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Summary  

   The current study was conducted to compared the genetic polymorphisms of 

ABCG2, ABCB1, BRCA1, ER-α, and miRNA-152 genes between breast cancer patients 

(BC) and control individuals, and determined some cytogenetic changes of breast 

cancer tissues, and compare it with normal tissues. One-hundred seventeen of blood 

specimens were collected from participants attended AL-Sadder Teaching Hospital 

and AL-Shifaa Tumor Treatment Center in Maysan province. The study period was 

from 3rd  of September 2020 to 15th of September 2021. RFLP-PCR, PCR-RAPD-PCR 

technique (utilize for the first time), nucleotide sequencing and gene expression 

measuring were used  to study genetic polymorphisms. In this study a specific primers 

(ABCG2, ABCB1, BRCA1, ER-α, and mi-RNA 152 primers), two types of restriction 

enzymes (MboI, EcoRI) in RFLP technique, four RAPD primers (OPAA11, OPU15, 

OPAA17, and OPD18) in PCR-RAPD-PCR technique were used. Regarding 

cytogenetic study, four types of flourescent stains (DAPI, DCFH-DA, Mito-Sox, and 

Mito-Tracker) were used to determine the reactive oxygen species (ROS), 

mitochondrial dysfunction and the relationship of genetic mutations to ROS in the 

tissues of  BC patients and their comparison with normal participants. The study was 

done in the Genetic Engineering laboratory at of the Department of Biology, College 

of Science, University of  Misan, with the aim of extracting DNA from all blood 

samples and amplification by using polymerase chain reaction (PCR) technique, and 

use  their  products as template for study the genetic polymorphisms by PCR 

techniques and nucleotide sequencing via Macrogen Korea company to analyze the 

sequences of nitrogenous bases. All results were analyzed by Chi-square test.   

In RFLP-PCR technique the results of the statistical analysis of  BC  genotypes by 

using X2 (HWE) show there were differences from the Hardy-Weinberg equilibrium in  

ABCG2, ABCB1 genotypes of  BC patients compared to the healthy peoples, and the 

genotypes of  BRCA1 shows  somewhat similarity in the BC patients and healthy 

controls.  There were statistically significant differences in the distribution of alleles 

(C, T) for ABCG2, ABCB1 between the BC patients and the control group; without 
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statistical significant differences in the distribution of alleles(C, T) for the BRCA1 gene 

between two groups. The statistical analysis figured significant differences in the 

genotypes of  ABCG2,  ABCB1  (p <0.05) between BC females and control at CC, CT 

genotypes. Besides, the findings documented no significant differences in the 

genotypes of  the  BRCA1 (TT, TC, CC) (P >0.05) between the BC patients and the 

control. There were statistically significant differences in the distribution of the 

dominant model for ABCG2 and ABCB1 genes between the BC patients and the 

control group; with no statistical association in the distribution of the recessive model, 

and no statistically significant differences in the distribution of the dominant model 

and recessive model of the BRCA1 gene were observed.  

In relation to the PCR-RAPD-PCR  technique, our findings revealed the total number 

of ABCG2, ABCB1, BRCA1, ER-α, and miRNA 152 bands were higher in the patient's 

group than the other group, with significant differences (P <0.05) between two groups 

in a total of the polymorphic, unique and monomorphic band of ER-α, mi-RNA-152, 

and no significant differences (P >0.05) in ABCG2, ABCB1, BRCA1. The molecular 

weight (band size) is (20-30) bp of the polymerization of the OPD18 of the ABCG2 

gene, OPAA 17 of ABCB1 gene, OPAA 17 of the  BRCA1 gene, whereas OPAA11 in 

the ER-α gene showed bands with a molecular weight (40-50) bp, OPAA17 and 

OPD18 in the mi-RNA-152 gene showed bands with molecular weight (20-40) bp.  

These bands appeared in the BC group and did not appear in the healthy group, which  

is a positive indicator, and thus the primers can be nominate to be a distinctive 

indicator of  BC at the level of the RAPD indicators. Therefore, these primers can be 

adopted to distinguish BC genetically at the molecular level. 

Regarding nucleotide sequencing of the ABCG2 gene, there are 11 new genetic 

mutations (SNPs) were obtained, 6/11 (G71T), (T141C), (T148C), (G150C), (T169C), 

(G172C)  were non-synonymous mutations that caused changes in the structure of the 

three-dimensional protein as a result of changing amino acids in BC patients and three 

of which (G38A), (G2559C), (G96428A) are synonymous mutations, two of which 

(163 GDel), (167 ADel) are frameshift mutations. The nucleotide sequencing of the 
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ABCB1 gene figured eight genetic mutations, six of which (G55C), (T59G), (C89A), 

(C90G), (A113C), (A139T) are non-synonymous, two (C153T), (C323T) are 

synonymous mutations. The BRCA1 gene sequencing documented three genetic 

mutations, 3 of which (C213T, T248C, T261C) are a non-synonymous mutations.The 

nucleotide sequencing of the ER-α gene revealed  that six genetic mutations, 4/6  of 

which (C114T), (C244G), ( C344G), (C424T) are synonymous mutations, 1/ 6  which 

(T440C) is non-synonymous mutation, 1/6 (454 ADel) is frameshift mutation. 

In the cytogenetic section the reaction to DAPI, DCFH-DA, Mito-Sox, and Mito-

Tracker increased and expressed in the BC tissues compared with normal tissue due to 

increased ROS production, defect of mitochondria function and structure, besides, 

genetic mutations.  
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1. Introduction  

   Breast cancer is the most common type of cancer in women and the second 

leading cause of death from cancer in some countries (Testa‎ et al, 2020). About 

5% to10 % of BC is inherited, whereas 90% to 95% is sporadic, this revealed 

randomly not predetermined genetically (Antoniou et al., 2003; Al Hannan et 

al., 2019; Sabra et al., 2020).  

   At the molecular level, BC is a heterogeneous disease, characterized by high 

genetic instability evidenced by somatic genetic mutations, copy number 

alterations, chromosome structural rearrangements, defects in DNA damage 

repair, transcription, and DNA replication (Testa‎ et al., 2020). The process of 

developing this cancer involve multiple cellular activities and signaling 

pathways (Kim et al., 2018; Karaayvaz et al., 2018; Pei et al., 2020).  

    Genetic counseling has become an important tool for the health care system 

which provide information and support to families at risk of developing a 

genetic disorder (Silva, 2019). 

   The genetic polymorphism or variation in DNA can affect susceptibility to 

diseases, and future  response to the anticancer agents (Sukhumsirichart, 2018). 

The tumor cells or tissues contain the nucleic acids, besides, many proteins, thus 

the central dogma of molecular biology show that these proteins are associated 

with nucleic acids. Therefore, proteins are another important can predict the 

occurrence of cancer. Similarly, protein as an important biomarker make a great 

contribution to the diagnosis of BC (He et al., 2020). 

   The genetic variations are important predictors for breast cancer risk (Wen et 

al., 2016), contribute to the development of chemotherapy (Daniyal et al., 

2021), and play role in influencing protein expression (Šarmanová et al., 2004). 

Therefore, the prediction of disease for individuals through the use of genetic 
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information and genetic profiling tests can play role in cancer management 

(George et al., 2016; Tokunaga et al., 2021). 

   The malignant transformation of cells involves multiple genes that act with 

lifestyle, and several environmental factors (Sas-Korczyriska et al., 2017; 

Mampunye, 2020). The BC development of  breast is subject to several genetic 

factors such as cumulative mutations of different genes (Xie, 2020), including  

ABCG2, ABCB1, BRCA1, ER-α, and miRNA-152. The overexpression of ABC 

transporters affect resistance to chemotherapy (Manandhar et al., 2017;  Nayak et al., 

2020). The BRCA1 is cause inherited mutations and a high risk of BC (Huo et al., 

2021), and associated with many cellular processes including genomic stability, cell 

cycle checkpoint, DNA damage repair, and apoptosis (Meshram, 2019). ER-α 

receptor superfamily play a major function in cancer development and progression, it 

is stimulate proliferation and differentiation of mammary epithelial tissue through 

combining with estrogen (Kalinina et al., 2021). Therefore, ER-α is involve in breast 

carcinogenesis by increased gene expression (Shah et al., 2014; Kalinina et al., 

2021). The Mi-RNA 152 gene has the main function in regulating biological processes 

such as differentiation, apoptosis, and miR-152 may be involve in chemoresistance 

(Safi et al., 2021).  

   According to the previously mentioned information and due to lack of studies 

in Iraq about the genetic polymorphism of genes that related to BC, the current 

study aimed to shed light on the axes the following: 

1- Identification of a number of genes (ABCG2, ABCB1, BRCA1, ER-α, and 

miRNA-152) which are directly or inversely relate to the growth and 

development of  BC. 

2- Determination of genetic polymorphisms of the identified genes. 

3- Analysis of genetic variation and 3D protein of the selected genes using 

bioinformatics programs which is depending on gene sequencing  . 
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4- Determination of cytogenetic alterations as chromosome condensed, the 

shape of mitochondria, and produced ROS in the tissues of BC using 

fluorescent microscopy. 

5- Determination relationship between genetic mutations and cytogenetic  

    alterations in BC patients.  
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2- Literature Review 

2-1: Cancer  

   The term "cancer" is currently used for a collection of diseases characterized by 

abnormal and uncontrolled cellular growth caused primarily by genetic mutations 

(Stratton, 2011; Martínez-Jiménez et al., 2020). The genetic changes (mutations) in 

genes that control cell growth and division can be hereditary (germline changes) or 

caused by exposure to environmental toxins during an individual's lifetime (Somatic 

changes) (Hanahan and Weinberg, 2011; Nyqvist et al., 2020).     

   Generally, cancer cells are developed from normal cells due to damage of DNA,  most 

of the time whenever DNA is damaged, the body is able to repair it, unfortunately, in 

cancer cells damaged DNA is not repaired, these damaged cells ignore the normal 

signals for a cell to stop dividing and avoid programmed cell death (apoptosis). Humans 

can also inherit damaged DNA from parents, which accounts for inherited cancers 

(Sudhakar, 2009; Chandira et al., 2019). Detection and repair of DNA damage by repair 

mechanisms play an important role in preventing carcinogenesis, maintaining genome 

integrity and protecting against mutations (Shadrina et al., 2016). 

   Cancer progression can be summarized across four different steps as follows: cancer 

initiation, tumor propagation, metastasis to distant organs, and resistance to 

chemotherapy (Lytle et al., 2018; Colaprico et al., 2020).  

   The four main genetic drivers of cancer include tumor suppressor genes (inhibit cell 

growth and division), proto-oncogenes (stimulate cell growth and division), DNA repair 

genes (fix damaged DNA) (Hanahan and Weinberg, 2011; ‎ Nyqvist et al., 2020) and 

genes for apoptosis (Kiraz et al., 2016). Cancer progression is accelerated by the 

accumulation of genomic abnormalities to two different categories of cancer driver 

genes, oncogenes or tumor suppressors (Vogelstein et al., 2013; Colaprico et al., 2020).    
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2-2: Breast cancer  

   Breast cancer (BC) is the most common cancer  in women around the world, accounts 

for 15% of cancer deaths among women, which is the leading cause of mortality in  

females worldwide (Jin, 2020).  It occur in both gender, although male BC is very rare 

(Rodney,  2003; Chandira et al., 2019). It is sporadic in more than 90% of cases and 

inheritance in a bout 5-10% (Antoniou et al., 2003; Al Hannan et al., 2019; Sabra et al., 

2020).  

    In Iraq, BC is the commonest pattern of female malignancy accounting for one-third 

of the registered female cancers according to the Iraqi Cancer Registry Board in 2004 

(Mohammed, 2011; Ismaeel, 2013).  

   The mechanisms underlying breast carcinogenesis are not completely understood,  but 

various factors are define for the disease, including induction of DNA damage by 

endogenous or exogenous agents (Shadrina et al., 2016), failure in repairing damage in 

the chemical structure of DNA play an important role in cancer progression (AlMutairi 

et al., 2015). 

2-2-1: Etiology of breast cancer  

    The initiation of breast BC remain unknown but a woman's probabilities of 

developing mammary malignancy are associate with a broad range of risk factors (Torre 

et al., 2015). There are many risk factors including: 

 Environmental factors play a major role in the development and survivability of 

certain cancers including BC (Tweed et al., 2018; Riba et al., 2019).  

 Income and education are the major issues in the delineation of mortality of BC 

(Lundqvist et al., 2016; Newman, 2017; Coughlin, 2019).  
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  Family history of BC in close relatives especially mothers and siblings increase the 

risk of developing the BC. Approximately 5% are inherited by faulty genes, usually  

BRCA1 or BRCA2 (Adebayo et al., 2019). 

  The extent and duration of exposure to sex hormones have been consistently 

identified as risk factor include endogenous sex hormones relate to the menstrual 

cycle, as well as exogenous hormones derive from contraceptives (CCP), hormone 

replacement therapy (HRT) and diet (Tan, 2015).  

 Alcoholic drinkings associate with the risk of cancers (Dumitrescu and Shields, 

2005). At the molecular level, alterations of the cell cycle leading to 

hyperproliferation, modulation of cellular regeneration or induction of cytochrome 

P-450 leading to the generation of reactive oxygen species (ROS) that may explain 

the association between alcohol intake and increased BC risk (Mahmoud, 2016). 

 Smoking increases the risk of various types of cancer, chemical carcinogens in 

tobacco smoke can cause mammary tumors, metabolites of tobacco smoke have 

been created in the breast fluid or tissues of smokers. Thus, it is biologically  

plausible that exposure to tobacco smoke (Kori, 2018). 

  Breast cancer increases with age, thus half of the women diagnosed annually being 

aged 61 and older (Adebayo et al., 2019). 

 Obesity can increase the risk for developing BC due to higher levels of endogenous 

estrogen in obese women because adipose tissue is an important source of estrogen 

(Howell et al., 2014). BC rates are increase slightly from 2006 to 2015, and this 

change is attributed to the prevalence of obesity and lower parity among women 

(Cronin et al., 2018). 

 Lack of exercise can be associated with an increasing risk of BC, whereas some 

research show a link between regular exercise at a moderate or intense level for 4 to 

7 hours per week and a lower risk of BC (Kori, 2018).  
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  Certain non-cancer breast problems can be increase the risk of BC, like benign 

breast conditions, for example fibroadenomas, hyperplasia, adenosis, phyllodes 

tumors, papillomas, duct ectasia, and granular cell tumors (Kori, 2018). 

 

  Oxidative reaction and reactive oxygen species (ROS) that are naturally present 

within the cell can develop a hereditary diseases and sporadic cancer, inherently 

predisposed reaction of DNA damage due to extrinsic and intrinsic factor (Perrone et 

al., 2016).  

2-3: Genetics basis of breast cancer   

   The gene is referred to as the molecular unit of heredity, the organisms inherit their 

complete set of genes through reproduction. Mutations occurring in gene sequence lead 

to the different variants of the same gene. Variations of a gene are called alleles. Alleles 

may produce variations of trait inside a population. Alleles are either dominant or 

recessive, the dominant allele is common in nature and is called as the wild type. The 

recessive allele is comparatively rare and is called the mutant type (Panawala, 2017). 

   Several genes are found related to BC (Sun et al., 2017). The susceptible genes are 

critical risk factors for both hereditary and sporadic BC. The incidence of carcinoma for 

carriers with mutated related genes might increase in comparison with that of the 

normal population. Therefore, the development of breast cancer is usually attributed to 

the accumulative  mutations of several genes (Xie, 2020). 

2-3-1: Gene expression  

   Gene expression (GE) is the synthesis of a functional gene product using the 

information provided by DNA (Perdew et al., 2006; Singh et al., 2018), Ribonucleic 

acid (RNA) is synthesized from DNA through the process of transcription, and it is a 

part of the process of GE (Koleck and Conley, 2016; Singh et al., 2018). In addition, 



Chapter two                                                                                 Literature Review 
 

 
8 

proteins are the final products of gene expression, which determine the phenotypes and 

biological processes (Narrandes and Xu, 2018). Cancer is a genetic disease where 

genetic variations cause abnormally functioning genes that appear to alter GE 

(Narrandes and Xu, 2018).  

   The protein formation of the GE involve four main steps includings: transcription, 

RNA splicing, translation and post translational modification (Watson et al., 2014), as 

shown in figure (2-1). Transcription is controlle by transcription factors, epigenetic 

marks and chromatin topology (Koch, 2015); mRNA processing is control by splicing, 

poly adenylation and modifications, while transport and degradation are regulate by 

RNA-binding  proteins, and non-coding RNAs (Hentze et al., 2018).   

   The organism responds to changes in its cells, and the differences among populations 

could be explain by small changes in the regulatory mechanisms associate with 

alterations in GE (Koleck and Conley, 2016; Singh et al., 2018). Therefore, detecting 

GE levels can be using for cancer diagnosis, prognosis, and management prediction at 

clinical setting (Narrandes and Xu, 2018). 

    Many methods have been standardized to identify the variation in GE, including 

genetic sequencing. GE analyses are beneficial in determining the prognosis and 

selection of therapy for early-stage BC, and the purpose is to provide maximum benefit 

with minimum side effects (Güler, 2017). 
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2-3-2: Genetic mutation  

   Preserving genomic sequence information in living organisms is important for the 

perpetuation of life. It is known that DNA, the basic unit of inheritance, is highly  

susceptible to chemical modifications by endogenous and exogenous agents (Wolters 

and Schumacher, 2013; Chatterjee and Walker, 2017). DNA mutagenesis occurs 

spontaneously in nature or as a result of mutagens (agents with a predisposition to alter 

DNA). However, it can lead to cancers and heritable diseases (Zhang and Vijg, 2018). 

Mutagenesis occur as a result of endogenous and exogenous causes (Durland and 

Ahmadian-Moghadam, 2021), as shown in diagram (2-1). There are many molecular 

genetic techniques such as polymerase chain reaction (PCR) have revolutionized how 

mutations are obtained and studied (Zhang and Vijg, 2018).  

 There are various types of mutations, such as silent, missense, nonsense, and frameshift 

mutations: 

Figure (2-1)  Showing general steps of gene expression (Pevsner, 2009; Lahti, 2011) 
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1. A Silent mutation is a nucleotide substitution that codes for the same amino 

acids. Therefore, there is no changes in the amino acid sequence or protein 

function (Ribeil et al., 2017).  

2. A missense mutation is when a nucleotide substitution results in an amino acid 

change. Missense mutations have variable effects but can lead to a decreased or 

altered protein function (Ribeil et al., 2017). 

3. A  nonsense mutations are when a nucleotide substitution results in a new stop 

codon, which includes UGA, UAA, and UAG. The protein products are truncated 

and frequently non-functional (McHugh et al., 2018).  

4. A frameshift mutation occurs due to the addition or deletion of nucleotides not 

divisible by 3 bases, resulting in the misreading of the downstream nucleotides. 

These proteins may be shorter or longer, and protein function may be disrupted or 

altered (Tabebordbar et al., 2016). 
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Diagram (2-1) Schematic illustration of causes of mutations (Durland and   

Ahmadian-Moghadam, 2021)  
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2-3-3: Genetic polymorphism  

   DNA polymorphisms are the different DNA sequences among individuals, groups, or 

populations. Polymorphism at the DNA level includes a wide range of variations from 

single base pair change, many base pairs, and repeated sequences (Buckingham, 2012; 

Teama, 2018), insertions, deletions, and recombination (Ismail and Essawi, 2012).  

   Genetic polymorphism is the existence of at least two variants with respect to gene 

sequences, chromosome structure, or phenotype (gene sequences and chromosomal 

variants are seen at the frequency of 1% or higher). The human genome comprises 6 

billion nucleotides of DNA packaged into two sets of 23 chromosomes, one set 

inherited from each parent. The probability of polymorphism DNA in humans is great 

due to the relatively large size of the human genome (Buckingham, 2012; Teama,  

2018). Genetic polymorphisms may be the result of chance processes or may have been 

induced by external agents such as radiation and other factors (Ismail and Essawi, 

2012).      

2-3-3-1: The most common polymorphism in humans 

   There are  two types of genetic polymorphisms includes : 

2-3-3-1-1: Single nucleotide polymorphisms (SNPs) 

   Genetic differences are a major source of diseases in human being like cancers, SNPs 

have a significant impact on the formation and proliferation of cancers such as BC 

(Ghosh et al., 2021).  

   A single nucleotide polymorphism is a genetic substitution of a base pair at a single 

position of the genome, as shown in figure (2-2). SNPs are a common phenomenon and 

influence mRNA expression. They are extensively studied to distinguish genetic 
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expression and protein synthesis (Ghosh et al., 2021). Single nucleotide polymorphisms 

in DNA repair genes may change the effects of DNA repair and protein function and 

additionally may affect the development of various cancers including BC (Patrono et 

al., 2014). 

 

 

 

 

Figure (2-2) Single nucleotide polymorphism for two alleles (AL-Koofee and Mubarak, 
2019) 

                                                                                     

2-3-3-1-1-1 : Effects of SNPs location  

   SNPs are located in different regions of genes as promoters, exons, introns as well as 

5′ and 3′ UTRs. Therefore, alterations in GE and their effect on cancer susceptibility 

vary depending on the location of the SNPs: 

  The SNPs of the promoter region affect GE by altering promoter activity, 

transcription factor binding, DNA methylation and histone modifications (Schirmer 

et al., 2016; He et al., 2016). 

 The exonal SNPs are affecting cancer susceptibility by suppressing gene 

transcription and translation (Fang et al., 2014; Deng et al., 2017). 

 SNPs in intron regions generate splice variants of transcripts and promote or disrupt 

binding and function of long non-coding RNAs (lncRNAs) (Xiong et al., 2015).  

 SNPs in the 5′-UTR affect translation, whereas SNPs in the 3′-UTR affect 

microRNA (miRNA) binding  (Xu et al., 2014). 
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 SNPs are in non-coding regions of gene, or in the intergenic regions may affect gene 

splicing (SNPs at intron region), transcription factor binding (SNPs at 5′ untranslated 

region), messenger RNA degradation, or the sequence of non-coding RNA 

(Sukhumsirichart, 2018). 

 The type of  SNPs located upstream or downstream from the gene that affects gene 

expression is refer to an expression SNP (eSNP) (Sukhumsirichart, 2018), as shown 

in figure (2-3), diagram (2-2). 

 

 

 

 

       

         

2-3-3-1-1-2: Types of SNPs in exons 

   The SNPs may fall within coding sequence of gene, or non-coding region, or in the 

intergenic region (regions between genes). The SNPs in the coding region of the gene 

are divided into two types: synonymous and nonsynonymous SNPs (Sukhumsirichart, 

2018), as shown in diagram (2-2). 

The effect of SNPs on the translation process is as follows: 

1- Synonymous cSNPs do not alter the amino acid sequence of the encoded protein. 

Recently, several studies showed that synonymous cSNPs affect gene function by 

changing the expression of neighboring genes, messenger RNA (mRNA) splicing, 

and protein folding. A synonymous SNP in multidrug transporter (MDR1) gene alter 

Figure (2-3) Structure of gene and SNP location  (Sukhumsirichart, 2018) 
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the expression of the critical drug transport protein (P-glycoprotein), and this affect 

its expression and function thereby impacting drug resistance (Koehn et al., 2008; 

Deng et al., 2017).  

 

2- The nonsynonymous SNPs are divided into two types: 

 A missense SNP is single nucleotides change  results in a codon that codes for a 

different amino acid, resulting in protein non-function (Deng et al., 2017). 

 Nonsense SNP is a point mutation sequence of DNA that changes to a stop 

codon results in a non functional protein product. Alterations in the amino acid 

sequences can alter the secondary structure of the proteins by increasing or 

decreasing hydrogen bonding and phosphorylation, which affects protein 

interactions and functions. As a consequence, these changes alter cell signaling 

pathways as well as the level of oncogenic and tumor suppressor proteins (Deng 

et al., 2017). 

 

    More than 13,000 known SNPs are in exons of various genes, of which 58% are non-

synonymous cSNPs (Tennessen et al., 2012; Deng et al., 2017). Non-synonymous 

SNPs influence cancer susceptibility due to changes in the structure and function of the 

encoded proteins (Deng et al., 2017). 
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Diagram  (2-2)  Schematic illustration of SNPs regions and types of SNPs 

(Sukhumsirichart, 2018), and types of SNPs  (Deng et al., 2017).  

 

2-3-3-1-2:  Insertion /deletion polymorphism  

   Insertions and deletions (Indels) are addition or deletions of one or more nucleotides 

in  DNA sequence. Indels are highly abundant in human genomes, second only to single 

nucleotide polymorphisms (SNPs), and make up 15-21% of human polymorphisms 

(Mullaney et al., 2010; Lin et al., 2017). Many studies have demonstrated the role of 

indels in the development of a number of cancers including breast (Ye et al., 2016; Lin 

et al., 2017).     

 

 

 SNPs 

Promoter Exons  Introns UTRs Non definite 

regions 

Non –synonymous 

cSNPs 

Synonymous 

cSNPs 
5′-UTRs 3′- UTRs 

Silent SNPs missense 

SNP 

Nonsense 

SNP   



Chapter two                                                                                 Literature Review 
 

 
17 

2-3-4: Techniques for  study and determining genetic polymorphism:     

  2-3-4-1: Restriction fragment length polymorphism (RFLP) 

    RFLP is discovered in 1984 by the English scientist "Alec Jeffreys" while working 

on area of hereditary diseases. RFLP is a molecular biology tool that reveals the 

difference between samples of homologous DNA molecules from differing locations of 

restriction enzymes sites (Chaudhary and  Maurya, 2019). PCR-RFLP is perhaps the 

simplest method for detection of known mutations in cancer related genes and for 

genotyping a wide range of other human diseases. However, its application can be 

detect mutant alleles that are present in more than 5-10% of wild-type alleles (Liu et al 

., 2003). 

   In this technique, the DNA sample is digested by many specific restriction enzymes 

which cut at specific sites on DNA, as shown in diagram (2-3). In RFLP, the length of 

restriction fragments of a certain type of restriction enzyme differs between individual 

organisms and species which helps to identify and study genetic polymorphisms as well 

as inter and intra specific variations. It help in analysis of genes involved in genetic or 

hereditary diseases among family members, detection of the mutated gene, it can be 

using in the analysis of genetic diversity in populations, and the identification of single 

nucleotide polymorphisms (SNPs) (Chaudhary and Maurya, 2019).  
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Diagram (2-3) Schematic illustration of some types of restriction enzymes and target 

sequence in PCR-RFLP: MboI (Pingoud et al., 2005);  EcoRI (Senthilkumar et al., 

2016). 

2-3-4-2: Random amplified polymorphic DNA (RAPD) 

  RAPD is a PCR based technique for identifying genetic variation. The randomly 

amplified polymorphic DNA (RAPD) was developed independently by Williams  

(Williams et al., 1990), and by Welsh and McClelland (Welsh and  McClelland, 1990). 

The technique was developed independently by two different laboratories and called 

RAPD and AP-PCR (Arbitrary primed PCR), respectively. It is a commonly used 

molecular marker in genetic diversity studies and determining genetic variation 

                                             Restriction enzymes    

EcoRI Mbo I 

Organism from which derived 

Moraxella bovis  Escherichia coli RY 13 

      Target sequence  ( cut at*)  

                     5 -->3  

G *AATTC           * GATC 
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(Rahiman et al., 2015). RAPD-PCR analysis has been use as a means for identifying 

and investigating genetic instabilities associate with human tumors development and 

revealed frequent occurrence of genetic polymorphisms in various types of tumors such 

as BC (Papadopoulos et al., 2002; Ismaeel, 2013). 

   RAPD-PCR involve the use of a single arbitrary primer in a PCR reaction, resulting in 

the amplification of many discrete DNA products. The standard RAPD technique uses 

short synthetic oligonucleotides (10 bases long) of random sequences as primers to 

amplify nanogram amounts of total genomic DNA under low annealing temperatures by 

polymerase chain reaction (PCR) (Rahiman et al., 2015).  

