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1.INTRODUCTION 

     Breast cancer is the most common 
malignancy among women in the worldwide, 
the incidence rates are highest in the Western 
world (Martin et al., 2014, Lucian et al., 2011). 
Globally, 1.4 million new breast cancer cases 
are diagnosed each year, of whom 
approximately one-third die of the disease 
(Martin et al., 2014). Malignancies in breast 
cancer shorten the life span of the patients and 
increase the mortality rate (Abdulrahman,  
2013). Malignancy does not develop in all 
breast cancer but the majority of the patients 
are in the risk of developing malignant type 
breast cancer (Abdulrahman, 2013). 
Malignancy is associated with metastatic 
ability of breast cancer cells (Abdulrahman, 
2013). Breast cancer can be separated into 

different types based on the way the cancer 
cells look under the microscope (Gerdes et al., 
2006). Most breast cancers are carcinomas, a 
type of cancer that starts in the cells (epithelial 
cells) and the second types are 
adenocarcinoma, which is carcinoma that starts 
in glandular tissue (Gerdes et al., 2006). 
Diagnosis at the molecular level will target the 
basic mechanisms associated with disease 
development and controlling or destroying 
these target is the goal of practitioners and 
research scientists (Abdulrahman, 2013). 

 The BRCA2 is a tumor suppressor 
genes, it is located on the long (q) arm of 
chromosome 13 at position 12.3 (Serena et al., 
2012). The BRCA2 gene consists of 27 exons 
encoding a large protein includes 3,418 amino 
acids (Serena et al., 2012). The protein 
produced from the BRCA2 gene helps prevent 
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       Breast cancer affects mainly women and the leading cause of women 
fatality in the worldwide. The breast cancer is many ways sporadic and the 
hereditary types, it constitutes about 20% in many populations. BRCA2 function 
as a tumor suppressor gene and is important in maintenance of genomic 
stability through its role in DNA damage signaling and DNA repair, it is 
located on chromosome 13q12.3. In this study, 32 normal control samples and 
35 breast cancer samples that were grouped according to the types of breast 
cancer and clinical characteristics of patients, including average age were 
observed with PCR-based quantification analysis. The quantity of BRCA2 gene 
in breast cancer samples was highly significance (p > 0.00) decreased as 
compare with normal samples. In conclusion, the declined quantity of BRCA2 
gene might be a risk factor for breast cancer development. In order to 
understand relationships between BRCA2 gene and breast cancer, Further 
studies are necessary. 
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cells from growing and dividing too rapidly or 
in an uncontrolled way, and provides 
instructions for making a protein that is directly 
involved in the repair of damaged DNA 
(Serena et al., 2012). Both genes, BRCA1 and 
BRCA2 are implicated in mediating repair of 
double strand breaks by homologous 
recombination by interactions with 
RAD51(Martin et al., 2014).  

 Positive family history is one of the 
most important risk factors for developing 
breast cancer (Cassidy, 2006). It is currently 
estimated that approximately 5-10% of all 
breast cancers have a hereditary background of 
BRCA1 and BRAC2 genes (Martin et al., 2014, 
Cassidy, 2006). The BRCA2 is a major breast 
cancer predisposition gene, responsible for a 
large percentage of hereditary breast and 
ovarian cancer (Lucian et al., 2011). 

 Since BRCA2 mutated gene leading to 
breast cancer development. In this study, for 
the first time we aimed to determine the 
quantity of exon 21 in BRCA2 gene among 
breast cancer patients in Erbil province using 
PCR-based quantification and imageJ software 
analysis. 

2.MATERIALS AND METHODS 

 a. Sample collection 

 The samples were collected from 
Rizgary and Nanakali hospitals in Erbil city, 
Iraq. A total of 67 samples were analyzed. The 
study included 32 normal control samples and 
35 breast cancer samples of that were grouped 
according to the types of breast cancer (Table 
1) and the clinical characteristics of the 
patients, including average of age. The whole 
blood samples of the normal and affected 
stored at -20 until further analysis. The study 
was approved by the local ethics committee 
and was conducted in accordance with the 
guidelines of the declaration of Helsinki. 

Table 1: Total number of samples according to 
type of breast cancer and age. 

 
b. DNA extraction 

 DNA samples from whole blood of 
breast cancer patients and normal controls were 
obtained by employing extraction kit (Bioneer, 
AccuPrep Genomic DNA Extraction Kit, 
Catalog No. K- 3032, Korea) according to the 
manufacture's instruction. Quantification and 
qualification of DNA concentration was 
performed by using Nano-Drop (ND- 1000, 
USA). Sample with (A260 – A320) /(A280 – 
A320) ratios less than 1.7 and/or yields less 
than 0.5 μg DNA were excluded from 
subsequent analysis. 

