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Abstract  
Background: Breast cancer is the most common malignancy in Iranian women. 
Mutations in BRCA1 gene is one of the important genetic predisposing factors in 
breast cancer. This gene is a tumor suppressor that plays an important role in 
regulating the functions of RAD51 protein for strand invasion in homologous 
recombination repair.  
Methods: The BRCA1 gene has amplified in the DNA isolated from breast cancer 
patients' leukocytes, using Polymerase Chain Reaction technique. The PCR products 
have sequenced using an automated DNA sequencer and subsequently obtained 
data have aligned with the human BRCA1 DNA sequences available online.   
Results: In this study, we have considered nine different mutations on 60 examined 
chromosomes from 30 patients, living in Kerman province. A deletion of one 
adenine (c.1017delA) and insertion of one cytosine (c.969InsC) have found as the 
most frequent (20%) mutation in this survey.  A substitution of thymine for adenine 
(c.999T>A) has detected as the second common BRCA1 gene defect (6.7%). The 
other mutations have identified as single nucleotide replacement including: 
c.792A>C, c.825G>C, c.822T>A, c.1068A>G, c.969A>T and c.966T>C.  
Conclusion: The identified BRCA1 mutations were in accordance with the previous 
reports. To our knowledge, four mutations: (c.969InsC, c.792A>C, c.825G>C, 
c.822T>A) which have identified in this study, have not been previously reported in 
the literature. A larger cohort study would help identifying all relevant BRCA1 
mutations in this population.  
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Introduction 
Breast cancer is the most frequent malignancy 

among Iranian women [1] even worldwide [2]. The 
major factors that increase breast cancer risks include 
therapeutic radiation to chest in patients less than30 
years old, BRCA1 or BRCA2 mutations, and familial 
history of breast or ovarian cancer in three or more 
first-degree relatives, respectively [3]. The Minor 
important risk factors include late parity or null-
parity (age<30 yrs), early menarche (age<12 yrs) 
or late menopause (age>55 yrs), combined hormone 
replacement therapy, post-menopausal obesity, 
alcohol consumption (2 drinks per day), white race, 
breast density, and sedentary lifestyle [3].     

It has been estimated that 3-5% of breast cancers 
caused by BRCA1 or BRCA2 have inherited 
dominantly [4]. Variants in CHEK2, PTEN, TP53, ATM, 
STK11/LKB1, CDH1, NBS1, RAD50, BRIP1 and 
PALB2 genes have shown to be associated with high 

or moderate risks of breast cancer. However, a small 
part of familial hereditary breast cancers could be 
explained by these variants [5]. 

Easton and colleagues [6] have identified five 
novel breast cancer susceptibility genes that 
elucidate 3.6% of the increased risk seen in multi-
case families. The most significant association with 
increased risk of breast cancer has found in FGFR2 
(Fibroblast Growth Factor Receptor 2) gene with a 
single nucleotide polymorphism. 

The most inherited cases of breast cancer have 
associated with mutations in BRCA1 and BRCA2 
genes. The lifetime risk for breast cancer has often 
considered being between 40-85% in germ-line 
mutation (s) in each of two genes [7]. BRCA1 is a 
tumor suppressor gene, located on the long arm of 
chromosome 17 and contains 23 exons coding a 
1863 amino acid polypeptide [8].  It has observed 
that BRCA1 plays an important role in regulating the 
actions of RAD51, an essential protein for strand 
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invasion in homologous recombination repair [9]. A 
specific regulation of homologous recombination by 
BRCA1 might maintain genomic integrity and 
suppress tumor development in proliferating cells 
[10].  

So far, more than 3,400 distinct mutations, 
alterations and polymorphisms have been reported 
for both genes [11]. An updated list of BRCA1 gene 
mutations could be accessed online at Breast Cancer 
Information Core (BIC) database [12]. Knowledge of 
BRCA1 mutations have provided better identification, 
management, and genetic counselling of patients who 
have affected or predisposed to breast cancer.  

It has shown that the ratio of breast to ovarian 
cancer incidence significantly depends on the location 
of the mutation [13]. More than half of the BRCA1 
mutations have occurred in the largest coding region 
(exon 11) of the gene.  

Herein, we have investigated DNA mutations on 
exon 2 and part of exon 11 of BRCA1 gene in a 
cohort of Kerman patients suffering from breast 
cancer. This is the first study about breast cancer 
genes in Kerman, which is a vast province, 
approximately 11% of the whole country, with more 
than 2.7 million population located in south center of 
Iran (Figure 1).  