2-3-4-3: DNA sequencing  

   DNA sequencing is the process of determining the number and order of nucleotides 

within a DNA molecule (Fernandez-Cadenas et al., 2003; Bamanga et al., 2018), as 

shown in figure (2-4).  

There are two methods for detection of DNA sequencing:  

 Maxam Gilbert sequencing is a chemical method that chemically modifies the DNA 

nucleotides and subsequently cleave the DNA backbone at the sites neighboring to 

the modified nucleotides. As a results to technical complexity and the use of 

hazardous chemicals, and this method is not currently use for standard molecular 

biology (Haldar, 2019). 

 Sanger sequencing is the method of  DNA sequencing in which dideoxynucleotide 

phosphates (ddNTPs) are incorporated by DNA polymerase during in vitro DNA 

replication. Modified ddNTPs terminate DNA strand elongation since they lack a 3′-

OH group require for the formation of a phosphodiester bond between two 

nucleotides, causing DNA polymerase to stop the extension of DNA. This technique 
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is known as dye terminator sequencing. Each of the four ddNTPs (where N = 

A/T/G/C) is label with fluorescent dyes that emit light at different wavelengths. 

Therefore, can be capture in the form of colored peaks called a chromatogram 

(Haldar, 2019). 

    The importance of DNA sequencing can be see in the determination of the causes of 

diseases. For example, some human diseases can be caused by a silent mutation at a 

splice site which implies that the resulting amino acid translated and coded for the same 

but the spliceosome does not recognise the splice site because the nucleotide has 

changed on the DNA (Fernandez-Cadenas  et al., 2003; Bamanga et al., 2018 ). A point 

mutation can also be detect by using DNA sequencing methods to determine the genetic 

implications of other diseases (Bao et al., 1996; Mahdieh and Rabbani, 2013 ). The 

missense and nonsense mutation was identified using the DNA sequencing methods 

(Sparrow et al., 2003). Finally, genomic sequencing data help to predict the chance of 

genetic risk in human diseases and helps to take preventive strategies, and assess to 

decide on which therapeutic decisions should take in the management of diseases 

(Lokuge and Ganegoda, 2018). 

 

 

    

 

 

Figure (2-4) Showing an example for mutation was found in human cancer using 

Sanger sequencing ( Behjati and Tarpey,  2013). 
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 2-3-4-3-1: Bioinformatics methods  

   Bioinformatics is the use of computers, mathematics, and statistics in molecular 

biology to analyze big quantities of biological data quickly, freely and accurately (Dorn 

et al., 2014). Bioinformatics refer to the field which deal with the collection and storage 

of biological information. All matter which is concerned with biological databases is 

termed as bioinformatics (Rana and Vaisla, 2012; Thapar, 2018). Bioinformatics as a 

science has developed to meet computational challenges related to the analyses of large 

amounts of data generated by DNA sequencing technique (Harris et al., 2016), as 

shown in figure (2-5). Sequence analysis is referred to understanding various 

constituents of a biomolecule such as DNA, RNA, and proteins which give them their 

characteristic function (Mehmood et al., 2014).  

 

                                                        

 

 

 

 

 

Figure (2-5) Bioinformatics is the application of techniques from computer science to 

the problems from Biology (Lopresti, 2008). 

Depending upon the feature to be used, various tools have been develop. The tools and 

and databases of bioinformatics that are the backbone of genetic and proteomic research 
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can be classify (Thapar, 2018), as shown in diagram (2-4). 

 

 

 

 

 

           

Diagram (2-4)  Schematic illustration of tools used in Bioinformatics (Thapar, 2018)   

  

2-3-4-3-1-1: Genetic prediction   

   Gene prediction defines the process of identifying regions of genomic DNA that 

contain genes. These genes may be of different variety such as protein coding genes, 

RNA genes and may also contain genes performing other functions such as regulatory 

genes (Mathé et al., 2002). It s a complex process involve mathematical modeling of 

sites instrumental in classifying gene in a  DNA sequence. Both the contents i.e. site 

essential to identifying genes and mathematical model to represent those sites 

accurately are important in gene prediction (Shah et al., 2013).  

    Predicting genes from DNA sequence is a challenging task in genomics,  predicting 

genes provide many insightful hints regarding genes as deducing the protein products 

code, tracing hereditary, and detecting genetic malfunctioning (Shah et al., 2013). DNA  

in a gene control the sequence of nucleotide in an RNA molecule that controls the 

structure of protein (Pevsner, 2009).  

Tools of Bioinformatics 

Tools for phylogenetic 

analysis 

Tools for primary 

sequence analysis 

Tools for structure-

function analysis of 

proteins 
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 2-3-4-3-1-2: Three-dimensional protein (3 D) 

   The protein are present in all living systems, performing a variety of fundamental 

functions. The nature of a function performed by a certain protein is strictly related to 

its adopted conformation or folding. The folding of an amino acid sequence is further 

restricted by several types of non covalent bonds originated by interactions between 

different parts of the amino acid chain, these forces involve atoms in the polypeptide 

backbone as well as atoms located in the amino acid side chains (Consortium et al., 

2015; De Lima Corrêa et al., 2018). 

   The prediction of the three-dimensional (3D) structure of proteins or polypeptides is 

one of the most important and challenging problems in structural bioinformatics (Dorn 

et al., 2014). 

   Each protein is identified by a unique sequence of chained amino acids that under 

some physiological conditions fold into a particular three-dimensional shape (3 D) 

(Anfinsen, 1973; LaPelusa and Kaushik, 2020).  

   The bioinformatics analysis of BRCA1 protein variants can provide information 

essential for cancer diagnosis or therapy (Lafta, 2020),  as shown in figure (2-6) 

 

 

 

 

       

     

Figure (2-6) Three-dimensional structures of the BRCA1 (Lafta, 2020). 
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2-3-5: Genes that related to cancer    

   Cancer is a medical condition which has a molecular basis (Kontomanolis et al., 

2020). The susceptible genes are critical risk factors for both hereditary and sporadic 

cancers (Xie, 2020). 

2-3-5-1: Oncogenes  in breast cancer    

   Mammalian genomes contain a range of proto-oncogenes which control normal cell 

differentiation and proliferation. Proto-oncogenes are the first regulatory factor of this 

biological process. They act in transmitting signals, resulting as growth factors.  

Modifications of these genes called oncogenes that lead to the appearance of cancer 

cells. The activation process leading to proto oncogenes are chromosomal translocation, 

and point mutations (Kontomanolis et al., 2020). 

   The physical mutations that lead to the activation of the proto-oncogenes is lead to 

differences in the structure of the encoded proteins and deregulation of protein 

expression (Abel and DiGiovanni, 2011; Jan, 2019). 

2-3-5-1-1: Oncotype DX 

  The Oncotype DX is a quantitative assay of the expression of 16 tumor-related genes 

and 5 reference genes that predicts the potential of adjuvant chemotherapy benefit in 

estrogen receptor (ER)-positive early breast cancer patients (Fayaz et al., 2020). The 

Oncotype DX RS was validated both as a prognostic and a predictive tool, given its 

capacity to identify patients  with  node- negative, hormone receptor-positive and HER2 

negative breast cancer whose prognosis reduced the likelihood of a benefit gained in 

potential chemotherapy, 21-gene Oncotype DX assay significantly impacted the clinical 

decision for treating early breast cancer by changing the reclassification of originally 

intermediate-risk patients to low-risk. Moreover, the approach contributes to avoiding 
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unnecessary chemotherapy and identifying patients with high risk; especially those in 

need for HER2 monoclonal antibodies (Al-Naqqash, 2020).  

2-3-5-2: Tumor suppressor gene in breast cancer  

   In the normal cell, in addition to oncogene there are tumor suppressor genes which 

play a major role in the normal growth and differentiation of the cell and block the  

development of cancer. Tumor suppressor genes form a huge group that exhibit one 

common characteristic: somehow, every single one of these genes protects the organism 

from neoplasia. Both copies of a tumor suppressor gene must be in an inactive state 

before a cancer cell can proliferate or survive further. Lack or inactivation due to 

mutations of tumor suppressor genes lead to developing cancer (Nenclares and  

Harrington, 2019).  

2-3-6: Cancer driver genes   

  Generally, 5-10 % of BC are inherited (ALHannan et al., 2019); while 90-95 % is 

sporadic (Antoniou et al., 2003; Sabra et al., 2020). The susceptible genes are critical 

risk factors for both hereditary and sporadic BC (Xie, 2020). Many genes are found 

related to BC (Sun et al., 2017). 

 2-3-6-1: Adenosine triphosphate Binding Cassette superfamily B1 

(ABCB1) gene 

   ABCB1 was initially cloned by Riordan in 1985 (Riordan et al., 1985). It is also 

known as multidrug resistance gene (MDR1). Its located on chromosome 7q21.12 and 

comprises a core promoter region and 28 exons (Sheng et al., 2012; MUTLU 

İÇDUYGU et al., 2020), and 28 introns (Tulsyan et al., 2016), as shown in figure (2-7).  

ABCB1 encoding a 170 kilo Dalton transmembrane glycoprotein called permeability 

glycoprotein (P-gp) (Abuhaliema et al., 2016; MUTLU İÇDUYGU et al., 2020). 
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   On the other hand, the physiologic role of  P-gp an ATP-driven transporter mediates 

to transport many metabolites and harmful substances from inside to outside through 

plasma membrane, this make the intracellular levels of toxic compounds are keep low 

(Abuhaliema et al., 2016; MUTLU İÇDUYGU et al., 2020). The permeability 

glycoprotein of ABCB1 is responsible for the energy ATP-dependent efflux of drugs 

(Sheng et al., 2012; MUTLU  İÇDUYGU et al., 2020). 

   The ABCB1 gene is highly polymorphic, till date
  
 66 coding single nucleotide 

polymorphisms, out of these 22 are synonymous and 44 non-synonymous (Wolf et al., 

2011). Single nucleotide polymorphisms of MDR1 gene can be affect expression and 

function of P-gp (Stańko et al., 2016; Yin et al., 2016; Mijac et al., 2018). 

   The changes in P-gp transport function may trigger mutagenesis through 

accumulation of harmful substances and increase the risk of various diseases including 

BC (Stańko et al., 2016; Yin et al., 2016; Mijac et al., 2018).  

   The occurrence of multidrug resistance is one of the main obstacles to the successful 

chemotherapeutic treatment of cancer, the development of MDR in cancer is mediated 

by an increasing expression of the ATP-binding cassette (ABC) transporters, the 

transporters utilize the energy of ATP to actively pump a wide variety of structurally 

and mechanistically unrelated drugs out of cancer cells and consequently lower their  

intracellular accumulation (Fojo et al., 1987; Li et al., 2020). Therefore, an increasing 

in the expression of ABC transporters is often associate with poor prognosis (Tang et 

al., 2011; Li et al., 2020).  
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Figure (2-7) Molecular structure of ABCB1 gene. A. Containing 28 exons and 28 

introns; encoding P-gp of 1280 amino acids. B. Secondary structure of P-gp protein: 

This has a single polypeptide chain with both the N and C termini located inside the 

cytoplasmic region while the 12 transmembrane domains are located inside the 

plasma membrane. It also consists of two nucleotide-binding domains (NBD), which 

act as ATP binding sites. The first extracellular loop contains three glycosylation 

sites (Tulsyan et al., 2016). 

2-3-6-2:  Adenosine  triphosphate  Binding  Cassette  superfamily G 

(ABCG2)  gene  

    ABCG2 was first discovered in 1998 in BC (Ni et al., 2010). The ABCG2 gene is 

locate on human chromosome at the locus 4q22.1 and consist of approximately 141 kb 

of genomic sequence with 16 exons and 15 introns (Ni et al., 2010; Haider  et  al., 

2011; Chen  et  al., 2019).  ABCG2 is encode a 655 amino acid proteins (Wong et al., 

2016).  

   The genetic variants of the ATP-binding cassette, superfamily G, member 2 (ABCG2) 

is known to be involving in the developing cancer risk and inter individual differences 

in chemotherapeutic response (Wu et al., 2015).  
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   Breast cancer resistance protein (BCRP) belonging to the superfamily G of the 

adenosine triphosphate binding cassette (ABC) transporters, and plays a critical role in 

protecting cells against xenobiotics and toxic compounds including (pro) carcinogens. 

BCRP is expressed in many tissues (Wu et al., 2015). The mutation of drug targets,  

overexpression of ABC transporters can enhance drug inactivation mechanism, 

subsequently contribute to drug resistance (Manandhar  et al., 2017; Nayak  et al., 

2020). The Single nucleotide polymorphisms (SNPs) of ABCG2 can change the gene 

expression and/or reduce their products activity which may affect an individual's 

susceptibility to xenobiotics and the development of carcinoma (Niebudek et al., 2019).  

2-3-6-3:  Breast cancer 1 (BRCA1)  gene  

     In 1994, Miki and others were identified and cloned BRCA1. The genetic basis 

underlying common for some hereditary breast and ovarian cancer was discovered in 

early 1994 with the identification of the BC early onset genes (Miki et al., 1994; Paual 

and Paual, 2014). It's the major cause of familial BC, 5-10% of BC is inherited 

(ALHannan et al., 2019).  

   BRCA1 is the most common genes in autosomal dominant and high penetrance form 

of breast and ovarian cancer (Ayub  et  al., 2014;  Mehrgou and Akouchekian, 2016). Its  

situated on chromosome 17q21 (Rebbeck  et  al., 2016; Ndiaye et al., 2020). BRCA1 is 

structurally sized 100 Kb ( Ewald et al., 2011). Its consists of 22 exons (60% of the 

gene corresponding to exon 11), its encode a protein of 1,863 amino acids (Sallum et 

al., 2018). Its work at different stages in the DNA damage response (DDR), checkpoint 

activation, DNA repair, and apoptosis  (Roy et al., 2012; Meshram, 2019).   

    BRCA1 gene is produce tumor suppressor proteins, called as TSGs gene. The changes 

or mutations in BRCA1 gene can lead to an increased risk of developing breast, ovarian, 

and prostate cancer (Ayub et al., 2014;  Mehrgou and Akouchekian, 2016). 
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   The germline mutations of BRCA1 is usually point mutation (Ewald et al., 2011).  

Germline mutation of  BRCA1 contribute almost equally in the generated BC (Shah et 

al., 2018). Single nucleotide polymorphism (SNPs) of BRCA1 is associated with the 

development and progression of various types of tumor (Prosperi et al., 2014; Liu et al., 

2021). Genetic changes of high penetrance gene BRCA1 is inherited (Van der Groep  et 

al., 2011; Jara et al., 2017). Therefore, early detection of the BRCA1 mutations is 

important in counseling for targeted family members and in reducing the incidence of 

BC (Neamatzadeh et al., 2015).    

2-3-6-4: mi RNA-152 gene  

   In 2002, miRNA-152 was first identified in mouse colon (Lagos-Quintana et al., 

2002). It is a member of the miR-148/152 family. In human being, its located at 

17q21.32 (Liu et al., 2016). It is a class of small, single strand and  non-coding  RNAs, 

typically 19-25 nucleotides in length that are known to play a critical role in gene 

regulation (Di Leva et al., 2014; Ge et al., 2017).  

   Specifically, miRNAs can regulate gene expression at the post transcriptional level by 

repressing translation of protein coding gene. The miRNA-152  is abnormally expressed 

in a variety of diseases, including various cancers, more evidence suggests that  miR-

152  is a tumor suppressor related to cell proliferation, migration, and invasion of  

cancer (Kindrat  et al.,  2016).  MiRNAs play an important role in tumor formation; they 

can act as oncogenes or guardian of the genome when tumor suppressor genes or 

oncogenes are targeted, respectively (Farazi et al., 2013). Single nucleotide 

polymorphism (SNP) in microRNA genes can have potentially wide-ranging influences 

on BC development (Nguyen-Dien et al., 2014). Furthermore, it has been proposed that 

they can mediate metastasis and chemoresistance (Safi et al., 2021). The microRNA 

genesis, shown in figure (2-8). 
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2-3-6-5: Estrogen Receptor (ER-α) gene  

   The first report of estrogen receptor was in 1997 when Fuqua and colleagues 

described non-synonymous mutations in BC (Zhang et al.,1997; Alluri et al., 2014). 

Estrogen is a steroid hormone that play critical role in reproductive development, 

estrogen also promotes breast, ovarian and endometrial tumorigenesis (Hua et al., 

2018). Abnormal ER signaling lead to development of a variety of diseases cancer (Jia 

et al., 2015). 

   Estrogen exposure is a widely known risk factor for BC, and the interaction of 

estrogen with estrogen receptor (ER) plays an important role in BC development (Dai et 

al., 2019).  

   ER-α gene is located on chromosome 6q25.1, its consists of 8 exons and 7 introns. 

The human ER-α gene (ESR1) is a large genomic segment that spans 
  
 300 kb. Its 

Figure (2-8) Shows microRNA biogenesis and modulation of miRNA activity. 

MiRNA genes are transcribed to produce primary miRNA transcripts (pri-miRNA) 

by RNA polymerase II (Loh et al., 2019).  
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encode the full-length  66 kDa protein that is composed of 595 amino acids ( o  et al., 

2001; Sand et al., 2002). 

   ER-α gene encodes to estrogen receptor alpha that is belongs to nuclear receptor super 

family (NHRs family) (Ayaz et al., 2019). Estrogen receptor alpha act as transcription 

factors that are involved in the regulation of many complex physiological processes in 

humans (Jia et al., 2015). Polymorphism of the ER1 gene includes a change in the 

expression of the gene by altering the transcription factor binding sites and affecting 

alternative splicing of the ESR1 gene (Deroo and Korach, 2006). Estrogen receptor 

alpha (ER-α) is play important role in development and progression of cancer, also in 

addition, it stimulate breast epithelial tissue proliferation and differentiation through 

combining with estrogen (Abd Ellatif et al., 2016; AL-Amri et al., 2020). 

   ER mutations are rarely found in primary ER+ breast cancers but have been observed 

often in metastatic tumors (Arnesen et al., 2021). ESR1 gene is a low-penetrance BC 

susceptibility gene, may increase the likelihood of accumulation of genetic mutations 

occurring throughout cellular division, functions as a ligand and stimulates cell 

proliferation and controls cell growth and death of by binding to both endogenous and 

exogenous hormones. SNPs within ESR1 that are associated with predisposition to BC 

(Deroo and Korach, 2006; Ramalhinho, 2014).  

   The effect of estrogens on DNA as: initially, estrogen act on target tissues by binding 

to parts of the cells called estrogen receptors. Estrogen receptor is a protein molecule 

found inside those cells that are targets for estrogen action (inner lining of the breast). 

Estrogen receptors contain a specific site to which only estrogens can bind. The target 

tissues affected by estrogen molecules that contain estrogen receptors (Sikdar et al., 

2019). Therefore, when estrogen molecules circulate in the bloodstream and move 



Chapter two                                                                                 Literature Review 
 

 
32 

throughout the body, they exert effects only on cells that contain estrogen receptors 

(Simpson et al., 2005; Contrò et al., 2014). 

   In the absence of estrogen molecules, receptors are inactive and have no influence on 

DNA. But when an estrogen molecule enters a cell and passes into the nucleus, the 

estrogen bind to its receptor, causing the shape of the receptor to change. The estrogen 

receptor complex then bind to specific DNA sites called estrogen response elements 

which are locate near genes that are control by estrogen. After it has become attach to 

estrogen response elements in DNA, this estrogen receptor complex bind to coactivator  

proteins, and nearby genes become active (Fuentes and Silveyra, 2019). The active 

genes produce messenger RNA (mRNA), which guide the synthesis of specific proteins. 

These proteins can then influence cell behavior in different ways. Estrogen receptors 

(ERs) functionally act as transcription factors to initiate target gene expression 

(Heldring et al., 2007), as shown in figure (2-9). 

 

 

 

 

 

 

  

 

 

Figure (2-9) ESR1 mutations in breast cancer cause widespread transcriptional 

changes due to constitutive activity of the receptor altered chromatin accessibility, 

and the action of additional factors (Arnesen et al., 2021). 
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2-4: Programmed cell death (Apoptosis)  

   Apoptosis is a form of programmed cell death that is finely regulated at gene level 

(Fuchs and Steller, 2011; Pistritto et al., 2016). Both the intrinsic and extrinsic 

pathways use caspase to carry out apoptosis through the cleavage of hundreds of 

proteins. In cancer, the apoptotic  pathway is typically  inhibited through a wide variety 

of means including overexpression of anti-apoptotic proteins and under expression of 

proapoptotic proteins (Pfeffer and Singh, 2018). Apoptosis can be triggered by signals 

from within the cell, as the binding of ligands to cell surface death receptors.  

Deregulation in apoptotic cell death machinery is an hallmark of cancer. Apoptosis 

alteration is responsible not only for tumor development and progression but also for 

tumor resistance to chemotherapy (Pistritto et al., 2016).  

   Apoptotic cell death inhibits oncogenesis at multiple stages, ranging from 

transformation to metastasis. Consequently, apoptosis must be inhibit in order for 

cancer to develop and progress (Lopez and Tait, 2015), as shown in figure (2-10). 

 

 

 

 

 

 

     

       Figure (2-10) Summary of the pathways of Apoptosis (Rampal et al., 2012). 
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2-5: Reactive oxygen species (ROS) in cancer   

   Reactive oxygen species (ROS) are molecules capable of freelance existence,  

containing at least one oxygen atom and one or more unpaired electrons, excessive 

formation of free radicals contributes to causing damage at the molecular and cellular 

level as well as changes to proteins, carbohydrates, and nucleotides (changes in the 

DNA structure), these changes contribute to the development of many free radical 

mediated diseases (Jakubczyk et al., 2020).  

   ROS play an important role in the metastasis, migration, and invasion of cancerous 

cells (Takeuchi et al.,1996; Yang et al., 2018). 

    In eukaryotic cells, ROS produced through aerobic metabolism (Forman et al., 2014; 

Perillo et al., 2020). Its considered as byproduct during mitochondrial electron transport 

in aerobic respiration and have numerous deleterious effects (Chitty  et al., 2018). Some 

electrons are directly transferred to generate (ROS) in electron transport chain (ETC) 

(Zhao et al., 2019).   

   The production of ROS is elevated in tumor cells as a consequence increased 

metabolic rate, gene mutations and relative hypoxia (Perillo et al., 2020). Excessive 

ROS produced by environmental carcinogens, mitochondrial (ETC) or NADPH 

oxidases induce DNA damage including de-purination, de-pyrimidination, single- 

double-stranded DNA breaks, bases modification, DNA and protein changes (Barnes et 

al., 2019), as shown in figure (2-11). 
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 In pathophysiology of cancer: the high levels of ROS generated by ongoing aerobic 

glycolysis followed by pyruvate oxidation in mitochondria (Warburg effect) induce 

genetic instability (Finkel, 2011), as shown in figure (2-12). 

 

 

 

 

 

 

  

 Figure (2-12) Showing the Warburg effect in the cancer cell (Fu et al., 2017) 

Figure (2-11) The electron transport chain in mitochondria. ROS generated by  

complex I and III. (ADP, adenosine diphosphate; ATP, adenosine triphosphate; 

ROS, reactive oxygen species) (Cronshaw et al., 2019). 
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3- Materials and Methods   

  3-1: Collection of samples  

   The present study was carried out in the Department of Biology, College of Science, 

University of Misan. The study included one hundred-thirty samples were collected 

from different clinical cases and healthy control. They were distributed between (117) 

blood and (13) tissue samples, during period from 1st September 2020 to the 30th  March 

2021 from Maysan Health Directorate/AL-Sadder Teaching Hospital and Al-Shifa 

Tumor Treatment Center in Al-Amarah city (sub-districts of  Maysan province/south of 

Iraq), and Baghdad laboratory in/Al-Amarah city. The DNA extraction and genes 

amplification examination were performed on all blood samples.  

  3-1-1: Blood samples  

    Eighty seven blood samples, from which 1 to 3 ml were collected from BC females 

and 30 blood samples, 5ml were collected from healthy women. Blood samples were 

collected through the median cubital vein or carpal veins in  EDTA containing tubes, 

and the labelled tubes were stored at -20 ºC for DNA extraction. The only best 20 PCR 

products were selected for BC patients and healthy individual were subjected to the  

complete study by PCR techniques. 

3-1-2: Breast tissue sample  

   Thirteen tissue samples, divided into eight samples of  BC as a case group and five 

sample of healthy women as control group were collected at Baghdad laboratory. Tissue 

samples were collected into labeled containers (containing 10 % formalin). The tissue 

samples were transferred to Genetic Engineering laboratory/Department of 

Biology/College of Science/University of  Misan and stored at room temperature away 

from sunlight until use. 
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3-2: Chemicals  

    The chemicals used in the present study are listed in table 3-1 

Table (3-1):  List of chemicals, and their suppliers.  

   
          Chemicals 
  

 
Company  

 
Country of origin  

10X TBE  (Tris base ˍBoric acid ˍEDTA) Promega USA 
1X TBE    (Tris base -Boric acid- EDTA) Promega  USA 
Absolute  Ethanol  Scharlau Spain 
Agarose  Promega USA 
DAPI  Stain  SIGMA USA 
DCFH-DAStain  Abcam CHINE 
DEPC Fixation  Invitrogen USA 
Di methyl sulfoxide (DMSO) Canvax  USA 
Distal Water    
DNA Ladder(100-1500 bp), (25-300 bp) Promega  USA 
DNA Ladder(25-2000 bp) Bioneer  South Korea 
Ethidium Bromide  Promega  USA 
Glycerol  RPI USA 
Loading  dye (6X) Promega  USA 
Loading dye Promega  USA 
Mitotracker stain  Thermo fischer USA 
nuclease free water (De-ionized water) Promega  USA  
Phosphate Buffer Saline  (P B S) Irvine Scientific USA 
Tween 20 X   Canvax USA 
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  3-3: Equipments and their suppliers 

Table (3-2): List of equipments and their suppliers.  

        
Instrument  

  
Company  

    
Country  
 

Autoclave Hirayama Japan 
Biosafety cabinet Human Lab Korea 
Centrifuge Eppendorf Germany 
Cooling centrifuge Eppendorf Germany 
Distillator Lab Teach Korea 
Electrophoresis apparatus Bioneer Korea 
Fluorescent Microscope Olympus Japan 
Frozen AUCMA China 
Gel Documentation Biometra Germany 
Laboratory Shaker Dragon China 
Magnetic stirrer Heidolph Germany 
Microcentrifuge spin SCILOGEX D1008 China 
Microwave Shonic China 
NanoDrop spectrophotometers  Thermofisher USA 
PH meter HANNA Romania 
Refrigerator Concord Lebanon 
Sensitive Balance Sartorius Germany 
Stereo Microscope KERN Kern 
Thermal cycler apparatus TECHNE prime USA 
Ultrasonicater LABLINE India 
UV-Transilluminator ELETROFOR Italy 
Vortex CYAN Belgium 
Water bath Memmert Germany 
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3-4: Consumer Materials  

   Table (3-3): List of consumer materials and their suppliers 

        
Consumer goods  
 

        
  Company  

 
   Country   

Anticoagulant tubes EDTAK2 Chine 
Cotton SHAKEEB Malaysia 
Eppendorf tubes BDH UK 
Conical flask (500-1000) ml Lab glas Japan 
Forceps Hebson India 
Disposible  gloves SHAKEEB Malaysia 
Intravenous  cannula IndiaMART India 
Magnetic bar IndiaMART Newdelhi 
PCR tubes BDH UK 
Plain tube RITTAL China 
Sharp scalpel    LG USA 
Slides Super star India 
Spatula Hebson India 
Plastic cups Shangai Blopak China 
Syringe CHANGZHOU Chine 
Micropipette tips BOENMED Chine 
Volumetric flasks (500-1000 ml) Lab glass Japan 
Plastic cups  Shangai Blopak China 
Micopipettes (0.5-10), (5-50), 
(100-1000) 

Dragon China 
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3-5: Laboratory kit   

    The kits used in the present study are listed in the table (3-4) and some of which their 
components in appendix (1). 

