was less than
25 years of age (2.7%), 5 patients were in the age group
of 25-40 years (13.5%) and 31 patients were above 40
years (83.8%). In the BC subjects that were analyzed in
the present study, two out of these 39 BC patients (5.1%)
and one out of 29 relatives (3.4%) were suspected to be
carriers of the 185delAG mutation. However, we detected
only one patient (2.56%) and no one from relatives group
to be carriers of the 5382insC mutation. These rates of
polymorphisms in the 251bp region of the BRCAI gene
amplified, were 2 (5.1%) and 3 (10.3%), respectively.
These mutations at mentioned fragments can’t be verified
or the type and position of these mutations cannot be
clarified until sequencing samples are obtained. Also,
in some families, both the patient and her relative had
mutations, but in the others, just one of them had mutation.
In other words, some mutation in other carriers was only
found in one individual in the family (patient or relative).

Discussion

To our knowledge, this is the first genetic study on
BRCAI gene mutations conducted in BC patients from
northeastern Iran. To date, very few reports have been
published about the spectrum of BRCAI sequence variants
in the Iranian population and several studies have
evaluated the frequency and risk associated with BC with
the selected mutations in BRCAI in other geographic
regions, except northeastern Iran. So, we are unable to
draw direct comparisons with other regional studies.
Moreover, results from these studies showed conflicting
evidence. Similar to our findings, in Tehran the mean age
of the patients was 51.3 and 20% of the patients were
under 40 years old (Mousavi et al., 2006). In another study
on 2358 cases from the Tehran cancer registry data, the
mean age of patients was 51.3 and 31.4% of them were
under 40 years old (Mousavi et al.,2008). In a recent study
to estimate familial BC prevalence in 400 patients from
24 different provinces, 28.2% of the patients were younger
than 40 years (Sabokbar et al.,2012). The first description
of the BRCAI 185delAG mutation was in a patient of
Iranian Jewish descent (Levy-Lahad et al., 1997; Bar-Sade
et al., 1998). In other studies on the BRCAI 185delAG
mutation in 50 patients with BC from the Fars province
in Iran, none of the patients had this mutation (Ghaderi et
al.,2001). In 83 early-onset BC patients under the age of
45 in Tehran BRCAI exons 2,3,5, 11, 13 and 20 mutations
were analyzed, and two BC patients had the 185delAG
mutation (2.5%) and none of the subjects had the 5382insC
mutation (Yassaee et al., 2002). Pietschmann et al. (2005)
also found no mutation in the BRCAI gene. Also, in one
investigation on 400 Iranian patients, the 5382insC
mutation carrier of the BRCAI gene were not found
whereas, two (0.5%) 185delAG mutation carriers were
found (Mehdipour et al., 2006). Fattahi et al. (2009)
investigated the frequency of 185delAG and a 5382insC
mutation in familial and sporadic cases of BC in five
southern provinces, 250 women with sporadic BC, 55
women with a familial history of BC and their first degree
relatives, and 200 healthy women formed the studied
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groups. The 5382insC or 185delAG were not detected.
Keshavarzi et al. (2012) investigated mutations of
BRCAI/2 in 85 patients from high risk Iranian families.
The entire coding sequences and each intron/exon
boundary of BRCAI/2 genes were screened by direct
sequencing. They could detect the 20 novel mutations in
BRCAI. The majority of detected variants (80%) were
located within the BRCAI gene and only four in BRCA2
(20%). However, only five pathogenic BRCAI mutations
and one pathogenic BRCA2 mutation were detected in 85
index cases and none had 185delAG and 5382insC. Saleh-
gohari et al. (2012) considered nine different mutations
of exon 2 and a partial region of exon 11 BRCAI from 30
patients, living in Kerman province. They found no carrier
of 185delAG (Saleh-gohari et al., 2012). For the BRCAI,
overall worldwide frequency of 5382insC was 0.09 (95%
CI 0.06-0.12) and the frequency of 185delAG was 0.07
(95% C10.01-0.13) (Wang et al.,2012). A low prevalence
of 5382insC and 185delAG in BRCAI has been reported
from a province of Iran ( Mehdipour et al., 2005). It founds
that penetrance or prevalence of BRCAI mutations is lower
in Iran (Pietschmann et al., 2005) and suggested that the
pattern of mutations seen in the BRCA genes among
Iranians might be different from other populations
(Mehdipour et al., 2006). This finding is not specific to
Iran as there are some differences in BC prevalent
mutations throughout the world. For example, in Iceland,
BRCAI mutations are rare and 0.4-0.6% of the Icelandic
population carries a single BRCA2 founder mutation,
999delTCAAA. The 999del5 BRCA2 founder mutation
is responsible for the vast majority of ovarian and/or BC
families caused by these genes (Johannesdottir et al., 1996;
Thorlacius et al., 1996). The ¢.5266dupC mutation is also
found in other eastern European populations particularly
in Poland (Lalloo and Evans, 2012). Another example
from this region is the high frequency of the 5382insC
BRCAI mutation as well as the presence of other common
mutations, which makes targeted screening possible in
several Eastern European countries including Russia,
Poland and Hungary (Van Der Looij et al., 2000;
Menkiszak et al., 2003; Sokolenko et al.,2007). In Norway
the BRCAI 1675delA and 1135insC mutations are