Materials and Methods 
A group of 30 patients (22 women and 8 men) 

with breast cancer have recruited from referrals of 

cancer clinic, using: family history, clinical 
examination and paraclinical tests. Most of the 
patients (83.3%) were affected with ductile 
carcinoma. Lobular carcinoma has reported in two 
patients (13.3%) and a woman had modular 
carcinoma (3.4%). The subjects have selected 
according to the National Comprehensive Cancer 
Network [14] guidelines (BRISK-1) for familial breast 
cancer (Table 1).  The isolated cases have referred 
to the genetic laboratory for BRCA1 mutation 
detection between May 2006 and February 2011. A 
genetic counsellor has explained the aims and 
objectives of this study to the patients. After 
obtaining a consent sheet, 8 ml whole blood from 
their brachial vein have drawn into tubes containing 
200 µl EDTA (Ethylene Diamine Tetra-acetic Acid). 
Genomic DNA has isolated from leukocytes of the 
whole blood using salt-saturation method as 
previously prescribed [15]. Using isolated genomic 
DNA from the patients, Polymerase Chain Reaction 
(PCR) has performed to amplify DNA fragments 
containing exon 2 and partial regions covering exon 
11 of BRCA1 gene. Primers used for amplification of 
exon 2 yielding a 443 bp product have listed in 
Table 2. Two DNA fragments of exon 11, 309 bp 
and 300 bp, have obtained using the previously 
published primer sequences [16]. 

PCR has performed using the following conditions: 
35 cycles of denaturation at 94˚C for 45s, annealing 
at the optimal temperature of each primer pair for 
30s and extension at 72˚C for 30s. PCR products 
have visualized on a 1% agarose gel and run on an 
automated DNA sequencer. The sequenced data 
have aligned with human BRCA1 DNA sequences 
available online (Gene Bank: U14680.1) and the 
results have compared to those recorded in the BIC 
database.  

Results 
In this study, isolated DNA from 30 patients (25 

women and 5 men) with breast cancer has analysed 
for detection of any mutations in exon 2 and a part 
of exon 11 in the BRCA1 gene. Between the 30 
considered patients, we have perceived; 2 patients 
with bilateral breast cancer, 3 with ovarian cancer 
previous records, and 4 who have born from 
consanguineous marriages. The average patient age 
was 51 yrs with a median age of 50 yrs. Breast 
cancer family history has reported in 36.7% of 
patients and none of the studied subjects have 
mentioned a history of other disease.  

 
Figure 1. Provincial map of Iran 
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All of the identified mutations have located within 
the amplified parts of exon 11 of BRCA1 gene 
(Table 3). No mutation has found in 16 cases 
(53.5%). Among the 28 examined chromosomes, nine 
different types of mutation have detected in 14 
patients. Three out of the nine gene defects were 
synonymous: c.999T>A, c.966T>C and c.969A>T. A 

deletion of one adenine (c.1017delA) and insertion 
of one cytosine (c.969InsC) have found to be the 
most frequent (20%) mutations in this survey (Table 
3). Substitution of thymine for adenine, c.999T>A, 
has detected as the second common BRCA1 gene 
defect (6.7%). The other mutations that have 
identified as single nucleotide replacement included: 

Table 1. National Comprehensive Cancer Network criteria for familial breast cancer  

Family History 
• Early-age-onset breast cancer 
• Two breast primaries or breast and ovarian/fallopian tube/primary peritoneal cancer in a single individual 

or two or more breast primaries or breast and ovarian/fallopian tube/primary peritoneal cancers in close 
relative(s) from the same side of family (maternal or paternal) 

• A combination of breast cancer with one or more of the following: 
Thyroid cancer, sarcoma, adrenocortical carcinoma, endometrial cancer, pancreatic cancer, brain tumors, 
diffuse gastric cancer, dermatologic manifestations or leukemia/lymphoma on the same side of family 

• Member of a family with a known mutation in a breast cancer susceptibility gene 
• Populations at risk 
• Male breast cancer 
• Ovarian/fallopian tube/primary peritoneal cancer 

 Known BRCA1/2, p53, PTEN, or other gene mutation associated with breast cancer risk 
 

Table 2. DNA primer sequences of exon 2 and part of exon 11 of BRCA1 gene  

Exon  Primer sequence PCR product size 
2 Forward: 5'-AAACCTTCCAAATCTTCAAA-3' 

Reverse: 5'-GTCTTTTCTTCCCTAGTATGT-3' 
443 bp 

11A Forward: 5'-AACACCACTGAGAAGCGTGCAG-3' 
Reverse: 5'-CTCACACAGGGGATCAGCATTC-3' 

309bp 

11B  Forward: 5'-CAACATAACAGATGGGCTGGAAG-3' 
Reverse: 5'-ACGTCCAATACATCAGCTACTTTGG-3' 

300bp 

 

Table 3. BRCA1 Gene Mutations identified in the breast cancer patients from Kerman Province, Iran 

Reference N % Amino acid Coding Nt Mutation 

– 1 3.3 p.Cys274 Ser c.822 939 TGT>AGT 

– 2 6.7 p.Thr333Thr c.999 1118 ACT>ACA 

BIC:17667 1 3.3 p.Gln356Arg c.1068 1186 CAG>CGG 

BIC: 1160 3 10 p.Lys340Stop c.1017 1135 AAG>A-G 

– 1 3.3 p.Ala322Ala c. 966 1085 GCT>GCC 

– 1 3.3 p.Gly323Gly c.969 1088 GGA>GGT 

– 1 3.3 p.Gly275Arg c. 825 942 GGG>CGG 

– 3 10 p.Gly323Stop c. 969 1088 INS C 

– 1 3.3 p.Ser264Arg c.792 909 AGT>CGT 

– 16 53.5 – – – Unknown 

– 30 100 – – – Total 

N; Number, %; Percent, Nt; Nucleotide 

 

Iranian Journal of Cancer Prevention 
212 



BRCA1 Gene Mutations in Breast Cancer Patients From… 

c.792A>C, c.825G>C, c.822T>A and c.1068A>G. 
The sequenced graph of the c.1068A>G mutation 
has shown in figure 2.  