Table (3-4): Types of  kits applied in the current study and their company    

 
Name of kits 

 

 
Purpose of used 

 
Manufactures ( origin) 

 

Taq G2® Green master mix 

 
For amplified DNA template 
by PCR and  for amplified PCR 
product in PCR-RAPD- PCR 
 

 
 
Promega /USA 

  

   g SYNCTM DNA Extraction  kit  

 
Extraction blood genomic DNA 

 
Geneaid /Taiwan  

 
 Restriction enzyme  
 protocol  (MboI) 
 

 
Used to digestion of amplified 
DNA(PCR product) 

 
Promega /USA 

 
  Restriction enzyme  
  protocol (EcoRI) 
 

 
Used to digestion of amplified  
DNA (PCR product) 

 
Promega /USA 

E. Z. N.A ®  Gel Extraction 
 kit 

Used to nucleic acid purification  OMEGA Bio-TEK/USA 

DAPI stain  Used to stain the nucleus SIGMA /USA 
DCFH-DA stain Used to detection cytoplasmic  

ROS 
Abcam/Chine 

Mitotracker stain  Used to detection mitochondrial  
morphology  

Thermofischer/USA 

Mitosox stain  Used to detect mitochondrial ROS Thermofischer/USA 
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3-6: Primers used in present study                                        

3-6-1: The specific primers for genes that related to breast cancer  

    The specific primers for ABCB1,  ABCG2, BRCA1,  ER- α, and miRNA -152 genes 
which have been chosen in table (3-5) were prepared by the company of Alpha DNA 
/Montreal, Quebec /Canada. 

Table (3-5): Primers sequences used for breast cancer related genes amplification  

       
    Name 
  

        
                 Primer sequences (5ʹ-3ʹ) 

 
Exons 

 
Size  
(bp) 

 
References  

 
 
 
ABCB1  

 
F 
 

 
TTGATGGCAAAGAAATAAAGC  

 
 
  26 

 
 
206  

 
 
Tazzite et al., 2016 

 
R 
 

 
CTTACATTAGGCAGTGACTCG 

 
 
 
ABCG2 
 
 

 
F 
 

 
AAATGTTCATAGCCAGTTTCTTGGA 

 
 
 
   16 

 
 
 
302  

 
 
 
Wu et al., 2015 
 

 
R 
 

 
ACAGTAATGTCGAAGTTTTTATCGCA 

 
 
BRCA1 
 

 
F 

 
CACCTCCAAGGTGTATGAAG 

 
 
   11 

 
 
465  

 
 
Gholipoorfeshkecheh 
and Arjunan, 2014  

R 
 
CTCTAGGATTCTCTGAGCATGG 
 

 
 
ER-α 

 
F  

 
ATGCGCTGCGTCGCCTCTAA 

 
   1 

 
500  

 
Sato et al., 2008 

 
R 

 
CTGCAGGAAAGGCGACAGCT 

 
miRNA -
152 

 
F 

 
TCTGTCATGCACTGACTGCTC 

 
     - 

 
170  
 

 
Nguyen-Dien et 
al., 2014  

R 
 

GGGCATGCTTCTGGAGTCTA 
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3-6-2: The RAPD primers  

   The RAPD primer for ABCB1, ABCG2, BRCA1, ER- α, and miRNA 152  genes which 
have been chosen in table (3-6) were prepared by the company of AUGCT DNA SYN 
Biotechnology/China. 

 

Table (3-6): RAPD primers sequences used for PCR- RAPD-PCR amplification  

          Primers    Primers sequences  Length (Base) 
          OPAA11     ACCCGACCTG 10 
          OPU 15     ACGGGCCAGT 10 
          OPAA17     GAGCCCGACT  10 
          OPD18     GAGAGCCAAC 10 
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3-7: Design of experiment 

   The general steps for the current study are shown below in figure (3-1) 

 

 

 

 

     

 

 

 

 

 

    

 

 

 

     

 

 

 

 

 

 

Figure (3-1): The common important steps in current study 

Sample collection from  normal and clinical cases of breast cancer in Maysan province 

                                                                 (Blood , Tissue ) 

  

Genetic and molecular study for (ABCB1, ABCG2, BRCA1, 
ER-α, and miRNA-152 ) genes that  related to breast cancer 

PCR  technique 

N= 40 

 

 

Gene sequencing 
               

Blood (N=117) 

(N= 87 Patient ; N= 30 Control) 

 

 

 Blood                 

Breast tissue (N=13) 

(N= 8 breast cancer ; N= 5 normal tissue) 

      

 

 

 

 

Genes amplification by PCR (N=117) 

             

                     Gene ampilification  

 PCR-RAPD-PCR 
          

RFLP       

Bioinformatics 

SNP/Indel Drawing the shape 
of the protein 

protein 

Very simple cytogenetic study 
study 

Tissue preparation       

   Tissue staining             

DAPI 
     

DCFH-DA 

 DDA     
Mitotracker 

 

Flourescent microscope 
examination           

Genotype 
identification 

Three dimensional (3D) protein 
identification 

Mitosox  

Polymorphic, 
Monomorphic, Unique 

band identification 
Mutations 

identification 

Genetic polymorphisms identification 

Gene expression 

DNA Gel Extraction 

N= 40 

 

Selection the best PCR product (N= 40) 

(N=20 patient ; N= 20 Control) 
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3-7-1: Sterilization Methods   

3-7-1-1: Sterilization by autoclaving    

     The micropipette tips and eppendorf tubes were sterilized by autoclave at 121º C for 
(15-20) minutes under pressure 15 Psi. 

3-7-1-2: Sterilization by dry heat     

     The glassware tools (Volumetric flask, Conical flasks, and others tools) were 

sterilized by oven at 180 ºC for 1.5-2 hours. 

3-7-2:Preparation of stains            

   The following stains were used in the present study, and prepared as based on the 

method described in the preparation kit manufactured by the SIGMA-Aldrich/USA; 

Abcam company/CHINE; Thermofischer/USA with some modification in dissolvent as 

follows:  

3-7-2-1: Preparation of DAPI stain  

 3-7-2-1-1: Stock solution 

   The stock solution of the DAPI stain was prepared, freshly in a black bottle via 

dissolving 1mg of (4, 6-Diamidino-2-phenylindole dihydrochloride), in one ml of 

nuclease free water. 

3-7-2-1-2: Work solution  

   The work solution of the DAPI stain was prepared from the stock solution, in a black 

bottle by adding 10 microliter of the stock solution of  DAPI stain in 10 ml PBS, and it 

is used for staining nucleus, especially condensed chromosomes in normal and BC 

tissue and to determine the differences between them. 
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3-7-2-2: Preparation of  DCFH-DA stain  

    The DCFH-DA stain was prepared from the stock solution, in a black bottle by 

adding one ml of the stock solution of  DCFH-DA to 50 ml PBS, and                

detection of cytoplasmic ROS that indicates alterations in breast tissue. 

3-7-2-3: Preparation of Mitotracker stain  

   The Mitotracker stain was prepared from the stock solution, in a black bottle by 

adding one ml of the stock solution of  Mitotracker stain to 50 ml PBS, and i              

staining mitochondria and considered as an index for mitochondrial morphology. 

3-7-2-4: Preparation of  Mitosox stain  

   The Mito-Sox stain was prepared from the stock solution, in a black bottle by adding 

1 ml of the stock solution of Mito-Sox stain to 50                                      

mitochondrial ROS and considered as an index for the mitochondrial defect.  

3-7-3: Preparation of  Buffers or solutions 

    The following Buffers (solutions ) were used in the current study and prepared as 
described by protocol preparation.  

3-7-3-1: Tris Borate  EDTA (TBE ) buffer 

 3-7-3-1-1: Stock Buffer solution (10X)  

    The stock Buffer solution of  Tris Borate  EDTA (TBE) buffer was prepared, freshly 

in a conical flask via dissolving 121.1 gm of  Tris base, 61.8 gm of Boric acid and 7.4 

gm of  EDTA and then completed the size to 1000 ml of distilled water (D.W), then it 

was heated by magnetic stirrer and mixing by a clean magnetic bar until all components 

of stock solution were excellent dissolved, and the stock solution of Buffer was 

converted to clearless, and the Power Hydrogen force (PH) was measured as 8. 
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3-7-3-1-2: Work Buffer solutions (1X) 

   The work Buffer solution of  TBE buffer was prepared, freshly in a volumetric flask 

by adding 100 ml of the stock buffer solution (TBE 10X) to 900 ml of distilled water 

(D.W) and mixed well. 

3-7-3-2: Permeabilization solution  

   The permeabilization solution was used and prepared by using the method described 

in the flow cytometry permeabilization protocol/USA. The permeabilization solution of 

tissue for the simple cytogenetic study was prepared, freshly in a cup container by 

adding 10 ml of  PBS to 10 μl Tween 20 X and immediately mixed by pipetting for 3-4 

times, then permeabilization solution was stored at 4 ºC until use.  

3-7-3-3: Ladder preparation for use in gel electrophoresis 

   DNA marker was prepared by Promega company but it was without loading dye. At 

gel electrophoresis, the loading dye (4μl) was added to (3μl) of known DNA fragment   

( DNA marker) and immediately mixed by pipetting for 3-4 times, then the first well of 

gel was loaded with 5 μl of the mixture (DNA marker and loading dye). 

3-7-4: Genetic and  Molecular study  

   Polymerase chain Reaction (PCR) assay was performed for identification of BC genes 

(ABCB1, ABCG2, BRCA1, ER-α and miRNA-152). This method was carried out as in 

the following steps: 

3-7-4-1: DNA extraction  

   DNA was extracted from whole blood by using the gSYNCTM
 DNA Extraction Kit 

functional test data according to (Geneaid, Taiwan).  
 
Blood Protocol Procedure  
 
Step 1: Sample Preparation  

 Transferred  200 μ     wh    b        a 1.5 ml sterile microcentrifuge tube.  



Chapter Three                                                                                          Materials and Methods 
 

 03 

 Added  20 μ      Proteinase K, then carefully mix by pipetting, and incubate at 

60ºC for 5 minutes.  

Step 2: Cell Lysis  

 Added  200 μ     G        r then mix by shaking vigorously.  

  The tubes were incubated at 60ºC for 5 minutes, inverting the eppendorf tubes 

every 2 minutes.  

 Step 3: DNA Binding  

 Added  200 μ      b         h         h  sample lysate and mix immediately by 

shaking vigorously for 10 seconds.  

 GS Column was placed in each a 2 ml sterile collection tube. 

   The mixture (including any insoluble precipitate) was transferred to the GS 

column then centrifuge at 14,000 rpm for 5 sec. 

  The 2 ml collection tube containing the flow-through was discarded. 

 The GS Column was placed in a new 2 ml collection tube. 

 

Step 4:  Washing step       

 Added  400 μ      (W1) Buffer to the GS Column and then centrifuge at 14,000 

rpm for 30 seconds, then discard the flow-through, and place GS column back in 

the collection tube (2 ml). 

  Added  600 μ      (W2) buffer (make sure absolute ethanol was added) to the mid 

GS Column, centrifuge at 15,000 rpm for approximately 30 seconds, then discard 

the flow-through, place the GS column back in the collection tube (2ml). 

 The dried GS column was centrifuge at 15,000 rpm for 3 minutes to dry. 

 

Step 5. Elution  

 100-200 µl of pre-heated elution buffer was added into the mid of the column 

matrix. 
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 We waited for at least (3 minutes or more ) to allow the elution buffer to be perfect 

completely absorbed. 

 The tubes were placed in a centrifuge at 15,000 rpm for 30 second or more to elute 

the purified DNA. 

 Finally, the DNA was stored at -20 ºC to avoid DNA degradation. 

3-7-4-2: Detection of DNA by Agarose Gel Electrophoresis  

   The DNA extraction has been previously carried out, agarose gel was prepared 

according to (Sambrook and Russel, 2006). Agarose gel electrophoresis was adopted to 

confirm the ready and integrity of extracted DNA of  blood isolates according to the gel 

electrophoresis protocol which included the following steps: 

1- One hundred of 1X TBE buffer were taken in a clean bottle. 

2- Agarose powder (1.2 gm) was added to 100 ml of 1X TBE buffer. 

3- The solution was heated to boiling by using a microwave until all Agarose 

particles were dissolved and become clear. 

4-  Approximately 3.5 -5μl of ethidium bromide were added to the agarose solution, 

and then the agarose was mixed. 

5- The solution was left to cool down at 50-60 ºC. 

6- After sealing alike edges of the gel tray with a rubber ruler tape and fixing the 

comb in 1 cm away from forward edge, the agarose solution was carefully 

poured into the gel tray. 

7- The agarose was allowed to solidify at room temperature for 25-30 minutes or 

more and then transferred to the refrigerator for minutes. 

The fixed comb was precisely removed and the gel tray was transferred in the gel 

tank. The tank was previously filled with 1 X TBE buffer, until 1 X TBE buffer 

reached approximately 1-2 mm up the surface of the gel. 

8- The DNA sample was transferred 5 μ  from it on sterile sticky tape, 2 μl of 

loading dye ( Blue 6 X Loading dye ) added to each DNA sample on sticky tape 
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and mixing well, then the mixture was loaded into the wells of the agarose gel. 

Electric current was allowed at 60-70 volt for 30-60 minutes.  

9-  Finally, the bands of  DNA were visualized on a UV transilluminator at wave 

length 350 nm. 

3-7-4-3: Column purification 

   Genomic DNA was isolated from all blood. The amount of isolated DNA was varied 

from 52.392 -88.712 ng/µl  DNA and an absorbance ratio of A260/280 was obtained in 

the range of 1.71-1.98.  

3-7-4-4: Preparation of primers solution 

   The oligonucleotide primers were suspended by dissolving the lyophilized product of 

each primer after spinning down briefly with De-ionized water (nuclease free water) 

depend                       instruction as stock suspension of primers. Working 

solutions of primer tube was diluted with nuclease free water, and the last picomoles 

depended on the procedure of each primer used. 

3-7-4-5: Master mix 

  The components of the Taq G2® Green master mix were prepared by the company of  

Promega/USA. 

3-7-4-6: Polymerase Chain Reaction protocol   

   The protocol used is according to prome                               . All PCR 

components were assembled in PCR tube and mixed by microcentrifuge spin for 10 sec. 

- The steps were conducted are as follows:  

1- Template DNA and specific primers were dissolved before usage. 
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2- Template DNA, primers, De-ionized water (nuclease free water ) and Taq G2® 

Green master mix were added into the PCR tubes for getting 25 μl reaction volume, as 

shown in table (3-7). 

Table (3-7): The components of  PCR mixture    

PCR Mixture Volume (μl) 

Nuclease free water 2.5 

Taq G2® Green master mix 12.5 

Forward primer 2.5 

Reverse primer 2.5 

DNA template 5 

Final volume 25 

  

3- The components of  PCR tubes were completely mixed and spin down either by 

using pipette up and down several times or by using  Mini spin Microcentrifuge 15 sec. 

4- The PCR tubes were placed in the TECHEN prime thermocycler and the right PCR 

cycling program parameter conditions were shown in table (3-8). 

Table (3-8): PCR program of  ABCB1,  ABCG2, BRCA1,  ER- α, and miRNA -152 genes:  

 

 

  

  

 

 

PCR step ABCB1 ABCG2 BRCA1 ER-α -152miRNA Cycle 
Initial 

Denaturation 
95 ºC  
5:00 

95 ºC 
5:00 

95 ºC 
5:00 

95 ºC 
5:00 

95 ºC 
5:00 

1 

Denaturation 94 ºC  
1:00 

95 ºC    
00:45 

95 ºC 
00:35 

95 ºC 
00:40 

95 ºC 
00:15 

 
35 

Annealing 53 ºC  
1:00 

53.5-58.5 ºC 
 00:45 

55 ºC 
00:35 

52-58 ºC 
00:45 

65 ºC 
00:15 

Extension 72 ºC  
1:00 

72 ºC 
1:00 

71 ºC 
1:00 

72 ºC 
40:00 

72 ºC 
00:30 

Final 
Extension 

72 ºC  
7:00 

72 ºC 
5:00 

72 ºC  
5:00 

72 ºC 
5:00 

72 ºC 
5:00 

1 

Final Hold 4 ºC  
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3-7-4-7:  Agarose Gel Electrophoresis   

   TBE 1X buffer was added to the tank of electrophoresis tank, tray with agarose which 

had previously attended was put in electrophoresis tank. Each well is loaded with 5 μl of  

PCR product. Then standard molecular weight of DNA marker (DNA ladder) (5 μl) is 

loaded in a first well. Electrophoresis run at 65-70 volt for 1-1.15 hour, the gel was 

visualized and then photographed by using a gel documentation system (under UV), 

repeat this method with each gene (Mishra et al., 2010). 

3-7-4-8: Extraction of PCR product from the gel   

   Agarose gel extraction was used to isolate and purify the amplified specific gene 

(PCR product). Desired DNA fragment was extracted from gel by using  E. Z. N. A ®  

Gel Extraction kit according to company instructions (OMEGA Bio-TEK/USA), as 

follows with some modification in time: 

1- Agarose powder (0.6 gm) was added to 50 ml of 1X TBE buffer and heated with 

microwave until all agarose particles were dissolved and become clearness, 2.5 μl of 

ethidium bromide were added to the agarose solution. The agarose was stirred in 

order to get mixed, the agarose solution was put into gel tray, the agarose was 

allowed to solidify at room temperature for 30 minutes. The fixed comb was 

carefully removed and the gel tray was carefully placed in the gel tank. The tank was 

filled with 1X TBE buffer until the buffer reached 2 mm over the surface of the gel. 

2- PCR product mixture of the specific gene (5 μl) was loaded into the wells of agarose 

gel. Electric current allowded at 65-70 volt for 30 min-1 hour. 

3- Finally, the bands were visualized on a UV transilluminator at wave length 350 nm. 

4- Carefully excised the DNA fragment of interest by using a clean, sharp scalpel. The 

size of the gel slice was minimized by removing extra agarose. 

5- The volume of the gel slice was determined by weighing a clean 1.5 ml 

microcentrifuge tube. The volume of gel was derived as follows: The difference 

between the weight of the eppendorf tube containing gel slice minus the weight of 
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empty eppendorf tube (weight of the eppendorf  tube containing gel slice - weight of 

empty eppendorf  tube). The numbers were rounded to the nearest integer number 

and the integer number was converted to microliter unit.  

 6-  Added 1 volume  Binding Buffer (XP2) to eppendorf tube. 

 7- The tubes were incubated at 60 ºC for 7 minutes or more until the gel has  

completely melted. Shake the tube every 2-3 minutes.  

 8- A HiBind DNA Mini colum was placed in a 2ml collection tube. 

 9- Added no more than 700 μl DNA/agarose solution from step 6 to the HiBind   

DNA Mini column. 

  10-The tubes were placed in centrifuge at 10,000 rpm for 1 minute at room 

temperature. 

  11- Discard the filtrate and reuse the collection tube. 

  12-Repeated  steps (8-10) until all of the sample has been transferred to the column. 

  13-Added 300 μl Binding Buffer(XP2). 

  14-The tubes were placed in centrifuge at 14,000 rpm for 1minute at room 

temperature. 

   15- Discard the filtrate and re use collection tube. 

   16-Added 700 μl SPW wash Buffer. 

   17-The tubes were placed in centrifuge at 14,000 rpm for 1 minute at room  

temperature. 

 18- Discard the filtrate and reuse collection tube. 

 19- The empty HiBind DNA Mini column was centrifuge for 2 minutes at maximum 

speed to dry the column matrix. 
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 20-The HiBind DNA Mini column was transferred to the clean 1.5 ml microcentrifuge 

tube and was labeled. 

 21- Added 30 μl of Elution Buffer directly to the mid of the column. 

 22- We waited for at least 30 minutes or a little more to allow the Elution buffer to be  

completely absorbed at room temperature. 

23-The column tubes were placed in centrifuge at 14,000 rpm for 1 minute. 

24- Finally, the DNA ( Purified gene) was stored at -20 ºC. 

3-7-4-9: Column Purification  

   PCR product (specific gene) was isolated by extracting DNA from gel, the amount of 

isolated DNA (PCR product) was varied from 52.392-88.712 ng/µl and absorbance ratio 

of A260/280 was obtained in the range of 1.71-1.98.  

3-7-4-10: Restriction fragment length polymorphism (RFLP)  

   PCR products for (ABCB1, ABCG2, and BRCA1) genes were digested by using MboI, 

EcoRI restriction enzyme protocol according to functional test data (Promega/USA) 

with some modification, as shown in table (3-9). 

Table (3-9) The components of  RFLP mixture  

RFLP mixture Volume (μl) 

Sterile, deionized water 16.3  

RE 10X Buffer 2  

Acetylated  BSA,10 μg/ μ  0.4  

DNA  (PCR product),1 μ  / μ  3  

Restriction Enzyme,10 U/µL 0.6  

Final volume 22.3  
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   The total volume of  22.3 μl of the mixture was incubated at 37 ºC in the water bath 

for 4 hours. After digestion and adding stopping solution, the sample fragments were 

visualized by electrophoresis at a concentration of 3.5% agarose for (ABCG2, ABCB1) 

and 2.5% agarose for (BRCA1) ( prepared by the same detection of DNA content via 

agarose gel electrophoresis except 3.5 gm or 2.5gm of agarose powder dissolved in 100 

ml of 1X TBE buffer ). Finally, the fragments were visualized on a UV transilluminator 

and by using a gel documentation system at wave length 350 nm, the genotype size was 

determined by comparing their size with DNA Ladder (25-300) bp in the first well of 

gel, (100-1500) bp in the last well of gel, and by NUB cutter V 0.2 program. 

3-7-4-11: PCR-RAPD-PCR  

    RAPD  primers used in this study mentioned in the previous table (3-6). The PCR-

RAPD-PCR was carried out at total volume of  20 μl containing a mixture of  7.5 μl GO 

Taq G2® Green master mix, 7.5 μ  nuclease free water, 2.5 μl PCR product, 2.5 μl  

(RAPD primers), as the following table (3-10):  

Table (3-10) The components of  PCR-RAPD-PCR  mixture 

PCR-RAPD-PCR mixture Volume  (μl) 

GO Taq G2 Green master mix 7.5  

nuclease free water 7.5  

PCR product  

(ABCG2, ABCB1, BRCA1, ER-α, and miRNA-152) 

2.5  

RAPD primers  

(OPAA11, OPU15, OPAA17, OPD18) 

 

2.5  

Final volume 20  

 

   Amplification was carried out  for each gene with four RAPD primers in Techne 

prime thermocycler with program, as follows (Table  3 -11) 
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Table  3-11  PCR-RAPD-PCR program for ABCB1, ABCG2, BRCA1, ER-α,  and 

miRNA-152 genes: 

PCR steps Temperature ºC Time Sec Repeat cycle 

Denaturation 94  60   

3 Annealing 36  45  

Extension 72  45  

Denaturation 94  30   

35 Annealing 35-39  45  

Extension 72  90  

 Final Hold 10  - - 

 

   The PCR-RAPD-PCR results were electrophoresed on 2.5% agarose gel with 

ethidium bromide 2.5 μl at 65-70 Volat-Voltage for 60 minute. The DNA ladder (25-

300), (100-1500) bp was inserted into the first and last gel well to determine the size of 

the PCR-RAPD-PCR band. PCR-RAPD-PCR fragments were visualized on a Gel DOC 

UV Transilluminator.  

3-7-4-11-1: Molecular Weight Index  

  A well-known molecular weight indicator (DNA Ladder 100 bp) was used, consisting 

of 11 bands as follows (100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1500) base 

pair  from the company Promega / USA. Also, we used a molecular size indicator (DNA 

Ladder 25 bp), consisting of 10 bands as follows (25, 50, 75, 100, 125, 150, 175, 200, 

250, 300) base pair from the company (Promega / USA). 

The following parameters were calculated to take them from the gel images  

A - The number of total bands produced from each primer was calculated.  

B - The primer efficiency and  discriminatory power was calculated from the below law 

according to (Ismaeel, 2013). 
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C - The percentage of the primer bands was calculated from the below law.  

D - The percentage of polymorphisms ( %), Monomorphisms (%), Uniqueness (%) were 

calculated from the  below laws according to (Al-Rawi, 2015):  

               

      Primer efficiency = 
                                                                       

                                    
 

 Primer discriminatory power %  = 
                                                        

                                                           
  x 100 

   Percentage of primer bands % = 
                                          

                                    
          x  100           

      Polymorphisms %  =  
                                                         

                                               
      x    100  

 Monomorphisms % =  
                                                        

                                               
  x 100 

Uniqueness  %  =  
                                                   

                                              
                 x 100  

   40 PCR-RAPD-PCR product (20 patients and 20 controls) are transferred to a (2.5%) 

agarose gel to separate the resulting bands. The bands that appear in all wells at a 

certain molecular weight are called monomorphic bands, the bands that appear in some 

wells and are absent in others at a certain molecular weight are called polymorphic 

bands, and the single band that appear at a certain molecular weight is called unique 

band. 

3-7-4-12: Determine the sequence of nitrogen bases  

  After confirming the amplification of the samples, samples of 20 microliters of the 

PCR product were sent to the Macrogen Company in South Korea to obtaining the real 

sequences of the nitrogenous bases for the required pieces of genes, as a sequencing 

process was carried out for single strands of  DNA Forward (F), according to our 

request from the company for the purpose of identifying genetic mutations, and after the 

results arrived, the identity of the sequence was reviewed in the Gene Bank using 

Bioinformatics techniques and algorithms as a tool for Blast search. This tool helped to 
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determine the conformity of records of samples sent and records in the gene bank, 

sequences lined up and aligned were identified using specialized programs software 

such as BioEdit, and Genetic mutations were identified using  Blast, Geneious V 4.0.20. 

3-7-4-13 :  3 D  protein drawing  

   Drawing a three-dimensional protein according to the following programs and  steps: 

1. Converting DNA sequences in FASTA format to amino acid sequences in the same 

format using Blast program on the NCBI website (Altschul et al., 1990). 

2. Using Phyre 2 V.2.0 program to convert amino acid sequences from FASTA format 

to PDB format and predict the three-dimensional shape of the protein (Kelley et al., 

2015). 

3. Using EzMol V.1.22 program (www.Sbg.bio.ic.ac.uk/ezmol) for the purpose of 

drawing three-dimensional protein shapes with determination of the location of the 

genetic mutation on the protein (Reynolds et al., 2018). 

4. Using Expasy and Swiss-Model program for the drawing  3 D protein of some genes.  

3-7-5: Very simple cytogenetic study  

   All tissue samples were isolated from BC peoples and normal peoples, then  processed 

according to (Dragh et al., 2017) with some modifications for fluorescent microscopic 

study as follow:  

3-7-5-1: Tissue preparation  

   To assess whether or not cancer was present in breast tissue, we used four dyes with 

fluorescent microscopy (DAPI, DCFH-DA, Mitotracker, and MitoSOX) as follows: we 

transferred the tissue under a Stereo (dissecting) microscope, then we took a very small 

portion the size of a pinhead with forceps and place it in a concave glass slide (a slides 

with deep holes). 
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1-  Fixation done in 10% formalin solution was used to stabilize the samples until 

use. 

2- Washing  

The samples were washed with running water to remove the formalin from 

samples. 

3- Transferred the tissue sample under a Stereo or dissecting microscope and took a 

very small portion the size of a pinhead with forceps and place it in a concave 

glass slide (a slide with deep holes). 

4-Fixation with 4% DEPC fixation for 30 minute. 

5-Permeabilization  

Samples were         w  h  300 μl of permeabilization solution for 15-20 min. 

6-The samples were washed with PBS at 3 times for 5 minute. 

7-Staining  

   Using fluorescent dyes such as (DAPI, DCFH-DA, Mitotracker, and Mitosox) as a 

fluorescent stains have been used to demonstrate chromosome condensed in nucleus, 

ROS amount, differences in shape of mitochondria, and mtROS as indicators for  

different features of gene expression between normal and breast cancer tissue. 