particularly common, accounting for 3% of ovarian cancer
cases and it has been suggested they could be offered in
population- based clinical testing (Dorum et al., 1999). In
Sweden, six mutations, including 3172ins5 and 1201del11
in BRCAI, accounted for 75% of mutations in a clinical
screening unit (Einbeigi et al., 2007). Finally, in Denmark,
the 2594delC mutation has been shown to account for
18% of all BRCAI mutations (Sogaard et al., 2008) and
7 mutations account for 35% of carriers. Most family
physicians believed that identifying familial cancer risk
in their patients was important, but did not feel confident
doing so (Freedman et al., 2003). Management of BC
patients with a BRCA mutation should be established
based on the clinicopathologic status as well as the results
of genetic testing. If a mutation is found in an unaffected
woman, she can be offered the intervention of prophylactic
surgery and/or more intense screening to detect the
earliest, treatable signs of the disease. For women who
are negative for a known mutation in their family, there
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is a level of reassurance that they are not at the highest
risk of developing BC. In Iran, specific screening measures
such as founder mutation detection should be implemented
because the vast majority of BC has been diagnosed in
advanced stages (Harirchi et al., 2011). Thus, health
education programs to rectify the lack of women
awareness among women about BC signs and effective
screening are urgently needed (Taghavi et al., 2012).
Identification of BRCAI germline mutations of fetal cells
from chorionic villus sampling (11" weeks) or
amniocentesis (16" week) is technically possible (Quinn
et al., 2009; Sagi et al., 2009). Therefore, these tests can
make mothers or BC susceptible women aware of
preventive approaches. It is likely that an increase in
educational level followed by awareness about cancer can
lead to early detection and treatment of the disease
(Hussain et al., 2008; Hajian-Tilaki et al., 2012). There is
evidence that BRCA/associated cancers are not inevitable
(Levin et al., 2012). Chemoprevention and prophylactic
surgery (bilateral mastectomy and bilateral salpingo-
oophorectomy) can decrease cancer risk in carriers of
BRCAI mutations (Fisher et al., 1998; Bevers, 2007; Kauff
and Barakat, 2007; Visvanathan et al., 2009; Lostumbo et
al., 2010; Goss et al., 2011). Guidelines are available to
identify individuals to consider for genetic testing for
BRCAI mutations (Daly, 2010). Genetic counseling and
genetic testing to identify BRCAI gene mutations in high
risk patients is widely available and commonly employed
in the US and Europe (Frank et al., 2002; Robson, 2007).
Nationally, physicians have a need for guidelines and
better evidence about how to manage familial cancer
susceptibility. However, studies, specifically, describing
the clinicopathologic features, stages, and age distributions
of BC in Iran are limited (Harirchi et al., 2000; 2004,
2010; Rezaianzadeh et al., 2009); thus, it is difficult to
predict the present and future patterns of BC and carry
out the most appropriate preventive and therapeutic
measures to decrease the burden of the disease in Iran
(Harirchi et al., 2004). By studying and establishing a
defined registry system, we can overcome the difficulties
and deficiencies in the patient’s history making. In
addition, given the different prevalence of this cancer in
various races, environmental agents and life styles in
different areas of Iran, at definition of localized criteria
for suitable screening will be necessary in the future
(Sabokbar et al., 2012). These mutations seem to have a
much lower frequency in Iranian BC patients and there
might be other genes that contribute more significantly to
familial breast carcinoma in this population than BRCA
or it is possible that common founder mutations remain
to be identified in some populations, because many studies
have not screened for large rearrangement mutations
(Ramus et al., 2007). A complete BRCAI gene sequence
analysis might be required for identification of specific
mutations in Iran, a country with an ethnically diverse
population (Pietschmann et al., 2005). Also, the data in
high risk BC patients without family a history of breast
or ovarian cancer did not accurately reflect the prevalence
of the BRCAI mutation in Iranian BC patients because of
the very small sample size. A large-scale multicenter study
is needed to evaluate the prevalence of BRCA mutations
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among Iranian BC patients nationwide.

In conclusion, over the past two decades, significant
advances have been made in our understanding of
cancer genetics; however, we are only now beginning
to appreciate the true role of genetic factors in cancer
susceptibility. The identification of BRCAI mutation
carriers is important in the clinical management of BC
in families with BC. It is one of the few successes of
clinical intervention for breast cancer in recent years,
and screening for BRCAI mutations is now offered
routinely in clinical practice. As further targeted therapies
are developed, it will be critically important for close
collaborations to exist between academics, pharmaceutical
companies and regulatory agencies to ensure that these
agents are used appropriately.
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