c. PCR amplification 

 Polymerase chain reaction technique 
was used in this research to amplify the exon 
21 of BRCA2 gene. A pair of primers were 
designed by SDSC workbench online primer 
design program. All material in PCR reaction 
were sterilized and PCR mixture was prepared 
in the sterile cabin. PCR amplification 
(Applied Biosystem) was conducted using a 
gradient thermal cycler device (Eppendorf, 
Germany) in a 50 µL reaction mixture in PCR 
tubes containing 2µL DNA template,  25µL 
OnePCRTM (GeneDirex, Korea), 1µL forward 
primer, 1µL reverse primer and 21µL DDH2O. 
The nucleotide sequences of the forward and 
reverse primers were employed; 5’-
TTGGTTCTTTAGTTTTAGTTGCTTTTG-3’ 
and 5’- TATTCCTTCCTGTGATGGCC -3’, 
respectively. The cycling conditions consisted 
of initial denaturation at 95˚C for 5 min, 35 
cycles of denaturation 95˚C for 30 sec, 

Sample types Total 
number 

 Age 

Breast carcinomas 21 29- 48 
Breast 
adenocarcinomas 

14 33- 49 

Normal controls 32 25- 50 
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annealing at 55˚C for 30 sec, extension 72˚C 
for 30 sec, and final extension 72˚C for 5 min. 

d. Quantification and image J software 
analysis 

 Agarose gel electrophoresis is 
employed to check the efficiency of PCR 
reactions and quantification analysis. The 
samples were run in 2% agarose gel and 
stained with a compound that makes the DNA 
visible under UV light. Ethidium bromide is 
routinely utilized to stain DNA in agarose gel. 
Our DNA samples were electrophoresed under 
electric field at 100 volts and up to 30 minutes. 
In present study, the quantification of exon 21 
in BRCA2 gene by ImageJ software program 
(Version 1.46r, downloaded from 
http://imagej.nih.gov/ij), by measuring the 
integrated densities of the fragments (Yusuf et 
al., 2011) (Figure 1). The length of  the PCR 
products is 281 bps. 

 

Figure 1: The result of 2% agarose gel of exon 21 in 
BRCA2 gene. The bands were shown are quantity of 
target region of DNA sequence in breast cancer (1T, 2T, 
3T, 4T) and normal controls (1N, 2N, 3N, 4N, 5N). 
Marker (M) at the left is 100bps. 

e. Statistical analysis 

 The statistical analysis of BRCA2 
quantity was carried out using T-test, 
significance was assumed for values p ≤ 
0.05.The statistical tests were made by 
employing Graphpad prism (V.6.02) and SPSS 
(V.16) software. 
 
 

3.RESULTS AND DISCUSSION 

        In the present study, target DNA sequence 
region of BRCA2 was separated by 2%  agarose 
gel electrophoresis and staining with ethidium 

bromide. Figure 2 indicate the quantification 
results of the exon 21 in BRCA2 gene. 

 
 
Figure 2: The quantitative of DNA sequence of exon 21 
in BRCA2 gene for both normal controls and breast 
cancer samples. 
 
      PCR-based quantification analysis of 
BRCA2 gene was obtained from 35 breast 
cancer patients and 32 normal control samples. 
The agarose gel results were measured by 
ImageJ software informatics program, quantity 
of exon 21 in BRCA2 sequence of breast cancer 
samples were decreased as compare quantity of 
normal samples (p = 0.00). Statistically high 
significant found by (T-signed rank test; p > 
0.05) (Figure 2). 
       Early reports suggested that germline 
mutations in the genes BRCA1 and BRCA2 
were responsible for the majority of hereditary 
breast cancers, although more recent studies 
have demonstrated that mutations in the two 
genes only account for 25-28% of the family 
risk (Gerdes et al., 2006, Melchor and Benítez, 
2013). However, it is expected that additional 
BRCA1/2 mutations remain undetected by the 
screening methods used today (Mary et al., 
2014).  

 Previous researches, identified genetic 
defect in BRCA2 gene associated with breast 
cancer (Natl, 1999). Mary et al., (2014) and 
Martin et al., (2014) reported genetic alteration 
as mutation in both BRCA1 and BRCA2 genes 
(Martin et al., 2014, Natl, 1999). In our study, 
quantity of BRAC2 gene in breast cancer 
patients was statistically decreased relied on 
normal samples as shown in figure 2. 
Similarly, Helen and Katherine, (2015) 
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reported the decreased quantity of BRCA1 and 
BRCA2 genes in breast and ovarian cancer. 
Women carrying a BRCA1 or BRCA2 germline 
mutation also have increased risk of developing 
ovarian cancer and fallopian tube cancer (Díez 
et al., 2003, Natl, 1999). In addition, BRCA2 
mutation carriers also have increased risk of 
other cancer types such as male breast cancer, 
prostate cancer, pancreas cancer, 
gastrointestinal cancers (gall bladder, bile duct, 
and stomach), and melanoma (Díez et al., 
2003, Natl, 1999). 

 In conclusion, the decreased quantity of 
BRCA2 gene might be a risk factor for breast 
cancer development, and suggesting that 
genetic defect in BRCA2 modify individual 
susceptibility to breast cancer. In order to 
understand molecular mechanism of breast 
cancer further analysis warranted such as; 
DNA sequencing, expression analysis and 
epigenetic analysis. 
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