 Added 300 μl of  DAPI stain for 20 minute. 

 The samples were washed with  PBS  at 3 times for 5 minute. 

 Added 300 μl of DCFH-DA stain for 20 minute. 

 The samples were washed with  PBS at  3 time for 5 minute. 

 Added 300 μl of Mitotracker stain for 20 minute. 

 The samples were washed with  PBS at 3 time for 5 minute. 

 Added 300 μl of  Mitosox stain for 20 minute. 

 The samples were washed with  PBS at 3 time for 5 minute. 

 



Chapter Three                                                                                          Materials and Methods 
 

 43 

   After staining procedures the samples were examined under the fluorescent 
microscopic under magnification power (400X) and photographs were captured by a 
computer and Corel Capture and J Image software were used. 

3-7-6: Statistical Analysis   

  The statistical analysis of data was performed by (SPSS version 22). Chi-square used 

to show the important statistic and significant differences limited on P ≤0.05    

probability (Al-Rawi and Khalaf Allah, 2000).  

   The expected genotype of HWE was examined manually and then by Michael 

H.Court (2005-2008) online calculator and the deviation from HWE was accomplished 

by SPSS version 22 and Michael H. Court (2005-2008). Odds ratios (ORs) and 

confidence intervals (CIs) of genotypes and alleles were examined by MedCalc 

statistical software (version 20.0111) (https://www.Medcalc.net/tests/odds ratio 

php)(Altman,1991). The statistical analysis of the cytogenetic study was performed by 

GraphPad Prism version 7 program to know the statistical differences in ROS  between 

the tissues of  breast cancer patients and control based on the captured image.                 
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4- Results  

4-1:  DNA extraction and amplification 

   The results of the DNA extraction are showed that the amount of  DNA ranged 

from 52.392 -  88.712 ng/µl, and the absorbance ratio A 260/280 was obtained in the 

range 1.71-1.98 (nm) which is within the normal range (1.7-2.0) nm was detected by 

the nanodrop device. The results of the electrophoresis on 1.2% agarose gel are 

showed the success of the DNA amplification process, as the primer ABCG2 was 

given a band of  302 bp, the primer ABCB1 was given a band of 206 bp, the primer  

BRCA1 was given a band of 465 bp, the primer ER-α was given a band of 500 bp, and 

the primer miRNA-152 was given a band of 170 bp, as shown in the figure (4-1), 

respectively. 

 

 

 

           

   

 

 

 

 

 

 

 

 

  

 

 

BRCA1 

ER-α mi RNA 152 CYP 17 

500 bp      206 bp   

ABCB1 

500 bp 170 bp 
  

419 bp 

M C C M M C 

M C M C M C 

Figure (4-1) Amplification of the ABCG2  302 bp, ABCB1  206 bp, BRCA1  465 

bp, ER-α 500 bp, and  miRNA-152  170 bp  obtained from BC patient and control. 

The first lane from the right (M lane) is DNA ladder marker 100-1500 bp in size used 

as DNA molecular weight marker, the last lane from left (C lane) is negative control 

(PCR mixture without DNA) and all other lanes are PCR product of BC gene 

depended on molecular weight.                                                                                        
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4-2: Genetic polymorphism  

   The genetic polymorphism of the (ABCB1, ABCG2, BRCA1, ER-α, and mi-RNA 

152) genes was studied in patients with BC and compared with the control sample by 

using the PCR-RFLP technique, PCR-RAPD-PCR technique, and Gene sequencing. 

4-2-1: PCR-RFLP 

   The studied population in the PCR-RFLP technique is composed of 20 verified 

female breast cancer patients, and 20 control women. The clinicopathological 

features of patients are listed in the table (4-1). 

Table (4-1): Clinical and pathological characteristics of  Maysan breast cancer 

women. 

Variables No (%) Total No (%) 

Age (year) >45 16(80)  
20(100) <45 4(20) 

Marital status Married 19(95)  
20(100) Unmarried 1(5) 

Family history Family history 6(30)  
20(100) Non-Family history 14(70) 

Socioeconomic status Poor-median 16(80)  
20(100) Good-excellent 4(20) 

 

4-2-1-1: Detection of the genetic polymorphism of the BC gene by 

RFLP technique  

   The results of the electrophoresis of the digested ABCG2, ABCB1, and BRCA1 

genes with MboI, MboI, EcoRI, respectively, by RFLP-PCR technique showed the 

presence of  two alleles C, T  and three genotypes CC, CT, TT in the BC patients and 

the control sample. When the band appears in the C field and does not appear in the T 

field, the genotype is called CC. If the bands appear in the T field and do not appear 

in the C field, the genotype is called TT, and when the band appears in C and T field, 

the genotype is called CT, as shown in figure (4-2), appendix (2).  
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4-2-1-1-1: Detection of the genetic polymorphism of ABCG2 gene by 

RFLP technique  

   The results of electrophoresis and digestion of the PCR products of the ABCG2 

gene by MboI restriction enzyme was showed that there are two alleles are (C, T), its 

frequencies in the patients (0.9, 0.1), respectively, and in the control (0.725, 0.275), 

respectively, and  three genotypes CC, CT, TT. Its frequencies in the patients (0.9, 0, 

0.1), and in the control (0.45, 0.55, 0), respectively, as shown in table (4-2). 

Table  (4-2): Allele frequency and genotype frequency in the ABCG2 gene of the 

breast cancer patient and control.   

Gene Genotypes No.Genotypes 
frequency 
(Patient ) 

No.Genotypes 
frequency 
(Control) 

Alleles 
 

No.Alleles 
frequency 
(Patient ) 

No.Alleles 
frequency 
(Control) 

 
ABCG2 

CC 18(0.9) 9(0.45) C 36(0.9) 29(0.725) 
CT 0(0) 11(0.55) T 4(0.1) 11(0.275) 
TT 2(0.1) 0(0) - - - 

BRCA 1 with EcoRI 
ABCB1  with Mbo I 

M M 

ABCG2 with MboI 

Figure (4-2) PCR  RFLP results for ABCG2, ABCB1, BRCA1 after digested with MboI, MboI, 

EcoRI restriction enzyme, respectively. (A) The first lane (M) on left  is ladder (25-300) bp in size, 

fragments were 300 bp and 62 bp for wild-type homozygote CC, while RFLP-PCR product 300 bp, 

150 bp and 62 bp for the heterozygote CT, 300 bp for Homozygote  mutant variant TT. (B) The first 

lane (M) on left is ladder (25-300) bp in size, fragments were 206 bp and 45 bp for the Wild-type 

homozygote CC, while 206 bp, 161 bp and 45 bp for the heterozygote CT, and 206 bp for 

Homozygote  mutant variant TT. (C) The first lane (M) on right  is ladder (100-1500) bp in size, 

fragments were 302 bp,163 bp for the heterozygote CT.  

CT CC 
CT CC TT CC CC CT CT CT M 

BRCA1 with EcoRI 

CT CT TT CC 
CC 

ABCG2 with MboI 

(A) 

ABCB1 with MboI 

(B) 

BRCA1 with EcoRI 

(C) 
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   The results of the frequency distribution of the C and T alleles of the ABCG2 gene, 

using the Hardy-Weinberg equilibrium law, showed different results between the 

breast cancer patients and the control. The C allele in the BC patients recorded a 

percentage (90%) compared to the T allele that recorded a percentage (10%), while 

the C allele in the control sample recorded a percentage (72.5%) compared to the (T) 

allele that recorded a percentage (27.5%), as shown in the table (4-3). 

Table (4-3):  Alleles and genotype percentages of  ABCG2 polymorphism among 

patients and controls.   

  

  The table (4-4) shown that the C, T frequency distribution differed significantly (P = 

0.05) between BC sample and the control sample, and the results showed the C allele 

figured a frequency in the BC with a higher percentage (90%) than the control sample 

(72.5%), while the T allele showed a frequency in the control sample with a greater 

percent (27.5%) than the BC sample (10%); Odd ratio (OR)= 3.4138; confidence 

interval (95% CI) = 0.9834-11.8501, as shown in table (4-4).  

Table (4-4) Alleles frequency of ABCG2 gene among breast cancer patients and 

control.  

   

   There are a high significant differences between the genotypes distribution of the 

BC patients and control group (P= 0.000), as shown in the table (4-5), figure (4-3). 

Gene Genotypes Patient% Control% Alleles Patient% Control% 
 

ABCG2 
CC 18(90) 9(45) C 36(90) 29(72.5) 
CT 0(0) 11(55) T 4(10) 11(27.5) 
TT 2(10) 0(0) - - - 

Gene Allele Patient% Control% OR 95% CI  P-value 
 

ABCG2 
C 36 (90) 29(72.5)  

3.4138 
 

0.9834 - 11.8501 
 

0.05* T 4(10) 11(27.5) 
% Percentage, OR Odd Ratio, CI Confidence Interval, C (Allele ), T (Allele) 

Significance *P <0.05,**P <0.01,***P <0.005, NS =No significance, P >0.05 
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Table (4-5): The genotype frequencies of the ABCG2 gene among the breast cancer 

patients and control group. 

 

 

 

 

 

 

 

 

    

 

   The results of the frequency distribution of the ABCG2 gene, using the Hardy-

Weinberg equilibrium law, showed different results between the genotypes of the BC 

patients and the control. The distribution in the control group is in the Hardy 

Weinberg equilibrium (HWE) revealed, no significant deviation (P= 0.0898) was 

recorded between ABCG2 observed and expected genotype, as shown in the table (4-

6), Appendix (3). 

 

Genes Genotypes Patient Control  Total  X2 P-value 
 

ABCG2    
  

CC 18 9 27  
 

16        

 
 

0.000***  
      

CT 0 11 11 
TT 2 0 2 

Total 20 20 40 

Significance  *P <0.05 ,**P <0.01 ,***P <0.005 ,   NS=No significance  P >0.05 

Figure (4-3) The comparison among  the numbers and percentages of the total CC, 
CT and TT genotype frequencies of the ABCG2 gene between BC patients and control 

group.                                                                                                                        
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 Table (4-6): The observed and expected frequencies under Hardy -Weinberg 

equilibrium in the  ABCG2 gene of the control. 

 

  The results of the genetic analysis of the RFLP-PCR technique for the ABCG2 gene, 

showed three genotypes in the BC sample and the control sample, which are CC, CT, 

and TT. The genotype (CC) showed a higher percentage in the BC sample compared 

to the control sample, and the percentages were 90%, and 45%, respectively, and 

there was a significant difference, (P = 0.0059; OR= 11.0000;  and 95% CI= 1.9976 - 

60.5734). 

   The genotype (CT) showed a higher percentage in the control sample compared to 

the BC sample, and the percentages were 55%, and 0%, respectively, and there was a 

significant difference, (P= 0.0091; OR= 0.0201;  and 95% CI= 0.0011- 0.3789). 

   The genotype (TT) showed a higher percentage in the breast cancer sample 

compared to the control group, and the percentages were 10 %, and 0%, respectively, 

without any significant difference between them (P= 0.2792; OR= 5.5405; and 95% 

CI= 0.2494-123.0857), as shown in the table (4-7). 

Table (4-7): Genotype distribution and frequencies of  ABCG2 polymorphism among 

breast cancer patients and control. 

Gene Genotypes Control 
(Observed) 

Control 
(Expected ) 

X2 

(H.W.E) 
 

P-value 
 

ABCG2 
CC 9 10.5  

2.8775  

 
0.0898  CT 11 8 

TT 0 1.5 
H.W.E Hardy - Weinberg equilibrium ( if P > 0.05 consistent with H.W.E), at 1 d.f.    X2  Chi-square 

Genes Genotypes Patient% Control% OR 95% CI  P-value 
 

ABCG2 
CC 18 (90) 9 (45) 11.0000 1.9976 - 60.5734 0.0059*** 
CT 0 (0) 11 (55) 0.0201 0.0011 - 0.3789 0.0091** 

 TT 2 (10) 0 (0) 5.5405 0.2494 - 123.0857 0.2792 
% Percentage, OR Odd Ratio,CI Confidence Interval, CC homozygous, CT heterozygous ,TT homozygous 

Significance  *P <0.05 ,**P <0.01 ,***P <0.005 ,   NS=No significance  P >0.05 



Chapter four                                                                                                              Results 
 

 
66 

   The findings of ABCG2 genotype by dominant model showed that the significant 

differences between breast cancer patients and the control, (P= 0.0059), this 

significant relation was observed under dominant model, as shown in the table (4-8). 

 Table (4-8): Distribution of the ABCG2 genotypes in the breast cancer patients and 

control under dominant model.  

    

   The findings of ABCG2 gene in recessive model showed that there were no 

significant differences between BC patients and the control, (P= 0.2792), this no 

significant relation was observed under recessive model, as shown in the table (4-9). 

 Table (4-9): Distribution of  the ABCG2 genotypes in the breast cancer patients and 

control under recessive model.  

 

 

 

 

Genes Genotypes Patient% Control% OR 95% CI  P-value 
ABCG2 

Dominant 
model  

CC 18(90) 9(45)  
   11.0000 

 
1.9976 - 60.5734 

 
0.0059** TT+CT 2(10) 11(55) 

% Percentage, OR Odd Ratio, CI Confidence Interval, CC homozygous,CT heterozygous ,TT homozygous 

Significance  *P <0.05 ,**P <0.01 ,***P <0.005 ,   NS=No significance  P >0.05 

Genes Genotypes Patient% Control% OR 95% CI  P-value 
ABCG2 

Recessive 
model 

CC+CT 18 (90) 20 (100)  
0.1805 

 
0.0081 - 4.0096 

 
0.2792 TT 2(10) 0(0) 

% Percentage, OR Odd Ratio, CI Confidence Interval, CC homozygous,CT heterozygous ,TT homozygous 

Significance  *P <0.05,**P <0.01,***P <0.005,   NS=No significance  P >0.05 
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4-2-1-1-2: Detection of the genetic polymorphism of ABCB1 gene by 

RFLP technique 

   The results of electrophoresis and digestion of the PCR products of the ABCB1 

gene by MboI restriction enzyme was documented two alleles were (C, T) and its 

frequencies in the patients (0.575, and 0.425), respectively, and in the control (0.8, 

and 0.2), respectively, with three genotypes (CC, CT, and  TT) and its frequencies in 

the patients (0.3, 0.55, and 0.15), and in the control (0.7, 0.2, and 0.1), respectively, 

as shown in table (4-10).  

Table (4-10): Allele frequency and genotype frequencies in the ABCB1 gene of the 

breast cancer patient and control. 

     

   The results of  the frequency distribution of the C and T alleles of the ABCB1 gene 

showed different results between the BC patients and the control, as shown in table 

(4-11). The C allele in the BC patients recorded higher percent (57.5%) compared to 

the T allele that recorded (42.5%), whereas the C allele in the control sample 

recorded percentage very high percent (80%) compared to the (T) allele that recorded 

(20%), as shown in the table (4-11). 

Table (4-11): Alleles and genotype percentages of ABCB1 gene polymorphism 

among patients and control.   

Gene Genotypes No.Genotypes 
frequency 
(Patient ) 

No.Genotypes 
frequency 
(Control) 

Alleles 
 

No.Alleles 
frequency 
(Patient ) 

No.Alleles 
frequency 
(Control) 

 
ABCB1 

CC 6(0.3) 14(0.7) C 23(0.575) 32(0.8) 
CT 11(0.55) 4(0.2) T 17 (0.425) 8 (0.2) 
TT 3(0.15) 2(0.1) - - - 

Gene Genotypes Patient% Control% Alleles Patient% Control% 
 

ABCB1 
CC 6(30) 14(70) C 23(57.5) 32(80) 
CT 11(55) 4 (20) T 17(42.5) 8(20) 
TT 3(15) 2 (10) - - - 
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The table (4-12) shown that the C, T frequency distribution differed significantly (P = 

0.033) between the BC sample and the control sample, and the results revealed that 

the C allele had higher frequency in the control group (80%) than the BC patients 

(57.5%), while the T allele showed a frequency in the BC group with a higher percent  

(42.5%) than the control sample (20%), (OR= 0.3382; 95%CI= 0.1249-0.9163). 

Table (4-12): Alleles frequency of ABCB1 gene among breast cancer patients and 

control. 

 

   There are significant differences between the genotypes distribution of the BC 

patient and control group, (P= 0.036) in relation to ABCB1 gene, as shown in the 

table (4-13), figure (4-4). 

Table (4-13): The genotype frequencies of the ABCB1gene among the breast cancer 

patients and control group. 

 

 

 

 

 

Gene Allele Patient% Control% OR 95% CI  P-value 
 

ABCB1 
C 23(57.5) 32(80)  

0.3382 
 

0.1249 - 0.9163 
 

0.033* T 17(42.5) 8(20) 
% Percentage , OR Odd Ratio ,CI Confidence Interval , C(Allele) ,T(Allele) 

Significance *P <0.05 ,**P <0.01 ,***P <0.005 , NS =No significance , P >0.05 

Genes Genotypes Patient Control Total X2 P-value 
 

ABCB1      
CC 6 14 20  

 
6.667     

        

 
   

0.036*   

        

CT 11 4 15 
TT 3 2 5 

Total 20       20 40 

Significance *P <0.05 ,**P <0.01 ,***P <0.005 , NS =No significance , P >0.05 
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   The frequency distribution of the ABCB1 gene, using the HWE law, showed 

different findings between the genotypes of the BC patients and healthy control. The 

distribution in the control group in HWE, is of no significant deviation (P= 0.0935),  

which is recorded between ABCB1 observed and expected genotype, as shown in the 

table (4-14), (Appendix 4). 

Table (4-14): The observed and expected frequencies under Hardy-Weinberg 

equilibrium in the ABCB1 gene of the control.  

 

   The results of the genetic analysis of the RFLP-PCR technique for the ABCB1 gene, 

showed three genotypes in the BC sample and the control sample, which are CC, CT, 

and TT. 

Gene Genotypes Control 
(Observed) 

Control 
(Expected ) 

X2 

(H.W.E) 
 

P-value 
 

ABCB1 
CC 14 12.8  

2.8125 
 

0.0935 CT 4 6.4 
TT 2 0.8 

H.W.E Hardy - Weinberg equilibrium ( if P > 0.05 consistent with H.W.E), at 1 d.f.    X2  Chi-square 

Figure  (4-4) The comparison among the CC, CT and TT genotype frequencies of the 
ABCB1 gene between BC and control group.   
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   The genotype (CC) showed a high percent in the control sample compared to the 

BC were 70%, and 30%, respectively, (P= 0.0141; OR= 0.1837 and 95%CI=  0.0475-

0.7103). 

   The genotype (CT) showed a strong association in the BC sample compared to the 

control group, were 55%, and 20%, respectively, (P = 0.0269; OR= 4.8889; 95%CI= 

1.1985 - 19.9429). 

   The genotype (TT) showed a high correlation in the BC patients compared to the 

control sample, were (15%), and (10%), respectively, (P = 0.6346; OR= 1.5882; 95% 

CI= 0.2356 - 10.7048), as shown in the table (4-15). 

Table (4-15): Genotype distribution and frequencies of  ABCB1 polymorphism 

among breast cancer patients and control. 

   

   The results of distribution of the ABCB1 genotypes in the breast cancer patients and 

control under dominant model showed a significant differences (P= 0.0141), as 

shown in the table (4-16). 

Table (4-16): Distribution of  the  ABCB1 genotypes in the breast cancer patients and 

control under dominant model. 

Genes Genotypes Patient% Control% OR 95% CI  P-value 
 

ABCB1 
CC 6(30) 14(70) 0.1837 0.0475 - 0.7103 0.0141** 
CT 11(55) 4(20) 4.8889 1.1985 - 19.9429 0.0269* 

 TT 3(15) 2(10) 1.5882 0.2356 - 10.7048 0.6346 
% Percentage, OR Odd Ratio, CI Confidence Interval, CC homozygous,CT heterozygous ,TT homozygous 

Significance  *P <0.05 ,**P <0.01 ,***P <0.005 ,   NS=No significance  P >0.05 

Genes Genotypes Patient% Control% OR 95% CI  P-value 
  ABCB1 
Dominant 

model 

CC 6(30) 14(70)  
   0.1837 

 
0.0475-0.7103 

 
0.0141** TT+CT 14(70) 6(30) 

% Percentage, OR Odd Ratio, CI Confidence Interval, CC homozygous,CT heterozygous ,TT homozygous 

Significance  *P <0.05 ,**P <0.01 ,***P <0.005 ,   NS=No significance  P >0.05 
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   The data of distribution of the ABCB1 genotypes in the breast cancer patients and 

control under recessive model showed no significant differences between both 

groups, (P= 0.6346), as shown in the table (4-17). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Genes Genotypes Patient% Control% OR 95% CI P-value 
ABCB1 

Recessive 
model 

CC+CT 17(85) 18(90)  
   0.6296 

 
0.0934 - 4.2437 

  
0.6346 TT 3(15) 2(10) 

% Percentage, OR Odd Ratio, CI Confidence Interval, CC homozygous,CT heterozygous ,TT homozygous 

Significance  *P <0.05 ,**P <0.01 ,***P <0.005 ,   NS = No significance  P >0.05 

Table (4-17): Distribution of the ABCB1 genotypes in the breast cancer patients and 

control under recessive model.  
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4-2-1-1-3: Detection of the genetic polymorphism of  BRCA1 gene by 

RFLP technique  

   The findings of electrophoresis and digestion of the PCR products of the BRCA1 

gene by EcoRI restriction enzyme were revealed two alleles(C,T) and the frequencies 

in the BC patients (0.05, 0.05), respectively, and in the control (0.525, 0.475), 

respectively, and three genotypes (CC, CT, TT), and the frequencies in the patients  

(0, 1, 0), and in the control (0.05, 0.95, 0 ), respectively, as shown in the table (4-18).  

Table (4-18): Allele frequency and genotype frequency in the  BRCA1 gene of the 

BC patients and control. 

   

   The frequency of the C and T alleles of the BRCA1 gene figured a slight different 

findings between the BC patients and the control. The C allele in the BC group  

recorded in 50% compared to the T allele 50%, while the C allele in the control 

sample recorded a 52.5% compared to the T allele that recorded as 47.5%, as shown 

in the table (4-19).  

Table (4-19): Alleles and genotype percentages of BRCA1 polymorphism among 

patients and control.   

 

 

Gene Genotypes No.Genotypes 
frequency 
(Patient ) 

No.Genotypes 
frequency 
(Control) 

Alleles 
 

No.Alleles 
frequency 
(Patient ) 

No.Alleles 
frequency 
(Control) 

 
BRCA1 

CC 0(0) 1(0.05) C 20(0.05) 21 (0.525) 
CT 20(1) 19(0.95) T 20(0.05) 19 (0.475) 
TT 0(0) 0(0) - - - 

Gene Genotypes Patient% Control% Alleles Patient% Control% 
 

BRCA1 
CC 0 (0) 1 (5) C 20 (50) 21(52.5) 
CT 20(100) 19(95) T 20(50) 19(47.5) 
TT 0(0) 0(0) - - - 
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   The table (4-20) shown the C, T frequency distribution not differ significantly (P= 

0.8230; OR= 0.9048; 95%CI= 0.3764-2.1749) between the BC sample and the 

control sample, and the data showed that the C allele frequency in the patient have 

the same percent 50% in the control sample, whereas the C allele showed a frequency 

in the control sample with a high percent 52.5% than the control sample 47.5% 

among alleles frequency of BRCA1 gene. 

Table (4-20): Alleles frequency of  BRCA1 gene among breast cancer patients and 

control.  

 

   There are no significant differences between the genotypes distribution of the 

patients and control group of the BRCA1 gene, (P= 0.311), as shown in the table (4-

21), figure (4-5). 

Table (4-21): The genotype frequencies of the BRCA1 gene among the breast cancer 

patients and control group. 

 

   

 

   

Gene Allele Patient% Control% OR 95% CI  P-value 
 

BRCA1  
C 20(50) 21 (52.5)   

0.9048 
 

0.3764-2.1749 
 

0.8230 T 20(50) 19(47.5) 
% Percentage, OR Odd Ratio,CI Confidence Interval,C (Allele),T(Allele) 

Significance *P <0.05 ,**P <0.01 ,***P <0.005 , NS =No significance , P >0.05 

Genes Genotypes Patient Control Total X2 P-value 
 

BRCA1 
CC 0 1 1  

 
1.026 

        

 
   

0.311 
CT 20 19 39 
TT 0 0 0 

Total 20 20 40 

Significance  *P <0.05 ,**P <0.01 ,***P <0.005 ,   NS=No significance  P >0.05 
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   Our results showed the genotypes distribution in the BC patient and the control 

group are no subject to HWE, as significant deviation were recorded between 

observed and expected genotype in BC patients and control (P= 0.000025), as shown 

in the table (4-22), (Appendix 5). 

Table (4-22): The observed and expected frequencies under Hardy -Weinberg 

equilibrium in the BRCA1 gene of the control 

 

   The genetic analysis of the RFLP-PCR technique for the BRCA1 gene, revealed  

three genotypes in the BC sample and the control sample, are CC, CT, and TT. 

Gene Genotypes Control 
(Observed) 

Control 
(Expected ) 

X2 

(H.W.E) 
 

P-value 
 

BRCA1 
CC 1 5.5  

16.371 
 

0.000052 CT 19 10.0 
TT 0 4.5 

H.W.E Hardy - Weinberg equilibrium ( if P < 0.05 not consistent with H.W.E) at 1 d.f.    , X2  Chi-square 

Figure (4-5) The comparison among the numbers and percentages of the CC, CT and 

TT genotype frequencies of  the BRCA1 gene between BC patients and control group.    
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   The genotype (CC) have a higher percent in the control sample compared to 

patients, with 5%, 0%, respectively, and there was no significant difference (P= 

0.4898; OR= 0.3171; 95%Cl= 0.0122-8.2610). 

   The genotype (CT) have  a higher percent in the BC patient compared to the control 

sample, 100%, 95%, respectively, and there was no significant difference between 

them, (P= 0.4898; OR= 3.1538; 95% CI= 0.1211-82.1697). 

   The genotype (TT) documented in the same percent in the both sample, 0% without 

any significant difference (P= 1; OR= 1; 95% CI= 0.0189-52.8531), as shown in the 

table (4-23). 

Table (4-23): Genotype distribution and frequencies of  BRCA1 polymorphism 

among breast cancer patients and control. 

 

   Distribution of the BRCA1genotypes in the breast cancer patients and control under 

dominant model showed no any significant differences between both groups, (P= 

0.4898), as shown in the table (4-24). 

Table (4-24): Distribution of the BRCA1 genotypes in the breast cancer patients and 

control under dominant model. 

Genes Genotypes Patient% Control% OR 95% CI  P-value 
 

BRCA1 
CC 0 (0) 1(5) 0.3171 0.0122-8.2610 0.4898 
CT 20(100) 19 (95) 3.1538 0.1211-82.1697 0.4898 
TT 0(0) 0 (0) 1 0.0189-52.8531 1.0000 

% Percentage , OR Odd Ratio ,CI Confidence Interval,CC homozygous,CT heterozygous ,TT homozygous 

Significance  *P <0.05 ,**P <0.01 ,***P <0.005 ,   NS=No significance  P >0.05 

Genes Genotypes Patient% Control% OR 95% CI  P-value 
BRCA1 

Dominant 
model 

CC 0(0) 1(5)  
     0.3171 

 
0.0122-8.2610 

 
0.4898 TT+CT 20(100) 19(95) 

% Percentage, OR Odd Ratio, CI Confidence Interval, CC homozygous,CT heterozygous ,TT homozygous 

Significance  *P <0.05 ,**P <0.01 ,***P <0.005 ,   NS=No significance  P >0.05 



Chapter four                                                                                                              Results 
 

 
76 

   Distribution of the BRCA1 genotypes in the breast cancer patients and control under 

recessive model showed no significant differences between two groups, (P= 1). This 

no significant relation was observed under recessive model, as shown in the table (4-

25). 

Table (4-25): Distribution of the BRCA1 genotypes in the breast cancer patients and 

control under recessive model. 