Discussion 
This is the first report of describing mutations in the 

BRCA1 gene in Kerman population. Since hereditary 
forms of breast cancer have often seen in patients 
with bilateral involvement, early onset, and positive 
family history, these criteria have taken into 
consideration in selecting the study subjects. Breast 
cancer has multi-factorial inheritance and affect men 
less than women. Therefore, the recurrence risk in 
relatives of an affected man is higher than the 
recurrence risk in relatives of an affected woman. 
Since the BRCA1 gene consists of 23 exons which 
span more than 80kb of genomic DNA [17], then its 
mutations would be numerous and widespread. 
Therefore, mutational analysis by direct sequencing 
has limited to parts of coding regions of BRCA1 
gene.  

Breast cancer is a multi-factorial malignancy that 
results from complex interactions between a number 
of predisposing factors including the genotype in one 
or more loci and a variety of environmental 
exposures. Therefore, the disease might be resulted 
from other predisposing factors rather than mutations 
in BRCA1. Since these factors could be responsible 
for the malignancy, no mutation has found in more 
than 50% of the studied subjects in our limited work. 
Exon11contains 60% of BRCA1 coding sequence and 
we have identified all of the nine different variants, 
including 4 novel mutations (c.969InsC, c.792A>C, c. 
825G>C, c.822T>A) in this region (Table 3). 

In our study, two distinct frame-shift mutations 
have detected: an insertion of a single cytosine at 
nucleotide 1088 (c.969InsC) and a deletion of an 
adenine at nucleotide 1135 (c.1017delA). Both of 
these BRCA1 gene mutations introduce a premature 
stop codon. These mutations change amino acid 
chains by altering the reading frame of the gene. All 
of the affected subjects with these mutations were at 
high risk for familial breast cancer. Bilateral breast 
cancer involvements have observed in one out of the 
three patients with the insertion (c.969InsC) gene 
defect (Table 3). Another patient from this group has 
diagnosed with ovarian cancer at the age of 28 yrs. 
Among the patients carrying an adenine deletion, a 
man and a woman have mentioned family history of 
breast cancer. It was not surprising to find the highest 
prevalence (20%) of these frame-shift gene defects 
in our study (Table 3), since most of the BRCA1gene 
defects include premature termination codon have 
caused by out of frame deletions and insertions in the 
coding sequence [18].  The deletion of adenine 
(c.1017delA) has been previously reported by 
Pohlreichin on BIC database [12]. This mutation has 
reported from Czech Republic in 2004 for the first 
time [19]. Our finding is in accordance with the 
previous report.  

 We found three variations c.999T>A (6.7%), c. 
966T>C (3.3%) and c.969A>T (3.3%) that code for 
threonine, alanine, and glycine, respectively. These 
genetic differences do not influence the related 
protein chain and consider as neutral mutants (Table 
3).  

 Among the seven cases of this group, one patient 
was a man and two of them have mentioned family 

 

Figure 2. Substitution of Adenine to Guanine at Nucleotide 1186 in exon 11 of BRCA1 Gene 
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history of breast cancer. The c.999T>A variation was 
the second most frequent mutation in our study. These 
variations have classified as clinically benign 
synonymous sequence variants because allelic 
frequency data from population studies have not 
currently been available [20].  

In one patient whose breast cancer has diagnosed 
at the age of 41, we have identified a missense 
mutation (c.1068A>G) that results in a p.Gln356Arg 
amino acid change. The c.1068A>G mutation has 
been previously reported in several patients by 
DiCioccio and colleagues at BIC database [12]. This 
is a common gene defect in European and American 
populations. A missense mutation (c. 825G>C) that 
causes a p.Gly275Arg amino acid change has 
identified in a patient who was affected with breast 
cancer. Her sister has diagnosed with breast cancer 
in her late 40 s. The affected men with the breast 
cancer were carriers of two different novel missense 
mutations in the BRCA1 gene (c.792A>C and 
c.822T>A) that result in p.Ser264Arg and p.Cys274 
Ser amino acid changes, respectively. Breast cancer 
in males is very rare and has reported in less than 
1% of all cancers in men [21] then they have 
diagnosed at the later-stage of the disease in 
comparison to women. 

In conclusion, although we have found a few novel 
mutations in BRCA1 gene in Kerman population, none 
of the detected gene defects have reported in other 
provinces of Iran. However, some of detected 
mutations have been previously reported in patients 
from other parts of the world. This study is not 
sufficient to show all probable mutations in the genes 
which involved in breast cancer or even in the BRCA1 
gene in Kerman; thus, a large cohort study would 
facilitate in identifying all relevant BRCA1 or BRCA2 
mutations in this population.  
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