 

    

Genes Genotypes Patient% Control% OR 95% CI  P-value 
BRCA1 

Recessive 
model 

CC+CT 20(100) 20(100)  
         1 

 
    0.0189-52.8531 

 
1.0000 TT 0(0) 0(0) 

% Percentage, OR Odd Ratio, CI Confidence Interval, CC homozygous,CT heterozygous ,TT homozygous 

Significance  *P <0.05,**P <0.01,***P <0.005,   NS=No significance  P >0.05 
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4-2-2: PCR-RAPD  

   The DNA gel extraction of PCR product showed the amount of DNA of PCR 

product (specific gene) ranged from 52.392 to 88.712 ng/µl and absorbance ratio of 

A260/280 was obtained in the range of 1.71 to1.98 (nm) which was within the normal 

range (1.7-2.0) nm, using the NanoDrope device for detection. The DNA gel 

extraction showed a success of the specific gene amplification process. Therefore,  

PCR products can be use instead of DNA as a template in the RAPD technique. 

Therefore, this technique is called PCR-RAPD-PCR, as shown in figure (4-6). 

 

       

 

 

 

      

 

 

 

4-2-2-1:  PCR-RAPD-PCR (PRP) 

   The studied population in the PCR-RAPD-PCR technique is composed of 20 

verified female BC patients, and 20 control women.  

 

 

Figure (4-6) Extraction of PCR product from the gel, its used to estimate the amount of 

DNA in PCR mixture after amplification and then choose the appropriated PCR mixture 

(product) as a template for PCR-RAPD-PCR.                                                                
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4-2-2-1-1:  Detection of the genetic polymorphisms of the BC gene  by 

PCR-RAPD-PCR (PRP) technique  

   The electrophoresis of the BC gene (PCR product ) using RAPD primers showed a 

clear difference in the number of amplified gene bands and a clear difference in their 

molecular weights, depending on the primer used. The four primers (OPAA11, OPU 

15, OPAA17, and OPD18) were used to study the possibility of determining the 

genetic polymorphisms of the ABCG2, ABCB1, BRCA1, ER-α, and mi-RNA 152  

gene between both groups. The genetic polymorphisms in the two groups upon the 

presence or absence of  bands resulting from the amplification of certain segments of 

the genes of samples and the molecular weights of  those bands. The results of gene 

amplification showed that all primers (OPAA11, OPU15, OPAA17, and OPD18) 

amplified the ABCG2, ABCB1,  BRCA1,  ER-α, and mi-RNA 152  genes of the patient 

and the control group and type of band was determined depending on the size and  

site of the bands in the field of the gel, as shown in the figure (4-7).  

            

 

 

 

 

 

 

 

 

 

 

Figure (4-7) PCR-RAPD-PCR profile generated by four primer (OPAA11, OPU15, 

OPAA17, and OPD 18). The first lane from the right (M) is DNA ladder marker 100-

1500bp in size, the last lane from the left (M) is DNA ladder marker 25-300bp in size 

and  the other lanes are PCR-RAPD-PCR bands on 2% agarose gel electrophoresis. Red 

circles refer to unique bands. Blue arrow refers to the  lane of the  polymorphic band, 

green  lane refers to monomorphic band.   
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4-2-2-1-1-1: Detection of the genetic polymorphisms of the ABCG2 

gene by PRP 

  A marked  increase in the number of  total bands in the sample of patients compared  

to the healthy sample, (214 vs.162 ). 

    In our findings showed the total number of total bands of ABCG2 in the patient 

group was 214 band, the primer OPAA11 was given the highest number of bands 

(58) bands with highest ratio (27.10%) among other the primers in generating the 

total bands and the primer OPAA17 was the least one (21.49%), as it gave only 46 

bands, compared with 162 bands in the control sample. The OPAA11 primer gave the 

highest number of bands (45, 27.78%) bands. The primer OPD18 was the least 

percentage (23.46%), as it gave only 38 bands, as shown in table (4-26), (4-27), 

figure (4-8). 
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ABCG2 
patient 

OPAA11 58 27.10 4 
6.8965 

0.018 26.66 1 
1.724 

3 5.17 

OPU 15 56 26.17 6 
10.714 

0.028 40 0 
0 

3 5.35 

OPAA17 46 21.49 3 
6.5217 

0.014 20 5 
10.86 

3 6.52 

OPD 18 54 25.23 2 
3.7037 

0.009 13.33 4 
7.407 

3 5.56 

Total   214  15 
7.0093 

  10 
4.672 

12 5.607 

Table ( 4 -26):  The numbers  and percentages  of the  total band, polymorphic, unique, monomorphic 
band, and primer efficiency and primer discriminatory power that produced from amplified four primer 
RAPD in ABCG2 gene of breast cancer patient sample.  
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   In the patient sample, the smallest size  fragments were recorded at OPD 18 (20-30) 

bp, whereas the highest size fragments were recorded at OPAA 11and OPU 15 (990-

1000) bp in size, as shown in figure (4-9A). In comparison with control sample the 

smallest size fragments were recorded at (60 -70) bp at all primers and the highest 

size fragments were recorded  at OPU 15 (1090 - 1100) bp in size, as shown in figure  

(4-9B ). Besides, the primer OPD 18 showed the molecular weight (20-30) bp of the 
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ABCG2 
Control 

 
OPAA11 

 
45 

 
27.78 

 
6 13.333 

 
0.037 

 
42.85 

 
2 4.4444 

 
4 

 
8.89 

OPU15 39 24.07 4 10.256 0.024 28.57 2 5.1282 4 10.25 
OPAA17 40 24.69 2 5 0.012 14.28 0 0 4 10 

OPD18 38 23.46 2 5.2631 0.012 14.28 2 5.2631 4 10.52 

Total  162  14 8.6419   6 3.7037 16 9.876 

       Figure (4-8) Total number of  bands in ABCG2  gene.                                                                                                                                                         

Table (4-27):  The numbers  and percentages  of  the total band,  polymorphic,  unique,  monomorphic 
band, and primer efficiency and primer discriminatory power that produced  from amplified four primer 
RAPD in ABCG2 gene of control sample.  
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ABCG2 bands in the patient group and its absence in the other group, as shown in 

figure (4-9 A, B). 

 

 

 

 

 

 

 

   The total number of polymorphic bands was 15 bands,  polymorphisms 7.00%. The 

primer OPU15 gave the highest number of  polymorphic  band (6), compared with 

the control sample (14, 8.64%) bands. The primer OPAA11 gave the highest number 

of polymorphic band 6 bands. 

    The OPU15 have the highest efficiency (0.028). This primer gave the highest 

percentage of polymorphisms amounted to (10.714%) with a primer discriminatory 

power of 40%, which is the highest discriminatory power, compared with the control 

sample. The primer OPAA11 gave the highest number of  polymorphic band (6) 

bands and this is the highest efficiency (0.037). This primer gave the highest 

percentage of polymorphisms amounted to 13.333% with a primer discriminatory 

power of 42.85%, which is the highest discriminatory power, as shown in figure (4-

10 A, B). 

   The primer OPD 18 was the least efficient in generating polymorphic bands 

(0.009), as it gave only two polymorphic bands in BC group. This primer gave the 

lowest percentage of  polymorphisms (3.7037%) with a  primer discriminatory power  

of (13.33%), which is the least a primer discriminatory power, compared with the 

0

20

40

60

80

2
0

-3
0

5
0

-6
0

9
0

-1
0

0

1
6

0
-1

7
0

1
9

0
-2

0
0

2
2

0
-2

3
0

2
4

0
-2

5
0

2
9

0
-3

0
0

3
2

0
-3

3
0

3
9

0
-4

0
0

4
9

0
-5

0
0

5
4

0
-5

5
0

5
6

0
-5

7
0

5
9

0
-6

0
0

6
4

0
-6

5
0

6
6

0
-6

7
0

6
9

0
-7

0
0

8
9

0
-9

0
0

9
9

0
-1

0
0

0

To
ta

l

N
O

. o
f 

b
an

d
 in

 t
h

e 
 A

B
C

G
2

 g
en

e 
 

Size of band 
 (bp) 

OPAA 11 OPU 15 OPAA 17 OPD 18

0
10
20
30
40
50

6
0

-7
0

1
6

0
-1

7
0

1
9

0
-2

0
0

2
2

0
-2

3
0

2
6

0
-2

7
0

2
9

0
-3

0
0

3
4

0
-3

5
0

3
9

0
-4

0
0

4
9

0
-5

0
0

5
4

0
-5

5
0

5
9

0
-6

0
0

6
4

0
-6

5
0

6
6

0
-6

7
0

6
9

0
-7

0
0

7
9

0
-8

0
0

8
9

0
-9

0
0

9
9

0
-1

0
0

0

1
0

9
0

-1
1

0
0

To
ta

l

N
O

.o
f 

b
an

d
 in

 t
h

e 
 A

B
C

G
2

  g
en

e 

Size of band 

(bp)    

OPAA 11 OPU 15 OPAA 17 OPD 18

Figure (4-9) (A) Size range of the fragments in ABCG2  gene of BC patient. (B) Size range of 
the fragments in ABCG2 gene of control.     
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control sample. The primer OPAA17 and OPD18 were the least efficient in 

generating polymorphic band (0.012), which were given only two polymorphic bands 

for each one. The primer OPAA17 gave the lowest percentage of polymorphisms 5% 

with a primer discriminatory power of (14.28%) which showed the least a primer 

discriminatory power, as shown in figure (4-10 A, B).  

 

 

  

    

 

 

      

   The highest total number of unique band (10) bands in the patient sample compared 

with (6) bands in the control sample. While the highest total number of monomorphic 

band (16) band in control sample compared with (12) band in the patient sample.  

    In the patient sample, the primer OPAA17 was given the highest percentage of 

uniqueness and monomorphisms reached (10.86% and 6.52%), respectively. The 

primer OPU15 was given the lowest percentage of uniqueness amounted to 0%, while 

the primer OPAA11 was gave the lowest monomorphisms that amounted to (5.17%), 

as shown in table (4-26). 

   In the control sample, the primer OPD18 gave the highest uniqueness and 

monomorphisms reached (5.2631%  and 10.52%),  respectively. The primer OPAA17  

was given uniqueness amounted to 0%, while the primer OPAA11 was given the 

lowest monomorphisms that amounted to (8.89%), as shown in table (4-27). 

Figure (4-10)  (A) Primer efficiency in ABCG2 gene of  BC patient and control. (B) 
Primer discriminatory power in ABCG2 gene of  BC patient and control.                                                                                             

A B 
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    Although, there was no significant differences in the types of bands between both 

groups (P=0.451), as shown in table (4-28), figure (4-11). 

 

 

 

 

 
 

 
 

 

 

 

    
 

 

 

 
Gene 

 
Type of band 

 
Overall 

total band 

 
Total No.of 

band 
(patient) 

 
Total No.of  

 band 
(control) 

 
X2 

 
P-value 

 
 

ABCG2 

Polymorphic band 29 15 14  
1.593 

 
0.451 Unique  band 16 10 6 

Monomorphic band 28 12 16 
 Overall total  73 37 36   

Significance *P <0.05,**P <0.01,***P <0.005 , NS=No significant P >0.05 

Table (4-28) Statistical analysis for polymorphic, unique and monomorphic bands of 
ABCG2 gene between patient and control samples.  

Figure (4-11) Statistical numbers and percentages of the total polymorphic, unique 
and monomorphic bands of ABCG2 gene between BC patient and control.                     
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4-2-2-1-1-2  Detection of the genetic polymorphisms of the ABCB1 

gene by PRP  

    A marked increase in the number of total bands in the sample of patients compared 

to the control sample (215 vs. 114) bands.  

   The total number of  total bands of ABCB1 gene in the patient sample was 215 

band. The primer OPAA11 was given the highest number of (57) bands and it has the 

highest primer ratio (26.51%) in generating the total bands, while the primer OPU15 

was the least (23.73%), as it gave only (51) bands, compared with control sample 

(114) bands, the primer OPD 18 was given about (34) bands out of the total bands 

and it has highest ratio (29.82%) among others, while the primer OPU 15  was the 

least ratio (19.30%), as it gave only (22) bands, as shown in table (4-29), (4-30), 

figure (4-12). 
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ABCB1 
patient 

OPAA11 57 26.51 6 0.027 10.5263 24 2 3.5087 1 1.75 

OPU 15 51 23.73 5 0.023 9.80392 20 1 1.9607 1 1.96 

OPAA17 54 25.12 6 0.027 11.111 24 2 3.7037 1 1.85 

OPD 18 53 24.65 8 0.037 15.0943 32 3 5.6603 1 1.89 

Total  215  25  11.6279  8 3.7209 4 1.860 

Table (4-29): The numbers and percentages of the total band, polymorphic, unique,  
monomorphic band  and primer efficiency and primer discriminatory power that produced  from 

amplified four primer RAPD in ABCB1 gene of breast cancer patient sample.                              
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   In the patient sample, the smallest size fragments were recorded at OPAA 17 (20 -

30) bp while the highest size fragments were recorded at OPAA 11, OPD18 (990-

1000)  bp in size, as shown in figure (4-13 A), compared with the control sample the 

smallest size fragments were recorded at OPAA 11, OPU 15, OPD 18 (20-30) bp and 

the highest size fragments were recorded at OPAA11, OPD18  (290-300) bp, as 

shown in figure (4-13 B). The primer OPAA 17 showed  the molecular weight (20-

30) bp of the ABCB1 bands in the patient group and its absence from the control 

group, as shown in figure (4-13 A, B). 
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ABCB1 
Control 

OPAA11 32 28.07 4 12.5 0.035 30.76 0 0 1 3.125 
OPU15 22 19.30 4 18.1818 0.035 30.76 1 4.5454 1 4.55 

OPAA17 26 22.81 1 3.84615 0.008 7.69 2 7.6923 1 3.85 
OPD18 34 29.82 4 11.7647 0.035 30.76 0 0 1 2.94 

Total  114  13 11.4035   3 2.6315 4 3.508 

Table (4-30): The numbers and percentages of the total band, polymorphic, unique, 
monomorphic band  and primer efficiency and primer discriminatory power that produced from 
amplified four primer RAPD in ABCB1 gene of control sample.                                                                                                                                                                                  

Figure (4-12) Total number of bands in ABCB1 gene.                           
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   In patient sample, the total number of the polymorphic band was 25 band,  

polymorphisms(11.63%), the primer OPD18 gave the highest number of  

polymorphic  band  (8) bands, compared with the control sample the total number of 

the polymorphic band was (13) band, polymorphisms (11.4 %), the primers OPAA11, 

OPU15, and OPD18 were given the same number of the polymorphic band (4) bands.  

   In the patient sample, OPD18 has the highest primer efficiency (0.037). This primer 

gave the highest polymorphisms amounted to (15.09%) with a primer discriminatory 

power of (32%), which is the highest discriminatory power, compared with control 

sample OPAA11, OPU15, and OPD 18 have the highest efficiency (0.035), and the 

primer OPU15 was given the highest percentage of polymorphisms amounted to 

(18.18%) with a primer discriminatory power of (30.76 %), which is the highest 

discriminatory power, as shown in figure (4-14 B). 

   In the patient sample, the primer OPU15 was the least efficient in generating 

polymorphic bands (0.023), as it gave only five polymorphic bands, it gave the 

lowest polymorphisms (9.8%) with a  primer discriminatory power of (20%) and it 

has the least a primer discriminatory power, compared with control sample the primer 

OPAA17 was the least efficient in generating polymorphic bands (0.008), as it gave 
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Figure  (4-13) (A) Size range of the fragments in ABCB1 gene of  BC patient. (B) Size range of 
the fragments in ABCB1 gene of control.                                                                                
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only one polymorphic band, it has the lowest polymorphisms (3.85%) with  a primer 

discriminatory power of  (7.69%)  that it is the least a primer discriminatory power, 

as shown in figure (4-14 A, B). 

 

 

    

   Our results showed that the highest total number of the unique band (8) in the 

patient sample compared with (3) band in the control sample. While the total number 

of the monomorphic band was the same (4 bands) in the patient and control sample. 

    In the patient sample, the primer OPD18 was given the highest uniqueness reached 

(5.66%),  while the primer OPU15 was given the lowest uniqueness amounted to 

(1.96 %) and the primer  OPU15 gave the highest monomorphisms reached (1.96%),  

while the primer OPAA11 was gave the lowest monomorphisms that amounted to 

(1.75%), as shown in table (4-29).  

   In the control group, the primer OPAA17 was given the highest uniqueness reached 

(7.96%), while the primer OPAA11, OPD18 was not given any uniqueness. The 

primer OPU 15 gave the highest monomorphisms reached (4.55%), while the primer 

OPD 18 was given the lowest monomorphisms that amounted to (2.94%), as shown 

in table (4-30).  

Figure (4-14) (A) Primer efficiency in ABCB1 gene of BC patient and control. (B) 
Primer discriminatory power in ABCB1 gene of  BC patient and control.  
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    Although,  there were no significant differences in the types of bands between two 

samples (P= 0.580), as shown in table (4-31), figure (4-15). 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
Gene 

 
Type of band 

 
Overall 

total 
band 

 
Total No.of  

band 
(patient) 

 
Total No.of  

band 
(control) 

 
X2 

 
P-value 

 
ABCB1 

Polymorphic band 38 25 13  
1.089 

 
0.580 Unique  band 11 8 3 

Monomorphic band 8 4 4 
 Overall total  57 37 20   

Significance *P <0.05,**P <0.01,***P <0.005,NS=No significant  P >0.05 

Table (4-31) Statistical analysis for polymorphic, unique and monomorphic bands of 
ABCB1 gene between patient and control samples.                                                                       
                                                                                                    

Figure (4-15) Statistical numbers and percentages of the total polymorphic, unique and 

monomorphic bands of ABCB1 gene between BC patient and control. 
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4-2-2-1-1-3: Detection of the genetic polymorphisms of the BRCA1 

gene by PRP  

   There is a marked  increase in the number of total bands in the sample of patients 

compared to the control sample, (206 vs. 126) band. 

   The total number of total bands of BRCA1 gene in patient sample was 206 band, the 

primer OPU15 was gave the highest number of  bands 68 bands, it has highest primer 

percentage  ratio (33.01%) among others, while the primer OPD 18 was the least one 

(20.39%), as it gave only (42) bands, compared with (126) bands in the control 

sample. The primer OPAA11 was given the highest number of  bands as (42) bands. 

It has highest primer ratio (33.33%) among the primers, the primer OPD18 was the 

least (19.84%), as it gave only (25) bands, as shown in table (4-32), (4-33), figure (4-

16). 
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BRCA1 
Patient 

OPAA11 51 24.757 3 5.8823 0.014 15.78 3 5.88235 3 5.88 
OPU 15 68 33.01 5 7.3529 0.024 26.31 3 4.41176 3 4.41 
OPAA17 45 21.84 5 11.11 0.024 26.31 2 4.4444 3 6.67 
OPD 18 42 20.39 6 14.285 0.029 31.57 3 7.14285 3 7.14 

Total  206  19 9.2233   11 5.3398 12 5.825 

Table (4-32): The numbers and percentages of total band, polymorphic, unique, monomorphic 
band  and primer efficiency and primer discriminatory power that produced  from amplified four 
primer RAPD in BRCA1 gene of breast cancer patient sample.  



Chapter four                                                                                                  Results 
 

 

90 

 

 

 

 

 

 

 

  

 

   

 

    In the patient  sample, the  smallest size fragments were recorded at OPAA17 (20- 

30) bp,  while the highest size fragments were recorded at OPU15 (990-1000) bp in 

size, as shown in figure (4-17A).When compared with the control sample the  

smallest  size fragments were recorded at all primer (50-60) bp and the highest size 

fragments were recorded at OPAA17(1090-1100) bp in size, as shown in figure (4-17 

B). The primer OPAA17 showed the molecular weight (20-30) bp of the BRCA1 

 G
en

e
 

R
A

P
D

 P
ri

m
er

 

T
ot

al
 N

o.
 o

f
 

ba
nd

s
 

P
er

ce
nt

ag
e 

of
 

pr
im

er
 b

an
ds

 
 

 % 
 

T
ot

al
 N

o.
 o

f
 P

ol
ym

or
ph

ic
 

ba
nd

s
 

P
ol

ym
or

ph
is

m
 %

 

P
ri

m
er

 e
ff

ic
ie

nc
y

 

P
ri

m
er

 
di

sc
ri

m
in

at
or

y 
po

w
er

  %
 

T
ot

al
 N

o.
 o

f
 

U
ni

qu
e 

ba
nd

s
 

 
U

ni
qu

en
es

s 
%

 

T
ot

al
 N

o.
 o

f
 M

on
om

or
ph

ic
 

ba
nd

s
 

M
on

om
or

ph
is

m
s 

%
 

 
 

BRCA1 
control 

OPAA11 42 33.33 3 7.14285 0.023 37.5 1 2.38095 3 7.14 

OPU 15 30 23.81 2 6.66666 0.015 25 2 6.66666 3 10 

OPAA17 29 23.06 3 10.3448 0.023 37.5 1 3.44827 3 10.34 

OPD 18 25 19.84 0 0 0 0 4 16 3 12 
Total  126  8 6.34920   8 6.34920 12 9.523 

Table (4-33 ): The numbers and percentages of the total band, polymorphic, unique, 
monomorphic band, and primer efficiency and primer discriminatory power that produced  from 

amplified four primer RAPD in BRCA1 gene of control sample.                                                

Figure (4-16) Total number of  bands in BRCA1 gene.                                                  
                                                                                                                      



Chapter four                                                                                                  Results 
 

 

91 

bands in the patient group and its missed from the control group, as shown in figure 

(4-17 A, B). 

 

 

 

 

 

 

 

       

   In the patient sample, the total number of the polymorphic band was 19 band,  

polymorphisms (9.22%), the primer OPD 18 gave the highest number of polymorphic 

band (6 vs.8) bands,  polymorphisms was 6.35%, the primer OPAA11, OPAA17  

gave the highest number of polymorphic band (3) bands. 

   In the patient sample, the OPD18 primer has the highest efficiency (0.029). This 

primer gave the highest polymorphisms amounted to (14.29%) with a primer 

discriminatory power of (31.57%), which is the highest discriminatory power, 

compared with the control sample the primer OPAA11, OPAA17 have the highest 

primer efficiency (0.023). The OPAA17 primer gave the highest polymorphisms 

amounted to (10.34%) with a primer discriminatory power of  (37.5%), which is the 

highest discriminatory power, as shown in figure (4-18 A, B). 

   In the patient sample, the primer OPAA11 gave the least efficient in generating 

polymorphic bands (0.014),  as it gave only three polymorphic bands, it gave the 

lowest polymorphisms (5.88%) with a primer discriminatory power of (15.78%),  and 

it has the least a primer discriminatory power, compared with control sample the 
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Figure (4-17) (A) Size range of the fragments in BRCA1  gene of BC patient. (B) Size range of 
the fragments in BRCA1 gene of control.                                                                                          
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primer OPD18 was the least efficient in generating polymorphic band, it gave no 

polymorphic bands with no percent and no primer discriminatory power, as shown in 

figure (4-18 A, B). 

 

 

 

 

 

 

      

   The highest total number of unique band (11) bands in the patient sample, 

compared with (8) bands in the control sample.Whereas the total number of the 

monomorphic band was the same 12 bands in both samples. 

   In the patient sample, the primer OPD18 was given the highest uniqueness and 

monomorphisms reached (7.14285, 7.14%), respectively, whereas the primer OPU15 

was given the lowest uniqueness and monomorphisms amounted to (4.41176,  

4.41%), respectively, as shown in table (4-32). In comparison with control sample the 

primer OPU15 was given the highes uniqueness and monomorphisms reached (16 

%,12%), respectively, while the primer OPAA11was given the lowest uniqueness and 

monomorphisms amounted to (2.38%, 7.14 %),  respectively, as in table (4-33). 

   Although, there were no significant differences in the types of bands between the 

patient sample and the control sample, (P= 0.325),  as shown in table (4-34), figure 

(4-19). 

 

Figure (4-18)  (A) Primer efficiency in BRCA1 gene of  BC patient and control. (B) 
Primer discriminatory power in BRCA1 gene of BC patient and control.  

B A 
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Gene 

 
Type of band 

 
Overall total 

band 

 
Total No.of  

band 
(patient) 

 
Total No.of  

band 
(control) 

 
X2 

 
P-value 

 
BRCA1 

Polymorphic band 27 19 8  
2.245 

 
0.325 Unique  band 19 11 8 

Monomorphic band 24 12 12 
 Overall total 70 42 28   

Significance  *P <0.05,**P <0.01,***P <0.005 , NS=No significance P >0.05 

Table (4-34): Statistical analysis for polymorphic, unique and monomorphic bands of 
BRCA1 gene between patient and control samples.                                                           
                                                                                                                     

Figure (4-19) Statistical numbers and percentages of the total polymorphic, unique 

and monomorphic bands of BRCA1 gene between BC patient and control.                   
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4-2-2-1-1-4:  Detection of the genetic polymorphisms of the ER-α gene 

by PRP.  

   A marked strongest increasing in the number of total bands in the sample of patient 

compared to the control sample, (298 vs. 128) bands. 

   The total number of  total bands of  ER-α  in the patient group  was  298 band , the 

primer OPD18 was given the highest number of  bands (86), it has the highest primer 

ratio (28.85%) others and the primer OPAA17 was the least (17.44%), as it gave only 

52 bands, compared with (128) bands in the control sample, the primer OPD18 was 

given the highest number of bands (44) and it has highest primer ratio (34.38%) 

among the primers rates and  the primer OPAA11 was the least (14.06%), as it gave 

only (18) bands, as shown in table (4-35), (4-36), figure (4-20). 
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ER-α 
patient 

OPAA11 81 27.18 5    0.016 6.1728 27.77 2 2.46913 4 4.93 
OPU15 79 26.51 3 0.010 3.7974 16.66 0 0    4 5.06 
OPAA17 52 17.44 4 0.013 7.6923 22.22 1 3.84615 4 7.69 
OPD18 86 28.85 6 0.020 6.9767 33.33 2 2.32558 4 4.65 

Total  298  18  6.0402  5 1.67785 16 5.3691 

Table (4-35): The numbers and percentages of the total band, polymorphic, unique, 
monomorphic band, and primer efficiency and primer discriminatory power that produced    

from amplified four primer RAPD in ER-α  gene of breast cancer patient sample.                
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    In the patient sample the smallest size fragments were recorded at OPAA11, OPD 

18 (40-50) bp, whereas the highest size fragments were recorded at all primer (890 - 

900) bp in size, as shown in figure (4-21A). When compared with control sample the 

smallest size fragments were recorded at OPU15, OPAA 17, and OPD 18 and the 

highest size fragments were recorded at OPAA11, OPU15, and OPD 18 (890-900) bp 

in size, as shown in figure (4-21B). The primer OPAA11 showed the molecular 

weight (40-50) bp of the ER-α bands in the patient group and its not found in the 

control group, as shown in figure (4-21 A, B). 
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ER-α 
Control 

OPAA11 18 14.06 8 44.4444 0.062 23.52 1 5.5555 0 0 
OPU15 41 32.03 10 24.3902 0.078 29.41 1 2.43902 0 0 

OPAA17 25 19.53 7 28 0.054 20.58 2 8 0 0 
OPD18 44 34.38 9 20.4545 0.070 26.47 3 6.8181 0 0 

Total  128  34 26.5625   7 5.46875 0 0 

Table (4-36): The numbers and percentages of the total band, polymorphic, unique, 
monomorphic  band  and primer efficiency and primer discriminatory power that produced  
from amplified four primer RAPD in ER-α  gene of control sample.                                                                                                                                                                                      

Figure (4-20)  Total number of bands in ER-α gene.                                             
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    In the patient sample, the total number of  the polymorphic band was 18 band, the 

polymorphisms was (6.04%), the primer OPD18 gave the highest number of  

polymorphic band (6), compared with the control sample the total number of the 

polymorphic band  was (34) bands, and the polymorphisms was 26.56 %. The primer 

OPU15 gave the highest number of polymorphic band (10) bands. 

     In the patient sample, primer OPD18 has the highest efficiency (0.020). Despite 

this, the primer OPAA17 was given the highest polymorphisms amounted to (7.69 %)  

with a primer discriminatory power of 22.22%. The highest discriminatory power  

was 33.33% for OPD18,  compared with the control sample the primer OPU15 has 

the highest efficiency (0.078). Despite this, the primer OPAA11was given the highest 

polymorphisms amounted to (44.44%) with a primer discriminatory power of 23.52 

%.The highest discriminatory power was 29.41% for OPU15, as shown in figure (4-

22 A, B). 

   In the patient sample, the primer OPU15 was the least efficient in generating 

polymorphic bands (0.010), as it gave only three polymorphic bands, this primer gave 

the lowest polymorphisms (3.79 %) with a primer discriminatory power of  16.66%, 

and it has the least a primer discriminatory power, compared with the control sample 

the primer OPAA 17 was the least efficient in generating polymorphic bands(0.054), 

as it gave seven polymorphic bands. Despite this, the OPD18 primer gave the lowest  
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Figure (4-21) (A) Size range of the fragments in ER-α  gene of BC patient. (B) Size range of the 
fragments in ER-α  gene of control. 
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polymorphisms amounted to (20.45%) with a primer discriminatory power of 

26.47%. The lowest discriminatory power was 20.58% for OPAA17, as shown in 

figure (4-22 B). 

 

 

 

 

 

 

 

 

   The highest total number of the unique band (7) in the control sample compared 

with five bands in the patient sample, while the highest total number of the 

monomorphic band was in the patient sample (16) bands compared with no band in 

the control sample. 

    In the patient sample, the primer OPAA17 was given the highest uniqueness and 

monomorphisms reached (3.85%, 7.69%), respectively. The primer OPU15 was 

given no uniqueness, the primer OPD18 was given the lowest monomorphisms 

amounted to (4.65%),  as shown in table (4-35), compared with the control sample 

the primer OPD18 gave the highest uniqueness reached (6.82%) and the primer 

OPAA11 was given the lowest uniqueness amounted to 2.44%, the monomorphisms 

amounted to zero, as shown in table (4-36). 

   There were significant differences in the types of  bands between both samples, (P= 

0.000), as shown in the table (4-37), figure (4-23). 

 Figure (4-22) (A) Primer efficiency in ER-α gene of BC patient and control. (B) Primer 
discriminatory power in ER-α  gene of  BC patient and control.                                                                   
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Gene 

 
Type of band 

 
Overall 
total band  

 
Total No.of  

band 
(patient) 

 
Total No.of  

band 
(control) 

 
     X2   

 
P-value 

 
ER-α 

Polymorphic band 52 18 34  
21.220 

 
0.000*** Unique  band 12 5 7 

Monomorphic band 16 16 0 
 Overall total  80 39 41   

Significance *P<0.05,**P<0.01,***P<0.005 , NS=No significant  P>0.05 

Table  (4-37): Statistical analysis for polymorphic, unique and monomorphic bands of 
ER-α  gene between patient and control samples.                                                            
                                                                                                        

Figure (4-23) Statistical numbers and percentages of the total polymorphic, unique and 
monomorphic bands of ER-α  gene between BC patient and control.                                       
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4-2-2-1-1-5:  Detection of the genetic polymorphisms of the miRNA- 

152 gene by PRP  

    There is a marked increase in the number of  total bands in the BC samples 

compared to the control samples, (149 vs. 93) bands.  

  The total number of total bands of  miRNA-152 gene was (149) bands, the primer 

OPAA11 was given the highest number of  bands (43), it has the highest primer ratio 

(28.85 %) among other primers, while the primer OPD18 was the least (21.48%), as 

it gave only (32) bands, compared with control sample, the total number of total 

bands were (93) bands, the primer OPAA11 and OPAA17 were given the highest 

number of  bands (24) and they have the highest primer ratio (25.81%) among, while 

the primer OPD 18 was the least (23.66%), as it gave only (22) bands, as shown in 

table (4-38), (4-39), figure (4-24). 
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miRNA 
patient 

OPAA11 43 28.85 2 4.651162 0.013 25 1 2.32558 2 4.65 
OPU15 38 25.50 2 5.263157 0.013 25 1 2.631578 2 5.26 

OPAA17 36 24.16 2 5.555555 0.013 25 0 0 2 5.56 
OPD18 32 21.48 2 6.25 0.013 25 0 0 2 6.25 

Total  149  8 5.369127   2 1.342281 8 5.369 

Table (4-38): The numbers and percentages of the total band, polymorphic, unique, monomorphic 
band  and primer efficiency and primer discriminatory power that produced  from amplified four 
primer RAPD in mi RNA-152 gene of breast cancer patient sample.                                                        
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    In the patient sample, the smallest size fragments were recorded at OPAA 17, OPD 

18 (20-40) bp, whereas the highest size fragments were recorded at OPAA11, OPU 

15(290-300) bp in size, as shown in figure (4-25 A). When shifted to the control 

sample the smallest size fragments were recorded at all primer (50-60) bp and the 

highest size fragments were recorded at all primer (170-180) bp, as shown in figure 

(4-25 B). Our results showed that the primer OPAA17, OPD18 showed the molecular 

weight (20-40) bp of the mi-RNA 152 bands in the patient group and not found in the 

control group, as shown in figure (4-25 A, B). 
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miRNA 
Control 

OPAA11 24 25.81 0 0 0 0 0 0 3 12.5 
OPU15 23 24.73 0 0 0 0 0 0 3 13.04 

OPAA17 24 25.81 0 0 0 0 0 0 3 12.5 
OPD18 22 23.66 0 0 0 0 0 0 3 13.63 

Total  93  0 0   0 0 12 12.903        

Table (4-39): The numbers and percentages of the  total band, polymorphic, unique, monomorphic 
band, and primer efficiency and primer discriminatory power that produced from amplified four 
primer RAPD in miRNA -152  gene of control sample.                                                                  

Figure (4-24) Total number of  bands in miRNA-152  gene.                     
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  The total number of the polymorphic band was (8) bands, polymorphisms 

percentage was 5.37%, the four primer OPAA11, OPU15, OPAA17, and OPD18 

were given the same number of  polymorphic band (2) band, compared with the 

control sample, no polymorphic band, the four primer OPAA11, OPU15, OPAA17, 

and OPD18 were given no polymorphic band. 

   Approximately, four primers of BC samples have the same primer efficiency 

(0.013). The primer OPD18 was given the highest polymorphisms amounted to 

(6.25%) with a primer discriminatory power of  (25%), whereas the four primers have 

the same discriminatory power (25%), compared with the control sample, the four 

primers have not primer efficiency, and have not primer discriminatory power, as 

shown in figure (4-26 A, B). 

    In the patient sample, the four primers have the same primer efficiency (0.013). 

The primer OPAA11 was given the lowest polymorphisms (4.65%) with a primer 

discriminatory power of  25%, compared with the control sample the four primers 

were not given any polymorphisms and primer discriminatory power, as shown in 

figure (4-26 A, B). 
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Figure (4-25) (A) Size range of the fragments in miRNA-152  gene of BC patient. (B) Size 
range of the fragments in miRNA-152 gene of control.                                                           
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   In the patient sample, the highest total number of unique band and the 

monomorphic band were (2, 8), respectively, as in the table (4-38), compared with 

the control sample the highest total number of unique and monomorphic bands were 

(0, 12), respectively, as in the table (4-39). 

   In the patient sample, the primer OPU15 gave the highest uniqueness reached ( 

2.63%), the primers OPAA17 and OPD 18 were not given any uniqueness, the primer 

OPD18 gave the highest monomorphisms reached (6.25%). The primer OPAA11 was 

gave the lowest monomorphisms amounted to (4.65%), as shown in table (4-38).  

   In comparison with the control sample, the four primers not gave any uniqueness, 

the primer OPD18 was given the highest monomorphisms amounted to (13.63%), 

while the primer OPAA11 and  OPAA17 were given the lowest monomorphisms 

amounted to (12.5%), as shown in the table (4-39).  

   Furthermore, there were strongest significant differences in the types of bands 

between both samples, (P= 0.007), as shown in table (4-40), figure (4-27). 

 

 

Figure (4-26) (A) Primer efficiency in miRNA-152  gene of BC patient and control. 
(B) primer discriminatory power in miRNA-152  gene of BC patient and control.          
                                                      

A B 
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Gene 

 
Type of band 

 
Overall 

total 
band 

 

 
Total No.of  

band 
(patient) 

 
Total No.of  

band 
(control) 

 
X2 

 
P-value 

 
mi-RNA 

152 

Polymorphic band 8 8 0  
10.000 

 
0.007** Unique  band 2 2 0 

Monomorphic band 20 8 12 
 Overall total  30 18 12   

 Significance*P <0.05,**P <0.01,***P <0.005 , NS=No significance P >0.05 

Table (4-40) Statistical analysis for polymorphic, unique and monomorphic bands of 

mi-RNA 152  gene between patient and control samples.                                                    

Figure (4-27) Statistical numbers and percentages of the total polymorphic, unique and 
monomorphic bands of miRNA-152  gene between  BC patient and control.                    
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 4-2-3: Detection polymorphism of BC related gene by nucleotide  

sequencing  

 4-2-3-1: ABCG2 gene  

   The results of the nucleotide sequence analysis of 14 samples revealed the 

presence of changes in the nitrogenous bases, specifically in the (38, 71, 141, 148,  

150, 163, 167, 169, 172, 2559, 96428) sites of the ABCG2 gene, as the base T 

changed to C (T141C), (T148C), (T169C), as the base G changed to A, (G38A), 

(G96428A), as the base G converted to C (G150C), (G172C), (G2559C), as the 

base G and A deletion at site 163,167, respectively, as shown in the table (4-41), 

figure (4-28), and appendix(7). 

   The polymorphisms (G71T), (T141C), (T148C), (G150C), (T169C), (G172C) led 

to a change in the genetic codes, led to a change of amino acids at the level of the 

resulting protein from (Serine) to (Tyrosine), (Methionine) to (Serine), 

(Methionine) to (Valine), (Proline) to (Alanine), (Methionine) to (Valine), 

(Proline) to (Alanine ), respectively, where the mutations were not synonymous 

(missense mutation), as shown in table (4-41), figure (4-29).  

   Our results showed that the polymorphisms (G38A), (G2559C), (G96428C), 

despite the change of genetic codes, but they gave the same amino acid (Glutamic) 

to (Glutamic ), (Isoleucine) to (Isoleucine), (Glutamic) to (Glutamic), respectively,  

meaning that the mutations are silent, as shown in the table (4-41). 

   Our results  showed that the deletion G and A at sites 163 and 167, respectively, 

led to a change in the genetic codes, which led to a change of amino acids at the 

level of the resulting protein, where the mutations were frameshift mutations, as 

shown in the table (4-41). 
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Figure (4-28) Single nucleotide polymorphisms (SNPs) at the studied sites of the 

ABCG2 gene.    
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ABCG2 

38 
71 

141 
148 
150 
163 
167 
169 
172 
2559 

96428 
 

G˃A 
G˃T 
T˃C 
T˃C 
G˃C 
G 
A 
T˃C 
G˃C 
G˃C 
G˃A 

E˃E 
S˃Y 
M˃S 
M˃V 
P˃A 

- 
- 

M˃V 
P˃A 
I˃I 

E˃E 

Transition 
Transversion 
Transition 
Transition 
Transversion 
Deletion 
Deletion 
Transition 
Transversion 
Transversion 
Transversion 

Silent  
Missense  
Missense  
Missense  
Missense  
Frame shift 
Frame shift 
Missense  
Missense  
Silent  
Silent  

AY333756.1 
HE819179.1 
HE819179.1 
HE963049.1 
HE963049.1 
HE963049.1 
HE963049.1 
HE819179.1 
HE819179.1 

   AB973570 
NG032067.2 

TCG ˃ TCA 
GAA˃ TAA 
ATT˃ ACT 
ACT˃ACC 
GCG˃CCC 

- 
- 

ATT˃ ACT 
GGG˃ GCG 
GGA˃CGA 
TCG ˃TCA 

 
 
 
 

 
54.54 

 
 
 
 

 
27.27 

 
 
 
 
- 

 
 
 
 

18.18 

SNP:single nucleotide polymorphism  ; InDel: insertion /deletion  polymorphism  ; C: Cytosine ; T:Thymine ; A:adenine ; G :Guanine ; M: 
Methionine  ;  A: Alanine  ;  P: Proline ;  V: Valine  ; Y: Tyrosine  ;  S: Serine ; I: Isoleucine; E: Glutamic           

 

Table (4-41) Nucleotide changes, the type of mutations and the resulting amino acid changes   
and their impact on the translation process of the ABCG2 gene.                                              
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Figure (4-29) Three-dimensional shapes of the ABCG2 protein (3D protein) in 
breast cancer patients.  

 

   Here, the largest proportion of ABCG2 mutations (54.54%)  was in favor of  

missense mutations, as shown in the table (4-41), figure (4-30). 

 

 

 
 

 
 
 

 
 

 
 

 

Figure (4-30) The percentages of mutations in the ABCG2 gene.  
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4-2-3-2: ABCB1 gene     

   The sequencing analysis of 14 samples revealed the presence of changes in the 

nitrogenous bases, specifically at (55, 59, 89, 90, 113, 139, 153, 323) sites of  the  

ABCB1 gene, the base G changed to C (G55C),  the base T changed to G (T59G), 

the base C changed to A (C89A), the base C changed to G (C90G), the base A 

changed to C (A113C), the base A changed to T (A139T), the base C changed to T 

(C153T), (C323T), respectively, as shown in the table (4-42), figure (4-31) and 

appendix (7).  

   The polymorphisms (G55C), (T59G), (C89A), (C90G), (A113C), and (A139T) 

led to a change in the genetic codes, which led to a change of amino acids at the 

level of the resulting protein from (Valine) to (Leucine),  (Valine) to (Glysine), 

(Alanine) to (Aspartic acid), (Valine) to (Aspartic acid), (Aspartic acid) to 

(Alanine), and (Threonine) to (Serine), where the mutations were not synonymous 

(missense mutation). 

   In addition, the polymorphisms (C153T) and (C323T), despite the change of 

genetic codes, but gave the same amino acid (Isoleucine) to (Isoleucine), 

(Isoleucine) to (Isoleucine), respectively, meaning that the mutations are silent 

(synonymous), as shown in the table (4-42).  

   As a result, the 3D protein of  ABCB1 in BC patient, as shown in figure (4-32). 
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Figure (4-31) Single nucleotide polymorphisms (SNPs) at the studied sites of the 

ABCB1 gene.  
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ABCB1 

55 
59 
89 
90 

113 
139 
153 
323 

 
 
 

G˃C 
T˃G 
C˃A 
C˃G 
A˃C 
A˃T 
C˃T 
C˃T 

V˃L 
V˃G 
A˃D 
V˃D 
D˃A 
T˃S 
I˃I 
I˃I 

Transversion 
Transversion  
Transversion 
Transversion 
Transversion 
Transversion 
Transition  
Transition  

Missense 
Missense 
Missense  
Missense 
Missense 
Missense 
Silent 
Silent 

HQ291759.1 
HQ291759.1 
HQ29175.1 
HQ291630.1 
HQ291612.1 
HQ291612.1 
HQ291612.1 
FJ158815.1 
 

GTG˃CTG 
GTC˃GGC 
GCC˃GAC 
GAC˃GTG 
GAC˃GCC 
ACA ˃TCA 
ATC˃ATT 
ATC˃ATT 

 
 
 

75% 

 
 
 

25% 

 
 
 
- 

 
 
 
- 

SNP:single nucleotide polymorphism  ; InDel :insertion /deletion  polymorphism  ; C: Cytosine ; T:Thymine ; A:adenine ; G : Guanine;  I: 
Isoleucine ; S: Serine ; A: Alanine ; T: Threonine ; D: Aspartic acid ; G: Glysine ; L:leucine 

 

Table (4-42) Nucleotide changes, the type of mutations and the resulting amino acid changes 
and their impact on the translation process of the ABCB1 gene. 



Chapter four                                                                                                                 Results 
 

 
109 

 

 

 

 

 

 

 

Figure (4-32) Three-dimensional shapes of the ABCB1 protein (3D protein) in 
breast cancer patients. 

 

   Furthermore, the largest proportion of ABCB1 mutations (75%)  was in favor of 

missense mutations, as shown in the table (4-42) , figure (4-33). 

 

 

 

 

 

 

  

 

Figure (4-33) The percentages of mutations in the ABCB1 gene. 
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4-2-3-3 : BRCA1 gene     

    The nucleotide sequence analysis of four samples revealed the presence of 

changes in the nitrogenous bases, specifically in the sites (213, 248, and 261) of  

the BRCA1 gene,  as the base C changed to T ( C213T), and the base T changed to 

C (T248C and T261C), as shown in the table (4-43), figure (4-34) and appendix 

(7).  

   Moreover, polymorphisms (C213T), (T248C), and  (T261C) led to a change in 

the genetic codes, which led to a change of amino acids at the level of the resulting 

protein from (Valine) to (Methionine), (Glutamic) to (Glysine), (Threonine) to 

(Histidine), where the mutations were not synonymous (missense mutations), as 

shown in the table (4-43). The 3D protein of BRCA1, as shown in figure (4-35).   
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BRCA1 

213 
248 
261 

C˃T 
T˃C 
T˃C 

V˃M 
E˃G 
T>H 

Transition 
Transition 
Transition 

Missense 
Missense 
Missense 

  AY304547.1 
  AY304547.1 

-   
  

CAC˃CAT 
TTC˃TCC 
CAT ˃CAC 

    

 100 

       
    -    

 
- 

 
- 

SNP:single nucleotide polymorphism  ; InDel :insertion /deletion  polymorphism  ; C: Cytosine ; T:Thymine ; A:adenine ; G : Guanine;  T: 
Threonine ; H: Histidine ; M: Methionine ;  E: Glutamic; G: Glysine;  V: Valine  *: The symbol (*) indicates mutation identification by 
Geneious prime program so it does not have accession number.   

 

Figure (4-34) Single nucleotide polymorphisms (SNPs) at the studied sites of the BRCA1 gene. 

Table (4-43) Nucleotide changes, the type of mutations and the resulting amino acid changes 
and their impact on the translation process of the BRCA1 gene.                                           
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Figure (4-35) Three-dimensional shapes of the BRCA1 protein (3D protein) in 
breast cancer patients. 

 

  Also, the largest proportion of BRCA1 mutations (100%)  were  in favor of 

missense  mutations, as shown in table (4-43), figure (4-36). 

 

 
 

 
 

 

 

 

 

 

 

 

Figure (4-36) The percentages of mutations in the BRCA1 gene. 
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4-2-3-4:  ER-α  gene    

   In the sequencing analysis of seven samples revealed the presence of changes in 

the nitrogenous bases, specifically in the sites (114, 244, 344, 424, 440, 454) of  the  

ER-α gene, the base C changed to T (C114T), the base C changed to G (C244G), 

(C344G), the base C changed to T (C424T), the base T changed to C (T440C),  the 

base A deletion at 454 site, as shown in the table (4-44), figure (4-37), appendix 

(7).  

    The polymorphisms (T440C) led to a change in the genetic codes, from 

(Leucine) to (Proline), where the mutations were not synonymous )missense 

mutation), as shown in table (4-44). 

   The polymorphisms (C114T), (C244G), (C344G), and (C424T), despite the 

change of genetic codes, but gave the same amino acid (Glycine) to (Glycine), 

(Glycine) to (Glycine), (Alanine) to (Alanine ), (Serine) to (Serine), respectively, 

meaning that the mutations are silent (synonymous), as shown in table (4-44).  

   Besides, the deletion A in the site 454 led to a change in the genetic codes, where 

the mutation is frameshift mutation, as shown in table (4-44).   

The 3D protein of ER-α in breast cancer patient, as shown in figure (4-38). 
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ER-α 

114 
244 
344 
424 
440 
454 
 

C>T 
C>G 
C>G 
C˃T 
T>C 
A 
 
 

G>G 
G>G 
A>A 
S˃S 
L>P 

- 

Transition  
Transversion 
Transversion 
Transition 
Transition  
 Deletion 

Silent  
Silent  
Silent  
Silent 
Missense  
Frameshift 

* 
* 
* 

JX996117 
* 

JX996117 
 

GGC˃GGT 
GGC˃GGG 
GCC˃ GCG 
TCC>TCT 
GTC˃GCC 

- 
 
 

 

 
 
 

16.67 

 
 
 

66.67 

 
 
 
- 

 
 
 

16.67 
 

SNP:single nucleotide polymorphism  ; InDel: insertion / deletion  polymorphism  ; C: Cytosine ; T: Thymine ; A: adenine ; G : Guanine  ; G: Glycine ; 
 A: Alanine  ; L: Leucine ; P: Proline; S: Serine ;  *: The symbol (* ) indicates mutation identification by Geneious prime program so it does not have 
accession number.   
  

 

Figure (4-37) Single nucleotide polymorphisms (SNPs) at the studied sites of the ER-α  gene.  

Table (4-44) Nucleotide changes, the type of mutations and the resulting amino acid changes 
and their impact on the translation process of the ER-α  gene. 
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Figure (4-38) Three-dimensional shapes of the ER-α  protein (3D protein) in 

breast cancer patients. 

 

  Also, The largest proportion of ER-α mutations (66.67%)  were infavor of silent 

mutations, as shown in the table (4-44), figure (4-39).  

 

 

 

 

 

     

 

                    

                  Figure (4-39) The percentages of mutations in the ER-α gene.   
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       4 -2-4: Cytogenetic study of  breast cancer tissues  

   Regarding cytogenetic tissues, the investigation were obtained from staining breast 

tissue with four fluorescent stains as follows: DAPI stain (Blue), was used to detect 

and stain the nucleus (chromosomes staining); DCFH-DA (Green), was used for 

cytoplasmic ROS detection; Mito-Tracker (Red) was used to detect mitochondrial 

morphological defect; Mito-Sox (Red) was used to detect mitochondrial ROS 

(mtROS), the findings showed after examining stained breast tissues under a 

fluorescent microscope as follows:  

   The data under fluorescent microscopy showed the nucleus of the BC cells 

presenting with a strong reaction with DAPI stain, the nucleus not fragmented; and 

abnormal shapes of the nucleus (condensed chromatin), as shown in figure (4-40B).  

 

 

 

 

 

 

 

 

    

     However, the increased ROS in the BC tissues, this tissue gave a strong  reaction 

with DCFH-DA stain in comparison with control breast tissues, as shown in figure 

(4-41). Mito-Tracker stain revealed the defect of mitochondrial morphology in BC 

tissue compared with normal tissue, as shown in figures(4-41), (4-42).                 

    

Figure (4-40) Fluorescent microscopy. (A) DCFH-DA stained cell, green fluorescence 
indicates the amount of reactive oxygen species (ROS), white arrows indicate high ROS. 
(B) nucleus stained with DAPI, blue fluorescence indicates the nucleus, white arrows 
indicate the abnormal nucleus. (C) Merged images. 
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Figure (4-41) Fluorescent microscopy. (A, D) DCFH-DA stained cell with green 
fluorescence indicates the amount of reactive oxygen species ROS, arrows indicate 
high. (B, E)  Fluorescent microscopy of Mito-Tracker stained mitochondria, red 
fluorescence indicate a defect of mitochondrial morphology, arrows indicate 
mitochondrial structure irregular. (C, F) Merged images. Error bars indicate SEM. 
Analysis of variance (ANOVA/Dunnett: * P <0.05, ** P <0.01, *** P <0.001). 
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Figure (4-42). Fluorescent microscopy. (A) DCFH-DA stained cell, green 
fluorescence indicates the amount of reactive oxygen species ROS, (White) arrow 
indicate normal breast tissue; (Black) arrow indicate breast cancer tissue. (B) Mito-
tracker stained cell, arrow indicate the mitochondrial morphology, arrows show 
(yellow) normal and (white) affected tissues. Error bars indicate SEM. Analysis of 
variance (ANOVA/Dunnett: * P <0.05, ** P <0.01, *** P <0.001).  

 

    In addition, the increased mitochondrial ROS (mtROS) in the BC tissues 

compared with normal tissue, the mitochondria of the BC tissue showing a strong  

reaction with Mito-Sox stain, as shown in figures (4-43), (4-44).                           
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Figure(4-43). Fluorescent microscopy. (A) Mito-Tracker stained mitochondria, red 
fluorescence indicates defect of mitochondrial morphology, arrows indicate  
mitochondrial structure irregular. (B) DCFH-DA stained cell, green fluorescence 
indicate the amount of reactive oxygen species ROS, arrows indicate high ROS. (C) 
Mito-Sox stained cell, red fluorescence indicate the amount of mitochondrial 
reactive oxygen species (mtROS), arrows indicate high mtROS. Error bars indicate 
SEM. Analysis of variance (ANOVA/Dunnett: * P <0.05, ** P <0.01, *** P 
<0.001).  
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Figure (4-44). Fluorescent microscopy. (A) DCFH-DA stained cell, green 
fluorescence indicates the amount of reactive oxygen species (ROS), (White) arrows 
indicate normal breast tissue. (B) Mito-Sox  stained cell, (White) arrows indicate the 
normal mitochondrial ROS. Error bars indicate SEM. Analysis of variance 
(ANOVA/Dunnett: * P <0.05, ** P <0.01, *** P <0.001). 

 

   The BC patients have tissue with high ROS, also had genetic mutations in their 

genes of blood samples identified by gene sequencing. Therefore, the results of the 

fluorescent were identical and closest to gene sequencing analysis. 
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5. Discussion   

5.1: Study genetic polymorphism of genes related to breast cancer  

by RFLP technique  

   RFLP is a very useful tool for studying the genotypes in the genes related to 

breast cancer, it has become an essential component of the human disease 

diagnostic systems. 

    In our current study, a routine test for HWE was performed in the control sample 

to detect genotypes frequency and genotype errors, thus allele frequency and 

genotype differences in both groups could be tested to discover the association 

between the genotype of the studied genes and the risk of BC.  Abramovs  et al., 

(2020) reported that the HWE using for estimating the number of homozygous and 

heterozygous variant carriers based on its allele frequency in populations. Wang 

and Shete, (2017) stated the HWE in case-control study designs to be better than 

the traditional methods of testing this test in control groups, whereas that the 

deviation from the (HWE) in affected individuals could provide evidence for an 

association between genetic variants and diseases occurrence. In addition, Lee et 

al., (2008) mentioned the large-scale studies have revealed abundant structural 

differences in the human genome, including copy number, and SNP differences in 

some sites that may cause deviation from HWE ratio.  

   Furthermore, genetic association study aims to find statistical associations 

between genotypes and traits or disease status and thus to identify genetic risk 

factors (Brunel, 2013).  
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5-1-1: Study genetic polymorphism of the ABCG2 gene by RFLP 

technique 

    The electrophoresis and digestion data of ABCG2 PCR products by PCR-RFLP 

figured two alleles (C, T) and three genotypes (CC, CT, TT) that differ from the 

alleles and genotypes in the previous studies, this explain by using of a restriction 

enzyme (MboI) for the first time in the cutting the PCR product of the ABCG2 

gene, which differs from the (BseMI) enzyme used in previous studies in the 

restriction site because it does not digest PCR products of Iraqi female samples. 

Therefore, the alleles and genotypes appeared to be quite different from those in 

the previous studies. Wu et al., (2015) mentioned PCR product of ABCG2 gene 

were digested with BseMI at 55 ºC overnight. 

   Our results showed that the members of the control sample were different from 

patients in HWE, whereas differences in HWE due to significant differences 

between observed and expected frequencies (P <0.05). Ward and Carroll, (2014) 

stated that the HWE tests evaluate the degree of difference between observed 

genotype and expected frequencies, when observed vs. expected frequencies are 

different to a large extent, the test would turn statistically significant and suggest 

deviation from HWE assumption. The deviation from HWE in the BC patient 

group may be due to genetic mutations that  may be occurred in the ABCG2 gene 

of the patient. Therefore, the  HWE between the control sample and the BC sample 

is important in determining the variation of  the genotype frequencies between the  

patient and the control sample, this may indicate the extent to which the genotype 

is associated with BC risk.  

   By comparing the frequency of genotypes and occurrence alleles between the 

both samples, CC genotype had a higher rate in the BC sample compared to the 

control sample, which indicate that the homozygous genotype (CC) may be a 

disease  genotype  related to BC. Therefore, the CC genotype may be reliable as an 
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indicator of increased risk and progression of  BC. Therefore, it may be responsible 

for increasing the expression of ABCG2 gene that has homozygous genotype CC in 

BC patient  that  increase the progression and onset of the disease by affecting the 

function of (ATP-binding cassette) that essentially encodes for p-glycoprotein, 

which play an important role as a transmembrane efflux pump, and pumping its 

substrates, and xenobiotic such drug from inside the cell to outside it. Therefore, if 

the expression of the ABCG2 gene is blocked by blocking the ATP-binding 

receptor, the risk of developing and progression of BC may be reduced. The 

heterozygous genotype CT had a higher rate in the control sample compared to the 

BC sample, which indicate that the heterozygous genotype may be a protective 

genotype from BC. Therefore, the heterozygous CT genotype may be associated 

with prevention of  BC risk.  Although the homozygous genotype TT had a higher 

rate in the patients sample compared to the control sample. Therefore, the risk is 

the same at TT genotype. These results are obtained for the first time to our 

knowledge using the MboI restricting enzyme for the first time to cutting ABCG2 

gene. Our results showed that the significant differences (P <0.05) in the dominant 

model between BC patient and control. Therefore, dominant model associated with 

risk of BC. 

Wang  et al., (2020) reported many studies were shown that the overexpression of  

ABCG2 remains a major barrier to successful cancer therapy, because ABCG2 acts 

as an efflux pump for chemotherapeutic agents and causes clinical multidrug 

resistance (MDR).  

    It is worth  mentioning  that the significant differences between genotypes of the 

patient and control group (P <0.05 ) and their relationship to the risk of developing 

BC, indicate that there are genetic differences between the two groups  that may be 

attributed to the different environmental factors, social conditions, and the nature 

of exposure to BC risk factors and geographic distribution. Mbemi et al., (2020) 

concluded that human diseases are not only caused by specific genetic and 
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environmental factors but also by genetic interactions with the environment, 

although genetic polymorphisms play an important role in human susceptibility to 

cancer, and many single nucleotide polymorphisms (SNPs) resulted from somatic 

mutations from human exposure to environmental stresses.  

   The results were clear that the genetic polymorphism of ABCG2 gene is 

associated with the risk and development of  BC. Wu et al., (2015)  mentioned that 

the genetic polymorphisms of ABCG2 gene are involved in the development of 

cancer risk in the Chines population and interindividual differences in 

chemotherapy response attributed to polymorphisms of  ABCG2 gene that are 

associated with BC susceptibility.  

5-1-2: Study genetic polymorphism of the ABCB1 gene by RFLP 

technique  

   The ABCB1 gene polymorphism was studied to evaluate the association between 

the polymorphism of the ABCB1 gene and breast cancer risk in the Maysan 

province. ABCB1 encodes for P-gp that is a transmembrane transporter protein that 

extrudes several active compounds outside the cell. It has been expressed in a 

variety of  tissues. Its physiological function is to protect cells from the effects of 

harmful substances by reducing their accumulation in the cell (Abuhaliema et al., 

2016). Fang et al., (2013); Wang et al., (2013) found that the MDR1 

polymorphisms may cause impairment of P-gp expression or function and this lead 

to a decrease decline in Protective effects of  P-gp. 

   Those populations of the control were underwent to the HWE test, resulting in 

the differences between observed and expected frequencies were by chance. These  

significant differences in CC, CT, TT genotype distribution between both groups,  

besides, their relationship to the risk of BC developing (P <0.05), may indicate 

genetic differences between the two arms. 
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    The homozygous genotype CC had a higher rate in the control sample compared 

to the BC sample, which indicate that the homozygous genotype (CC) may be a 

protective genotype from BC. While CT genotype had a higher rate in the BC 

sample compared to the control sample, which indicate that the heterozygous 

genotype (CT) may be a disease genotype related to BC. Although, the 

homozygous genotype TT had a higher rate in the patients sample compared to the 

control sample, yet, it is not associated with the risk. Therefore, the risk is same at 

TT genotype. 

   The genotype rates in the patient were 30%, 55%, 15%  for CC, CT, and TT, 

respectively, which  different from genotype distribution of the other population 

countries may be due to the race, environment, the type of analysis, and the size of 

the sample. Salem et al., (2014) reported that the distribution of C3435T genotypes 

varies between populations. Hamidovic et al., (2010) reported that the frequency of 

the C3435T genotype was 22%, 50%, and 28% for CC, CT, and TT genotypes, 

respectively, in the Caucasian population. Kassogue et al., (2013) observed that the 

genotype frequencies were 39%, 51%, and 10 % for CC, CT, and TT, respectively, 

in the Morocco population. MUTLU İÇDUYGU et al., (2020) suggested that the 

ABCB1 C3435T polymorphism may increase the BC risk in Turkish women and 

significant difference in distribution of C3435T genotypes between the cases and 

the controls (cases, CC 37.1%, CT 28.6%, and TT 34.3%; controls, CC 25%, CT 

65%, and TT 10%, P: 0.023) were observed.     

   Our results showed there is significant difference in genotype frequencies 

between the patient and control group (P <0.05). Therefore, the polymorphism of 

the  ABCB1 was associated with  BC risk  in the Maysan Iraqi population.  

   A confirming and agreement with many studies, like Wu et al., (2012) which 

mentioned that the significant association between ABCB1 polymorphism and BC  

risk in Chinese breast carcinoma patients (P <0.05, P = 0.043). In addition, agree 
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with Turgut et al., (2007) they reported a significant association of the genotype 

distribution with BC risk in Turkey. Abuhaliema et al., (2016) found a higher 

prevalence of CC genotype in BC patients compared to control (P < 0.001) among 

Jordanian women. Ameyaw et al., (2001) that the C3435T polymorphism of 

ABCB1 gene varies across different populations due to the modifications in genetic 

background and lifestyle. 

   Whereas, our findings disagree with Tatari et al., (2009) which reported that 

there is no association between C3435T genotypes of the ABCB1 gene and risk 

factors in Iranian population, and dis agree also with Taheri et al., (2010) that 

mentioned the difference in genotypes between the patient and the control sample 

was not statistically significant (P >0.05, P = 0.980) in the  Iranian population. 

   Tazzite et al., (2016) mentioned there is no significant association between the 

ABC B1 polymorphism and the development of  breast cancer among Moroccan 

woman, whereas no significant difference in the distribution CC, CT, and TT 

genotypes between patient and control.     

   Moreover, our results disagree with Rubiś et al., (2012);  Macías-Gómez  et al., 

(2014); Gutierrez-Rubio et al., (2015) in Poland population (Western Europe), and  

Mexican population (Southern America), respectively, which stated that the 

differences in the genotype distribution (CC, CT, and TT) between the BC patient 

and control were not of any evidence.  

  The differences in our results and the results of other countries may be because 

life style, environment of the studied sample, sample size and geographic origin. 
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5.1.3: Study the genetic polymorphism of the BRCA1 gene by RFLP 

technique  

   The BRCA1 gene polymorphism was studied to evaluate the association between 

polymorphism of BRCA1 gene and breast cancer risk in the Maysan city. BRCA1 is 

a tumor suppressor gene and has a critical role in maintaining genetic stability. It 

encode a large protein called tumor suppression protein which plays an important 

role in tumor suppression and DNA repair activities (Elia et al., 2012). Calò et al., 

(2010) mentioned that most changes in the BRCA1 genes result in protein 

dysfunction or the diminishing of protein product. 

   The deviation from HWE law in control may be due to genotyping errors, and 

small size of the sample. Graffelman et al., (2017) observed that several factors, 

including mutations, can cause deviations from HWE. Garnier-Géré and Chikhi, 

(2013) found that the geographical location may be a common cause of deviations 

from HWE. Whereas, Royo et al., (2021) reported that the deviation from (HWE) 

in the human control group can be due to normal factor such as excess selective 

pressure on the certain genotype, and other factor may be contributed in deviation 

from (HWE) in control sample such as a technical problems. We excluded these 

from our experience because our experiment was repeated more than once and 

getting the same data. In addition, these results practically in the laboratory 

matched the results of the bioinformatics, where the BRCA1 gene sequence was cut 

using the NEB cutter V 2.0 bioinformatics  program, as shown in appendix (6). 

   Gholipoorfeshkecheh and Arjunan, (2014) wrote that the  results of the RFLP 

detected  BRCA1 mutations have a role in BC. Our results disagree with  Hasan  et 

al., (2013) concluded that the heterozygous genotypes were associated with 

decreased gene expression of the BRCA1 gene in the sporadic BC disease. Okada  

et al., (2012) mentioned that the loss of heterozygosity at BRCA1 locus was 
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correlated with significantly shorter disease-free survival (DFS), besides overall 

survival(OS) in a retrospective study of 202 Japanese patients with invasive BC.  

   It is worth  mentioning  that the  no significant  differences between genotypes of 

the patient and control group (P  >0.05) due to the somewhat similar of genotypes 

distribution between the two groups, and risk the same.  
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5-2: PCR-RAPD-PCR   

5-2-1:  Detection of the genetic polymorphisms of the BC genes by 

PCR-RAPD-PCR technique 

   Different techniques used to determine the polymorphism of BC genes, 

although the RAPD technique is considered random with reduced 

reproducibility, but we chose it due to rapid and low price (Bidet et al., 2000). 

Fu et al., (2017) mentioned there are some limitations of RAPD, such as poor 

reproducibility, and low output. Recently, the technique has been modified with 

high GC primer content and increased prolonging the RAMP time from the 

stage of annealing to extension in the thermocycler device to produce more 

bands for polymorphism for detecting genomic alterations in BC.  

   In spite of that, we performed a new procedure with some modifications in 

the traditional RAPD technique, using the amplified gene as a template in the 

RAPD technique instead of total DNA. This procedure resulted in more 

accuracy and specific data, we termed as PCR-RAPD-PCR(PRP).  

   Our PRP technique is a simple PCR product based gene polymorphism assay 

system using  for studying and analyzing the genomic instability or genomic 

alteration. Novikov et al., (2016) mentioned that the RAPD is used in the field 

of studying genetic alteration of BC. Boysen et al., (2019 ) and Sabra et al., 

(2020) found that the genetic progress towards transformation from normal to 

malignant cells can be achieved by comparing the RAPD profiles obtained 

from healthy and malignant cells. 

   

   The ABCG2,  ABCB1, BRCA1, ER-α,  and mi-RNA 152 genes were selected 

in the study of the genetic polymorphism by PRP technique due to its important 

role in cancer.  
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   The reasons behind using special genes (PCR products) as template including 

initially: the extracted total DNA contains exons (a region coding for proteins), 

and introns (a non-coding region), whereas this the BC genes that used as a 

template in our experiment contain exons only, and this measurement may be 

contributed to reducing RAPD randomness. Smith (2005) mentioned that the 

RAPD primers binding to different DNA sites and consequently detecting 

different RAPD polymorphisms. The RAPD primers do not discriminate 

between coding and non-coding regions. Therefore, the sample genome is more 

randomly selected. The second reason is to elevate the accuracy of the findings  

and to enhance comparison the relationship between RAPD results of the BC 

gene with the results of the sequencing in terms of presence or absence of 

genetic mutations. Smith, (2005) wrote that the RAPD primers detected 

polymorphisms caused by point mutations. Lastly, to produce more accurate 

bands for detecting genetic differences in specific BC related genes between 

two arms. 

 

   We found that the number of  bands per primer for each gene was high, and 

this improved PRP technique as successfully increased the number of RAPD 

bands produced from a given PCR Product. Therefore, we applied the PCR-

RAPD-PCR technique with five specific genes related to BC (ABCG2, ABCB1, 

BRCA1, ER-α, and mi-RNA-152) to generate more bands for detecting genomic 

alterations in BC. The total number of  bands in (ABCG2, ABCB1, BRCA1, ER-

α and miRNA-152) for the patients group (214, 215, 206, 298, 149), while 

control group have (162, 114, 126, 128, 93),  respectively.  Ismaeel, (2013) 

found that the total number of  bands were (69) bands, when extracted total  

DNA as a template and six arbitrary RAPD primers for the study of genetic 

polymorphism in DNA of the BC patient by RAPD technique. Al-Askeri, 

(2016) reported that the total amplified bands were (72) bands in the patient 

group and (28) band in the control group, when extracted total DNA as a 
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template and five arbitrary RAPD primers. The number of  bands per primer of 

each gene in the patient sample was higher than control sample may be due to 

genetic alterations between the two groups. Atienzar et al., (2002)  observed 

that the changes in the DNA profile such as (band patterns) reflect DNA 

changes in the genome from single base change to complex rearrangements.  

    The total polymorphic bands of the (ABCG2,  ABCB1, BRCA1, and mi-RNA-

152) genes in the patient group were higher than the control group except  ER-α  

gene, and the total unique band of the all genes in the patient group was higher 

than the control group. Also, the total monomorphic bands of the all genes were 

in the control group either equal or higher than the patient group except ER-α 

gene. The differences in the number of bands between both groups might be 

due to the nucleotides sequence of the primers and on the genotype of the BC 

patients. Moreover, the number of compatible sites of primer in the BC gene of 

the patient is affected by different types of mutations and translocations, this 

will affect the primer and template interaction sites and may results in the loss 

or profit of bands. Rocco et al., (2014) mentioned that the differences in the 

number of bands and the variations in their intensity, in the RAPD-PCR profile, 

are associated with alterations of genetic material. Xian et al., (2005) stated that 

the losses of alleles due to their linkage to genes may decrease of band 

intensities, and gene amplification or chromosomal aneuploidy lead to  increase 

of band intensities, and mutations at the primer template interaction sites results 

in the loss or gain of a band, so mutations occurred between the primer-

template interaction site, such as deletions or insertions, resulted in a mobility 

shift of bands.  Liu et al., (2005) suggested that the modifications of band 

intensity and lost band are likely to be due to one or a combination of the 

following events: changes in oligonucleotide priming sites due mainly to 

genomic rearrangement, point mutations and DNA damage in the primer 
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binding sites is only 10 base long, and interactions of DNA polymerase with 

damaged DNA.      

   There are a marked differences in the primer discriminatory power between 

both groups of the (ABCG2, ABCB1, BRCA1, ER-α, and mi-RNA152) genes, 

this differences may be due to the dependence of the primer discriminatory 

power on the number of polymorphic bands generated from each primer and the 

sum of the polymorphic bands generated from all primers. Ismaeel, (2013) 

reported that the primer capacity to show polymorphisms in comparison to 

polymorphisms shown by all primers is called primer discriminatory power. 

   The data showed a marked differences in the primer efficiency between both 

groups of  the (ABCG2, ABCB1, BRCA1,  ER-α, and mi-RNA 152) genes, these 

differences may be due to the dependence of the primer efficiency on the 

number of polymorphic bands generated from each primer and the sum of the 

bands generated from all primers, furthermore, the primer efficiency was 

variable between the patient and control group. Newton and Graham, (1997 ); 

and Ismaeel, (2013) concluded that the primer efficiency values range from (0 - 

1) and are defined as the measure of the primer's ability to produce 

polymorphisms.  Ibrahim et al., (2010) reported that the efficiency of the primer 

can be demonstrated by its ability to give the highest percentage of 

polymorphic bands compared to the total number of amplified bands. The 

important characteristic of the efficient primer is the ability to illustrate the 

polymorphism between normal individuals and patient individuals as in 

leukemia. 

   A marked differences in the molecular size of fragments produced from 

primers between both groups. The primer OPD18 have the molecular weight 

(20-30) bp of the ABCG2 bands in the patient group. The primer OPAA17 have 

the molecular weight (20-30) bp of the (ABCB1, BRCA1) bands in the patient 
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group. The primer OPAA11 showed the molecular weight (40-50) bp of the 

ER-α bands in the patient group. The primer OPAA17, OPD18  showed the 

molecular weight (20-40) bp of the (mi-RNA-152) bands in the patient group. 

Thus, the  bands with their primers may rely upon in distinguishing between 

two groups, genetically, after studying them more in the future. Papadopoulos 

et al., (2002);  Xian et al., (2005); and Ibrahim et al., (2010) found that the 

polymorphism also include the differences in molecular weights of amplified 

bands, which resulted from multiple types of mutations and translocations that 

occurred, thus causing mobility shift of  bands and might cause the addition of 

new band (s).  

  There were significant differences (P <0.05) between two groups among 

polymorphic, unique, and monomorphic bands in the ER-α and mi-RNA 152 

gene may be due to genetic alteration between the two groups. Singh and Roy, 

(2001) stated the disappearance (deletion) or appearance (insertion) of an 

amplified DNA fragment might be associated with genetic rearrangements, 

or unequal mitotic recombination. The differences between two groups may 

be attributed to different genetic factors, environmental conditions, hormonal 

changes, physical and chemical factors, whose interaction with the genetic 

material may lead to several genetic modifications. Perrone et al., (2016 ) 

reported that the inherently predisposed reaction of DNA damage due to 

exogenous and endogenous factors can be the development of hereditary 

diseases and sporadic cancer.  

    There are differences between two groups may be related to mutations or 

modifications in the genes included by our study,  this made us directed to do 

sequencing to find and determine these mutations in our next part of 

experiments of the research.  
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5-3:  Detection genetic polymorphism of BC related genes by nucleotide 

sequencing  

   Existing routine techniques for measuring biomarkers and morphological features in 

BC patients lack accuracy, leading to mistreatment and overtreatment of women with 

early BC (Rantalainen et al., 2016). Therefore, sequence-based breast cancer diagnosis 

methods have the potential to provide molecular characterization that aids customized 

precision medicine in the treatment of breast cancer patients (Rantalainen et al., 2016).  

    Gene sequencing to BC revealed whether the genetic mutations of  the BC genes are 

point mutations or frameshift mutations and their effect on the translation process, in 

addition, to their effect on the amino acids and 3D protein resulting from the gene 

expression of the studied genes. Roychowdhury et al., (2011) mentioned that the 

Oncology Sequencing Program could be used to identify potential genomic alterations in 

various cancers.  

    In this study, we used blood samples for revealed many single-nucleotide 

polymorphisms (SNPs) and indel (insertion-deletion) polymorphism and 3 D protein 

(gene expression) of the BC genes. Aarøe  et al., (2010) mentioned that some studies 

have yielded encouraging results in developing a GE profiled by using blood samples for 

early detection of BC with a prediction accuracy 79.5%, a sensitivity 80.6%, and 

specificity 78.3%. 

   We studied the genetic polymorphism of the ABCG2, ABCB1, BRCA1, and ER-α genes 

by sequencing, as the genetic polymorphisms of these genes are believed to underlie the 

differences between people in their response to chemotherapy and other xenobiotics. 

Also, contributes to predicting the presence of a previous or later family history of BC 

disease in the examined people. 
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5-3-1: ABCG2 gene 

   This gene used to identify common ABCG2 polymorphisms associated with BC risks in 

a sample of women from Maysan province. 

   The obtained mutations of the ABCG2 were substitution (Transition) mutations (G38A, 

T141C, T148C, T169C) due to the conversion of the nitrogenous base to another base of 

the same type pyrimidine to pyrimidine (T↔C), (G↔A), while (G71T, G150C, G172C, 

G2559C, G96428A) were (Transversion) mutations, as a result of the change of the 

nitrogenous base from the purine group to the pyrimidine group and vice versa. 

   When comparing with previous studies conducted in other countries on the ABCG2 

gene, showed transition and transversion mutations in the other sites of the ABCG2 gene. 

In the Chinese population, Wu et al., (2015) found C421A (Q >K), G34A(V >M). 

Stomka  et al., (2020) discovered 706 C >T(Arg  >Ter), 1714 A >C (ser  >Arg);  335 C 

>A ( Pro  >Gln), 706 C >A, 1060 G >A (Gly >Arg).           

   The presence of missense mutation in many sites of ABCG2; in the site 71, 141, 148, 

150, 169, 172 of ABCG2; the missense mutation may be due to converted single 

nucleotide base, as a result of the substitution transition and transversion; the reading of 

triple code for Serine amino acid will turn into a triple code for Tyrosine, Methionine into 

Serine, Methionine into Valine, Proline into Alanine, and this may lead to a change in the 

protein produced by ABCG2, consequently affecting GE. Thus, it may contribute to the 

development and progression of BC. Heyes et al., (2018) mentioned that the 

polymorphisms affecting ABCG2 expression or function may have clinically important 

roles in anti-cancer disposal and efficacy. 

    Our results showed that the largest proportion of mutations (54.54) %  was in favor of 

missense mutations. Vogelstein et al., (2013); Tokheim and Karchin, (2019) reported that 

missense mutations are the most common protein coding mutations found in cancer 

genomics. 
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    The presence of a silent mutation in the sites of the ABCG2, G38A, G2559C, 

G96428A; due to converted single nucleotide base Guanine to Adenine and Cytosine; as 

a result of the substitution transition and transversion, the reading of triple code for 

Glutamic and Isoleucine  amino acid ( AA) will change to another triple code but it will 

code for the same amino acid. Lawrence et al., (2013); and Engin et al., (2016) 

mentioned that the silent mutations are often used to figured the mutation rate in 

carcinogenesis, as most silent mutations are unlikely to alter protein activity. Our results 

showed that the polymorphisms (163Gdel, 167 Adel) gave frameshift mutation due to the 

deleting of the nitrogen base G  at position 163 and A at position 167, respectively. 

   A new sites of the SNPs differs from the sites in previous studies on the ABCG2 gene,  

Imai et al., (2002) found that the presence of the SNPs at the site 376C >T of ABCG2 

leads to the formation of a stop codon (Q126 Stop) resulting in decreased protein 

expression and may be associated with chemotherapy hypersensitivity.  Poonkuzhali et 

al., (2008) concluded that the presence of SNP at the site 15994C >T of the ABCG2 gene 

ended with increased Breast Cancer Resistance Protein (BCRP) expression.   

   The new SNPS in our results may be accompany by a dys-function of ABCG2 in  

Maysan women. Noguchi et al., (2014) reported that the drug efflux activity of the 

ABCG2/BCRP is influenced by several mutations, which necessarily affect the clinical 

efficacy of the ABCG2/BCRP- transportable anticancer drugs.  

5-3-2: ABCB1 gene 

  The ABCB1 gene is highly polymorphic, and these polymorphisms are correlated with 

P-gp expression, and its contribute substantially to MDR. Daniyal et al., (2021) stated 

that the genetic polymorphisms of the transporter gene can contribute to multidrug 

resistance because they are responsible for changes that lead to treatment differences of 

different individuals.  
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   There are four SNPs (C153T, C323T) gave silent mutations despite the change of 

genetic code, because the AA (Isoleucine) has more than one code. The silent mutation 

may be related to in defect of function of ABCB1gene in Maysan women. Jelen  et al., 

(2015) ; and Tulsyan et al., (2016) stated that the silent mutation of ABCB1 may exert an 

impact on the protein function by changing mRNA splicing, folding and stability or 

modification of translation efficiency. Antonarakis and Cooper,  (2013) wrote that the 

synonymous SNPs of the ABCB1 gene have been shown to alter ABCB1 protein structure 

and activity, may by changing the timing of protein folding following extended 

ribosomal pause times at rare codons. On the other hand, the synonymous 

polymorphisms of the ABCB1 (MDR1) gene can change the structure or function of the 

protein by coupling with non-synonymous polymorphisms, lead directly to change AA 

sequences of a protein (Kimchi-Sarfaty et al., 2007;  Zawadzka et al., 2020). 

   The SNP (G55C, T59G, C89A, C90G, A113C, A139T) gave missense mutation due to 

a change in the genetic code, that led to a change in AA at the level of the resulting 

protein from Valine to Leucine, Valine to Glysine, Alanine to Aspartic acid, Valine to 

Aspartic acid, Aspartic acid to Alanine, and threonine to Serine. Wang et al., (2009); 

Wolf et al., (2011) reported the most common form of genetic variation is an SNP, and 

the SNP in the coding regions of ABCB1 gene may directly alter a protein structure, 

producing AA substitutions (non-synonymous SNPs).  Kadioglu et al., (2020) mentioned 

that the missense and frameshift mutations of the transporter gene, lead to altered binding 

of anticancer drugs in the molecular docking approaches. O'connor, (2007); Ankathil, 

(2017) mentioned that the over-expression of ABCB1 mRNA expression may cause a fast 

drug efflux from the cell, decrease in the intracellular drug concentration, and 

subsequently limits the drug penetrance into intra tumor cells. De Azevedo Delou et al., 

(2017)  mentioned that the negative or decreased expression of the ABCB1 gene in breast 

tumors rather than being beneficial due to a possible reduced drug efflux appears to 

indicate more phenotype aggressive, which may occur more common among triple 

negative BC (TBC).  



Chapter five                                                                                        Discussion 
 

 
137 

   The sites of the new SNPs differ from the sites in previous studies. Priyadarshini et al., 

(2019) concluded that the SNPs C3435T, C1236T were synonymous due to no alteration 

in amino acids sequences, Ile >Ile in C3435T and Gly >Gly in C1236T, in the BC 

patients from southern India.  

Also, Kim et al., (2001) mentioned that the 1199 G >A  polymorphism of the MDR1 in 

the Caucasian population was a non-synonymous type with alteration of AA from Serine 

to Asparagine (Ser >Asn).   

A study by Chang et al., (2009) reported that the 2677 G >T/A or 3435 C >T 

polymorphism associated with chemoresistance of the metastatic Breast Cancer (MBC). 

Whereas Wang et al., (2005) documented that the C3435T SNP of  MDR1 is silent 

mutation, and is associated with decreased mRNA and protein expression levels via 

unknown mechanisms. 

Kim et al., (2001); and Fung and Gottesman, (2009) reported that the MDR1 3435C >T(I 

>I), 1236 C >T (G >G) polymorphism is linked to a synonymous type, and 2677G  >T/A 

(Ala  >Ser) polymorphism is linked to a non-synonymous type, where they cause effects 

in cellular systems, alterations in the mRNA levels, and increased drug efflux, 

subsequently some of the SNPs are associated with altered P- glycoprotein structure and 

function by altering the protein folding. 

Lévy et  al., (2013) found polymorphisms 129 T  >C, 61A  >G, 1236C  >T, 2677G >T/A, 

and 3435 C >T in ABCB1 gene of 101 BC patients receiving doxorubicin and docetaxel, 

the SNP C3435T is associated with a good pathological response to chemotherapy. 

5-3-3:  BRCA1 gene  

   The BRCA1 gene is the main cause of familial BC, and it has a very strong relationship 

with hereditary BC. Thus, this study aimed to determine the presence of polymorphism 

(SNP or indel) of the BRCA1 gene by gene sequencing. Then it may contribute in 

declining the incidence of early familial BC. Surbone, (2011) mentioned that females 
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who carry a harmful mutation in the BRCA1 gene may be offered chemoprevention, such 

as early monitoring and preventive surgery. This is important to strengthen public 

policies through female population commitment to preventive strategies programs, thus 

reducing morbidity and mortality associated with hereditary cancers.  

Koumpis et  al., ( 2011)  referred to the importance of identifying females at risk of BC 

because the inheritance of a harmful BRCA1 mutation is one of the most important 

predictors of individual risk.  

A study by Mehrgou and Akouchekian, (2016) mentioned the role of BRCA genes in  

early detection of mutation which can play an important role in the prevention of BC. 

Therefore, female screening of the mutations in predisposing genes, seem to be  

necessary.  

   The BRCA1 polymorphisms (C213T, T248C, and T261C) gave missense mutation due 

to a change in the genetic code, in return back a change in AA at the level of the resulting 

protein from Valine to Methionine, Glutamic to Glysine  and  Threonine to Histidine, 

possibly depending on the type of AA that has been substituted in the protein associated 

with BC, the appropriate counseling and treatment can be suggested.  

   The new SNPs of BRCA1 gene may contribute to the development and progression of 

BC in the Maysan women Iraq by affecting the tumor suppressor protein produced from 

the BRCA1 gene.  The most common types of mutations are frameshift, nonsynonymous, 

and disruption of splice site leading to entire non-functional BRCA1 proteins (Karami and 

Mehdipour, 2013). The mutation of the BRCA1/2 lead to gene function silencing or over-

activation (Valarmathi et al., 2004; Shah et al., 2018).  

   Our findings showed the sites of the new SNPs differs from the sites in previous studies 

Saleh-Gohari et al., (2012)  found SNPs of  BRCA1 at site  966 T >C of the breast cancer 

patients in  Kerman province/Iran.  
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Neamatzadeh et al., (2015) found  SNPs of  BRCA1 at site 2311 T >C, 4308T >C in 

BRCA1 of  Iranian female BC patients. 

Lara et al., (2012) found SNPs of  BRCA1 at site  4427  T >C  in BRCA1 of  breast cancer 

patients in Venezuela. 

Mehta et al., (2018) found that the novel BRCA1 polymorphism included 168 T del of  

BRCA1 in North  India. 

Gajalakshmi et al., (2007 ) found a novel mutation  1307 T 
del of the BRCA1 gene in an 

Indian family with breast and ovarian cancer.  

5-3-4: ER-α 

   Estrogen play a role of progression and development of BC. Polymorphisms in the 

estrogen receptor alpha gene may be associated with BC risk. Thus, this study objectives 

to determine genetic polymorphisms in the estrogen alpha gene for the evaluation 

relationship between the type of polymorphism and its effect on translation in the BC 

patients. Barzan et al ., (2013 ); and Fjeldheim et al., (2016) reported the SNPs in ESR1 

may directly or indirectly lead to variations in its activity, and may have an effect on BC 

risk.  Fuentes and Silveyra, (2019) concluded that the estrogens exert their actions by 

binding to specific receptors, the estrogen receptors (ERs), which in turn activate 

transcriptional processes and /or signaling events that finishing in the control of gene 

expression.  

   There are four new SNPs (C114T, C244G, C344G, and C424T)  gave silent mutations 

despite the change of genetic code, because the AA (Glycine, Glycine, Alanine, Serine) 

have more than one code, although these mutations are silent, and they may or may not 

effect on resulting protein of GE. Thus, may or may not contribute to progression and 

development of cancer in Maysanian women. Siddig et al., (2008) said that the ER-α 

gene polymorphism may indirectly affect the protein function by alteration of the RNA 

half-life or protein translation, hence indirectly affecting the level of the ERα protein.  
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They mentioned that silent a SNP affected protein function because it forced the cell to 

read a different DNA codon than it usually does, while the same protein sequence 

eventually was made. Thus, this silent change may slow the folding rhythm resulting in 

an altered protein conformation, which in turn affect function. Herynk and  Fuqua, (2004) 

reported silent mutations of  ER-α do not directly affect protein sequence, and they may 

indirectly affect protein function through changes in RNA turnover rates, thus indirectly 

altering ER-α protein levels. 

   The new SNPs of ER-α (T440C) gave missense mutation due to a change in the genetic 

code, that led to a change in AA at the level of the resulting protein from (Leucine) to 

(Proline). Our results showed that the Indel polymorphisms (454 Adel) gave frameshift 

mutation due to the  deleting of single nitrogen base A in the position 454 of ER-α gene. 

The missense SNP and indel polymorphisms of ER-α gene may contribute to the 

development and progression of  BC by affecting the level of GE. Fuqua  et al., (2014) 

reported that the alterations in a protein sequence of the ER-α contributed in acquired 

resistance to hormonal therapy in patients with ER-α positive BC. Thomas and 

Gustafsson, (2015) mentioned that the genetic alterations of the ERs lead to altered 

protein sequence through altering the conformation of the protein, and increasing the 

interaction with coactivators, with point mutations in ESR1. 

   The sites of the new SNPs differ from the sites in previous studies. When comparing 

results with previous studies. Madeira et al., (2014) mentioned that the SNP of ER-α at 

site 397, 454 T >C in BC patients.   

Siddig et al., (2008) mentioned that the SNP of  ER-ALPHA at site 325 C >G. 

McGuire et al., (1992) mentioned that the missense mutation in the ER-ALPHA was 

determined as a Leucine to proline substitution at AA 296. 

   We suggest the reason for the differences in the genetic polymorphism for (ABCG2, 

ABCB1, BRCA1, and ER-α) in this study and the previous studies mentioned may be 

attributed to the differences in environmental conditions, lifestyle and nature of pollutants 
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to which the population exposed. Therefore, the genetic polymorphisms in this study 

differed from previous studies in the SNP sites, and the type of polymorphism. 
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5-4: Cytogenetic study of  breast cancer tissue 

   Reactive oxygen species (ROS) are molecules capable of freelance existence, 

containing at least one oxygen atom and one or more unpaired electrons may be 

contributing to the development of many free radical-mediated diseases. It 

contributes in causing damage at the molecular and cellular level, as well as 

changes in proteins and nucleotides (Jakubczyk et al., 2020). 

    DAPI is the nuclear stain that can stain deoxyribonucleic acid (DNA). In this 

study, the nucleus of the BC cell with DAPI stain not fragmented, this may be 

because of the absence of apoptosis due to the acidic (microenvironment) out of 

cancer cell that act to prevent or decrease cytochrome C activity of  mitochondria 

and thus fail in activation caspases which in turn fail in the stimulation nucleases. 

This is leading to the failure of apoptosis in cancer, so the cancer cell will escape 

from apoptosis and persist in proliferation due to alkaline  PH inside the cancer cell 

and acidic PH outside it (microenvironment). Matsuyama et al., (2000);  and White  

et al., (2017) reported that apoptosis is caused by the release of cytochrome C from 

mitochondria, which subsequently activate catabolic enzymes including caspases, 

that decreased pH (PHi) and it is an early signal of caspase activation in apoptosis, 

while increased pHi blocks apoptosis signals and effected on DNA degradation. 

Cancer cells have a reversed PH gradient with a slightly elevated intracellular PH 

(PHi) despite an acidic microenvironment (PHe) ( Damaghi et al., 2013; Swietach 

et al., 2014; Lee, 2021).   

   The increasing of the green color signal in the BC tissues compared with control 

may be due to the high level of ROS. DCFH stain is converted to DCF, when it 

interact with ROS in breast tissue. Malla et al., (2021)  reported increased ROS in 

breast tumors and their surrounding tumor microenvironment (TME) cells. Arun, 

(2015) stated the DCFH-DA reduced to DCFH by the esterases that presenting 

inside cells, DCFH converted to DCF due to its interaction with the ROS. The cells 
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with more DCF give more green fluorescence under the fluorescence microscope, 

the green color signal is a measure of the amount of ROS inside the cell, and more 

fluorescence indicating increased production of ROS (Arun, 2015).  

   The findings showed the high ROS in BC cells and its spread in most BC tissues 

may be due to cancer cell playing a role similar to role atoms or molecules that has 

an unpaired electron, as the cancer cell that has free radical will collide with 

another stable cell and convert this cell into an unstable state due to emergence free 

radical and later on, this transformed cell will attack another stable cell. Therefore, 

cancer will spread due to free radical and it is an important source of ROS. Free 

radicals can be considered as a unique property of cancer  (Kumari et al., 2018). 

   Our findings showed the defect of mitochondrial morphology in the BC tissue 

and increase in mtROS may be due to a defect in mitochondrial function,  

mitochondrial dynamic, hypoxia, acidic microenvironment, and defect in the 

electron transport chain (ETC). One of the major sources of ROS in epithelial cells 

of BC is mitochondrial dysfunction coupled with metabolic readaptation for ATP 

generation (Costa et al., 2014). Rohrmann et al., (2013) mentioned the elevated 

metabolic rate in mitochondria, endoplasmic reticulum, and cellular membranes in 

cancer cells cause a defect in ETC, resulting in elevated electron leakage and 

increased ROS generation. Chiu et al., (2019) assumed the hypoxia in carcinomas 

due to a lack of oxygen (O2) as an electron acceptor, causes inefficient electron 

transfer through the electron transport chain (ETC) in mitochondria, with 

accumulation of (ROS) which can cause irreversible cellular damage.  

   In relation to Warburg effect (aerobic glycolysis ) of cancer cell give a small 

amount of ATP, these cell more proliferated to produce more ATP by this rapid 

process, therefore, the cancer cell resist cell death may be by slowing the 

consumption of O2 in hypoxic cell and mild hypoxia can support cell growth. 

Therefore, they can live a prolonged period without apoptosis. Lewis et al., (2005); 



Chapter five                                                                                                            Discussion 
 

 
144 

and Kumari, (2018) mentioned the cancer cells maintain their high energy levels 

through glycolysis followed by lactic acid fermentation even in the presence of 

abundant oxygen (aerobic glycolysis, Warburg effect) followed by oxidation in 

mitochondria, which is essential for cancer cells to adapt to hypoxic states with 

defect mitochondria and ROS production.   

   As a results, when prescribing a treatment or giving a dose of radiation for a 

cancer patient, one must first measure the microenvironment acidity and then give 

the treatment or radiation because prescribing treatment and giving radiation to the 

patient in the presence of acidic environment is considered ineffective and cancer 

continues to spread. Raghunand et al., (2003) discovered in the mouse model the 

modulation of PHe can be reduced metastasis and improve survival in BC. 

    All BC tissues used in this study showed markedly elevated levels of  ROS 

under fluorescent microscopy, and they applied to verify the association between 

ROS and (SNPs, mutations) in some studied genes associated with BC by 

comparing the DNA sequencing results of studied genes with the results of 

fluorescence microscopy of breast tissue. 

   The results showed that BC tissues showed a high level of ROS, in addition, 

showed mutations in ABCB1, ABCG2, BRCA1, and ER-α genes such as frameshift 

mutation (deletion and insertion); Point mutation (SNP) (transition, transversion), 

these mutations may be due to an elevated ROS level in BC tissues. These are  

agreement with (Lunec et al., 2002; Noreen et al., 2018) which reported that ROS 

can cause DNA mutations, which convert Guanine to Thymine or vice versa. 

Choudhari et al., (2014) reported that ROS can cause oxidation of purines and 

pyrimidines. Brown and Bicknell, (2001); and Noreen et al., (2018) concluded the 

mutations that caused by ROS mostly affect GC bases substitutions, while 

deletions and insertions mutation are less occurring, whereas AT bases mutations 

are rare, and all these genetic instabilities resulting in the inactivation of tumor 
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suppressor genes or enhance the expression of proto-oncogenes that can strengthen 

cancer.  

   Findings of gene sequencing showed that an SNPs in the BRCA1 gene may be 

the cause of the elevated ROS level within BC tissues. Our results are in agree with 

(Martinez-outschoorn et al., 2012; Gorodetska et al., 2019) which reported the 

mutations in BRCA1 can increase cellular ROS, and this contribute to the 

development of BC. 

   The ROS was significant high in BC tissue compared with healthy/normal tissue 

may be attributed to many reasons, as the presence of oxidative stress, that produce 

under the special condition in cells when unbalance of oxidant and anti-oxidant. 

Legg, (2017) wrote that oxidative stress is an imbalance between oxidants (free 

radicals) and antioxidants in the body, it can lead to a large number of diseases 

over time as cancer. Another reason, may be contributed to high ROS levels in BC  

tissue is food system,           socio-economic conditions and the lack of non-

enzymatic antioxidants, the antioxidants have electrons in their outer shell that 

combine with free radicals and thus get rid of free radicals. Adwas  et  al., (2019)  

stated that antioxidants block production of ROS and scavenge free radicals. 

Shalaby and Azzam, (2018) reported that antioxidants can donate electrons that 

neutralize radicals without forming others. Exposure to environmental pollutants 

such as ionizing and non-ionizing radiation, ultraviolet radiation, high 

concentrations of ozone, cigarette smoke, and many other compounds in the 

environment; can result in overproduction of ROS, oxidative damage to cellular 

components and biomolecules can be involved in many chronic diseases including 

cancer (Poljš k and  Fink, 2014). 
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6. Conclusions and Recommendations 

6-1: Conclusions  

1. Both  ABCG2 and ABCB1 genotypes differs from HWE of  BC patients compared to 

the control. 

2. The ABCG2, ABCB1 genotypes differs between BC patients and control, and the CC, 

CT genotypes of the ABCG2, ABCB1 genes  may be associated with the risk of BC 

development. 

3. BRCA1 genotypes are similar in HWE of the BC patients and the control, the 

deviations from HWE in the control group may indicate genetic mutations in some 

healthy individuals. 

4. Different dominant model of ABCG2, ABCB1 genotypes between BC patients and 

control. 

5. The primers can be nominate to be a distinctive indicator of BC at the level of the 

RAPD indicators, and thus these primers can be adopt to distinguish BC genetically.     

6. Successful PCR product for the first time to be a template in terms of the number of 

bands and the accuracy of the result in studying genetic polymorphisms of the BC 

related genes in PCR-RAPD-PCR technique.  

7. Different total number of polymorphic, unique, monomorphic bands of ( miRNA-152, 

and  ER-α) genes between the BC patients and control reverse to the total number of 

polymorphic, unique, monomorphic bands of (ABCG2, ABCB1, and BRCA1) genes.  

8. Nucleotide sequencing analysis revealed 11 mutations in the ABCG2 gene, seven in 

the ABCB1 gene, three in the BRCA1 gene and six in the ER-α gene. 

9. Changing the shape of the three-dimensional (3D) protein of the ABCG2, ABCB1, 

BRCA1, and ER-α genes among BC patients. 
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10. Evidence of a high level ROS and mitochondrial defect in BC tissue than healthy 

tissue by cytogenetic study. 
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6-2: Recommendations 

1. This study presented genetic informations of the breast cancer related genes and 

cytogenetic informations on breast cancer tissue, this information can be used as a 

reference for future studies of these genes and tissues. 

2. The results indicated similarities and differences in the genetic polymorphisms of the 

ABCG2, ABCB1, BRCA1, ER-α and miRNA-152 between breast cancer patients and 

control and this help in the ongoing struggle to clarify and confirm the differences 

through several techniques of PCR, nucleotide sequencing and cytogenetic study. 

3. Future studies including a larger number of  populations to give a clearer picture of the 

genetic polymorphisms of the breast cancer related genes. 

4. Increments the impaction about lifestyle, physiological and environmental factors on 

the genetic polymorphisms of BC related genes.  

5. Elucidation of the role of silent mutations on gene expression of BC related genes. 

6. Studying the genetic polymorphisms of the breast cancer related genes in male BC 

patients. 

7. Study the effects of anti-cancer agents on the genetic polymorphisms of BC related 

genes. 

8. The use of bioinformatics and molecular genetics techniques in the field of medical 

diagnosis and as one of the methods for genetically diagnosing BC, and in the 

choosing of a suitable treatment.  

9. Adopting the use of fluorescent microscopy in diagnosing BC tissues, with more 

details and information about cancer tissues upon the amount of ROS and defect of 

mitochondrial morphology.  



1.  
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Appendix (1): The component of Go Taq ® Green Master Mix  kits that used in the 
present study  

 

     The component of the Go Taq ® Green Master Mix  

2X  Go Taq ®DNA polymerase  1 
1X  Green Go Taq ® Reaction Buffer (PH 8.5) 2 
400µM for each  µM dATP, µM dGTP, µM dCTP , µM dTTP 3 
3mM Mgcl2  4 
Trace  Yellow and blue dyes  5 

 

 

Appendix (2): PCR  RFLP results for ABCG2, ABCB1, BRCA1 after digested with MboI, MboI, 
EcoRI restriction enzyme, respectively. (A) The first lane (M) on left  is ladder (25-300) bp in size, 
fragement were 300 bp and 62 bp for wild- type homozygote CC, while RFLP- PCR  product 300 bp, 150 bp 
and 62 bp for the heterozygote CT, 300 bp for Homozygote  mutant variant TT. (B) The first lane (M) on left 
is ladder (25-300) bp in size, fragments were 206 bp and 45 bp for the Wild-type homozygote CC,while 206 
bp, 161 bp and 45 bp for the heterozygote CT, and 206 bp for Homozygote  mutant variant TT. (C) The first 
lane (M) on right  is ladder (25-2000) bp in size, fragments were 302 bp,163 bp for the heterozygote CT, and 

302 bp CC for the homozygote CC.                                                                                                              

 

 

 

 

 

 

 

 

 

 

 



Appendix (3): The observed and expected frequencies under  Hardy-Weinberg 
equilibrium in the ABCG2 gene of breast cancer patients. 

 

Appendix (4):  The observed and expected frequencies under  Hardy-Weinberg 
equilibrium in the ABCB1 gene of breast cancer patients.  

 

 

Appendix (5):  The observed and expected frequencies under  Hardy-Weinberg 
equilibrium in the BRCA1 gene of breast cancer patients. 

 

 

 

 

 

 

 

Gene Genotypes Patient 
(Observed) 

Patient 
(Expected ) 

X2 

(H.W.E) 
 

P-value 
 

ABCG2 
CC 18 16.2  

20 
 

0.000008 CT 0 3.6 
TT 2 0.2 

H.W.E Hardy - Weinberg equilibrium ( if P > 0.05 consistent with H.W.E), at 1 d.f.    X2  Chi-square 

Gene Genotypes Patient 
(Observed) 

Patient 
(Expected ) 

X2 

(H.W.E) 
 

P-value 
 

ABCB1 
CC 6 6.6  

0.314 
 

0.575 CT 11 9.8 
TT 3 3.6 

H.W.E Hardy - Weinberg equilibrium ( if P > 0.05 consistent with H.W.E), at 1 d.f.    X2  Chi-square 

Gene Genotypes Patient 
(Observed) 

Patient 
(Expected ) 

X2 

(H.W.E) 
 

P-value 
 

BRCA1 
CC 0 5.0  

20 
 

0.000008 CT 20 10.0 
TT 0 5.0 

H.W.E Hardy - Weinberg equilibrium ( if P > 0.05 consistent with H.W.E), at 1 d.f.    X2  Chi-square 



Appendix (6):  BRCA1 digested by NEB cutter bioinformatics program   

 

 

 

 

 

 

 

 

 

 

 

 

(BRCA1 gene) 5’CAGTTTCTGCTTATTCCATTCTTTTCTCTCACACAGGGGATCAGCATTCAGATCTACCTTTTTTTCTG 

TGCTGGGAGTCCGC  CTATCATTACATGTTTCCTTACTTCCA  GCCCATCTGTTATGTTGGCTCCTTGCTAA GCCAGG  

CTGTTTGCTTTTATTACAGAATTCAGCCTTTTCTACATTCATTCTGTCTTTAGTGAGT  AATAAA 

CTGCTGTTCTCATGCTGTAATGAGCTGGCATGAGTATTTGTGCCACATGGCTCCACATGCA  AGTTTGAAA CAGAAC  

TACCCTGATACTTTTCTGGATGCCT  CTCAGCTGCACG  CTTCTCAGTGGTGTTCA  AATCATTATT ACTGGGT  

TGATGATGTTCAGTATTTGTTACATCCGTC  TCAGAAAATTCACAAGCAGCTGAAAATATACAA AAATAAC  A  

AGGTACTCAAAAACTGAATTGTCAT  TAAAAAAATACATA3’ 

Appendix (7): DNA sequencing identification for ABCG2, ABCB1, BRCA1, and  ER-α 
mutation regions in patient samples (red arrows).  

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 الخلاصة :
 

 الخلاصة:

 ,ABCG2, ABCB1, BRCA1, ER-α) لجٌناتالتشكلات الوراثٌة  لمقارنة الحالٌة الدراسة أجرٌت

miRNA-152  )الثدي سرطان مرضى بٌن (BC ),لأنسجة الخلوٌة الوراثٌة التغٌرات بعض وتحدٌد والاصحاء 

 مستشفى فً المشاركٌن من دم عٌنة عشر وسبعة مائة جمع تم. السلٌمة الأنسجة مع ومقارنتها الثدي سرطان

 إلى 2020 سبتمبر 3 من الدراسة فترة كانت. مٌسان محافظة فً الأورام لعلاج الشفاء ومركز التعلٌمً الصدر

 .2021 سبتمبر 15

التشكل  لدراسة النٌوكلٌوتٌدات وتسلسل( مرة لأول) PCR-RAPD-PCR و RFLP-PCR تقنٌة استخدام تم 

-ABCG2 , ABCB1 , BRCA1 , ER) لجٌناتتم استخدام بادئات خاصة  الدراسة هذه فً. الوراثً للجٌنات

α , mi-RNA 152 )التقٌٌد إنزٌمات من نوعانو (MboI ، EcoRI )عشوائٌة  بادئات أربعةوOPAA11) , 

OPU15 , OPAA17, OPD18 .)من أنواع أربعة استخدام تم الخلوٌة, الوراثٌة بالدراسة ٌتعلق فٌما 

 كسجٌنوالأ أنواع لتحدٌد( DAPI , DCFH-DA , Mito-Sox , Mito-Tracker)صبغات المشعة ال

 BC مرضى بٌن الأنسجة فً ROS بـ وراثٌةال الطفرات وعلاقة ٌتوكوندرٌااالم وخلل( ROS) التفاعلً

 جامعة - العلوم كلٌة -علوم الحٌاة قسمفً  الوراثٌة الهندسة ختبرم فً الدراسة أجرٌت. الاصحاء مع ومقارنتهم

 المتسلسل البلمرة تفاعل تقنٌة باستخدام وتضخٌمها الدم عٌنات جمٌع من النووي الحمض استخراج بهدف ,مٌسان

(PCR), بتقنٌات للجٌنات وراثٌةال الأشكال تعدد لدراسة كقالب منتجاتها واستخدام PCR تسلسلتحدٌد و 

 النتائج جمٌع تحلٌل تم. النٌتروجٌنٌة القواعد تسلسل لتحلٌل Macrogen Korea شركة عبر النٌوكلٌوتٌدات

 .Chi-Square test مربع كاياختبار بواسطة

  Square Chiاختبار باستخدام وراثٌةال للأنماط الإحصائً التحلٌل نتائج أظهرت ,RFLP-PCR تقنٌة فً

 و ABCG2 الوراثٌة لجٌنات الأنماط فً واٌنبرغ-هاردي توازن فً اختلافاتان هناك هاردي واٌنبرغ  تزانلا

ABCB1 جٌنلـ وراثٌةال الأنماطاظهرت و الأصحاء, بالأشخاص مقارنةلمصابٌن بسرطان الثدي ل BRCA1 

 دلالة ذات فروق هناك كانت. الاشخاص الاصحاءوالثدي  المصابٌن بسرطان مرضىال فً ما حد إلى تشابهًا

المصابٌن بسرطان  مرضىال بٌن ABCG2)  , (ABCB1 جٌناتلـ( C , T ) الألٌلات توزٌع فً إحصائٌة

 بٌن BRCA1 لجٌن( C, T ) الألٌلات توزٌع فً إحصائٌة دلالة ذات فروقوعدم وجود  ,الثدي والاصحاء

 ( لجٌنات CC, CT وراثٌة )ال الأنماط فً إحصائٌة دلالة ذات فروق الإحصائً أظهرالتحلٌل. مجموعتٌنال

ABCG2) , ABCB1). وراثٌة لـا الأنماط فً إحصائٌة دلالة ذات فروق أي النتائج توثق لم ذلك, جانب إلى 

TT),TC ,CC)  لجٌنBRCA1 إحصائٌة دلالة ذات فروق هناك كانت. سرطان الثدي والاصحاء مرضى بٌن 

 سرطان الثدي مرضى بٌن ABCB1 و ABCG2 لجٌنات (Dominant model) السائد النموذج توزٌع فً



 الخلاصة :
 

 وعدم ,(Recessive model) المتنحً النموذج توزٌع فً إحصائً ارتباط وجود عدم مع صحاءالا ومجموعة

 .BRCA1 لجٌن المتنحً والنموذج السائد النموذج توزٌع فً إحصائٌة دلالة ذات فروق وجود

 

 , ABCG2 , ABCB1) حزمل الإجمالً العدد أن نتائجنا كشفت , PCR-RAPD-PCR بتقنٌة ٌتعلق فٌما

BRCA1 , ER-α , miRNA 152) وجود مع الأخرى, بالمجموعة مقارنة رضىالم مجموعة فً أعلى كانت 

 الشكل ةحادٌالاو والفرٌد الأشكال متعددال حزمال مجموع فً مجموعتٌنال بٌن( P <0.05) كبٌرة اختلافات

 ، ABCG2 لجٌنات (P >0.05) إحصائٌة دلالة ذات فروق توجد ولا ,ER-α ,mi-RNA-152 لجٌنات

ABCB1 ، BRCA1 . اظهر البادئانOPD18 , OPAA 17  زوج قاعدي (30-20) جزٌئً وزنحزم ذات 

( 50-40) جزٌئً وزنذات  حزم OPAA11 البادئأظهر حٌن فً  ABCG2  BRCA1,ABCB1, اتجٌنفً 

( 40-20) جزٌئً وزن ذات حزم  OPD18 و OPAA17 ناظهر البادئابٌنما    ER- αفً جٌن زوج قاعدي

 فً تظهر ولم المصابٌن بسرطان الثدي مجموعة فً لحزما هذه ظهرت , mi-RNA 152جينفً  زوج قاعدي

 علىسرطان الثدي لـ ممٌزًا مؤشرًا لتكون البادئات ترشٌح ٌمكن وبالتالً إٌجابً مؤشر وهو ,الاصحاء مجموعة 

ا سرطان الثدي لتمٌٌز البادئات هذه اعتماد ٌمكن لذلك,. RAPD مؤشرات مستوى ًٌ  .الجزٌئً المستوى على وراث

 

 (G71T)   منها 6 جدٌدة وراثٌة طفرة 11 على الحصول تم ,ABCG2 لجٌن وكلٌوتٌداتٌالن بتسلسل ٌتعلق فٌما

, (T141C) , (T148C) , (G150C) , (T169C) , (G172C) تغٌر فً تسببت مترادفة غٌر طفرات  كانت 

 , (G38A)منها 3و سرطان الثدي, مرضى فً الأمٌنٌة الأحماض تغٌرل نتٌجة الأبعاد ثلاثًال البروتٌن بنٌة

(G2559C) , G96428A)) 163  منها 2و , مترادفة طفرات كانت G Del) , (167 ADel ًزاحة ا طفرات ه

 , (T59G) , (G55C) منها 6 ,وراثٌة طفرات ABCB1 8 لجٌن النٌوكلٌوتٌدات تسلسل أظهر. )حذف(

(C89A) , (C90G) , (A113C) , (A139T)  منها 2  , مترادفة غٌركانت طفراتC153T) , (C323T 

،   C213T   ،T248C) ,وراثٌة طفرات ثلاث BRCA1لجٌن  الجٌنً التسلسل وثق. مترادفة طفرات هً

T261C ) لجٌن النٌوكلٌوتٌدات تسلسل كشف. مترادفة غٌر طفراتجمٌعها كانت ER-α 6 4/6 ,وراثٌة طفرات 

C114T) , C244G , C344G , (C424T ً1/6 , مترادفة طفرات ه (T440C )1/6 , مترادفة غٌر 

(ADel 454 )ًازاحة )حذف( طفرة ه. 
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 فً Mito-Tracker و Mito-Soxو  DCFH-DAو  DAPI مع التفاعل زاد الخلوي, الوراثً فً الجزء

 ٌتوكوندرٌااالم تركٌب فً وخلل ,ROS إنتاج زٌادة بسبب الطبٌعٌة بالأنسجة مقارنةسرطان الثدي  أنسجة

 .وراثٌةال الطفرات إلى بالإضافة ,وظٌفتهاو
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