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ABSTRACT 
Currently, breast cancer is a major health concern among the women population. It is caused by 

the abnormal proliferation of cells inside the breast resulting in the formation of lumps, which can 

metastasize to other areas in the body. Annually, there are almost a million females diagnosed with 

breast cancer worldwide. In most cases breast cancer results from some mutations of a few genes 

such as Ataxia telangiectasia Mutated (ATM), which is found to be over-expressed in nearly 50% 

of breast cancers. In this study, we obtained a total of 334 blood samples from Khyber Pakhtunkhwa, 

out of which 184 were past Breast cancer symptomatic while 150 were healthy controls. In this way, 

we obtained pure blood from diseased and healthy individuals using the Phenol-Chloroform method 

to extract DNA from whole blood. Similarly, genotyping was done using Allele-Specific PCR (AS-

PCR) by utilizing specially designed tetra primers for each allele and statistical analysis was done 

using IBM SPSS software. The amplification product was localized on 2% agarose gel using a UV 

illuminator. The polymorphism distribution of the ATM Genetic variant rs3092856 in breast cancer 

patients and healthy controls indicates the SNP (rs3092856) has a significant (P=0.0079, 

χ2=8.970,2) role in breast cancer protective mechanism in Khyber Pakhtunkhwa. Besides, the 

heterozygous dominant genotypes in patients with breast cancer and the CC genotypes in 

homozygous dominant genotypes had statistically higher prevalence compared to healthy controls. 

However, patients with breast cancer had significantly less frequency of homozygous recessive 

Genotype (GG) than healthy controls. Additionally, we noted that the cases had a similar low 

frequency of the minor allele (G) compared to the controls, which showed the same trend of 

associations. The above-mentioned findings infer that the risk associated with developing breast 

cancer is associated with the C allele while the G allele exerts a strong protective effect in the 

Khyber Pakhtunkhwa population afflicted with breast cancer.  
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INTRODUCTION

Breast cancer is a type of cancer that affects women 

globally and is one of the most common types of 

cancer that affects women. In 2023, there were 

approximately 900.000 new cases reported 

globally. The disease accounts for nearly 60% of 

deaths due to cancer. In rich societies, more than 

80% of patients diagnosed with breast cancer 

survive for more than five years. In a poor society, 

this number is lower than 40%. The aim is to 

improve the annual survival rates through 

advancements in diagnosis and treatment. In 

developing countries, however, there is more 

challenge to achieve better treatment results 

because of their weak, and inadequately funded 

health systems (Komata D et al., 2016). Estrogen 

promotes the mutations that ultimately cause breast 

cancer. Among these, specific single nucleotide 

polymorphisms (SNPs) associated with breast 

cancer are identified by Genome-Wide Association 

Studies (GWAS).  

Even though their impacts are quite often less 

severe than the impacts of rare gene-associated 

mutations, including BRCA1, BRCA2, and ATM. 

These common genetic imperfections also 

constitute the breast cancer genetic makeup and 

help in the classification of people into different 

levels of risk. (Deng & Associates, 2017). SNP 

rs3092856 is located within the ATM gene on 

chromosome 11. The ATM gene is found at 

chromosome 11 in region 22.3 of the long arm of 

chromosome 11 (11q22.3). (Shan et al., 2019). 

The ATM gene contains 66 coding segments which 

cover approximately 150 kilobases of DNA and 

produce a 13 kilobase long messenger RNA with a 

coding sequence of 9168 base pairs from multiple 

tissues investigated. GWAS identified several 

candidate single nucleotide polymorphisms (SNPs) 

that are implicated with breast cancer. The impact 

of such common genetic alterations is often lower 

when contrasted with the atypical mutations like 

the ATM, BRCA1 and BRCA2 genes. All these 

features, however, together form the genetic 

framework of breast cancer, and assist in 

determining different levels of risk in the patients 

(Janavicius. 2011). The GWAS has also identified 

certain specific SNPs, such as rs3092856 linked 

with breast cancer.  

This study aims to assess the burden of breast 

cancer alongside its symptoms among the patients 

and analyze the relationship between ATM genetic 

variation rs3092856 and the danger of breast 

cancer in Khyber Pakhtunkhwa’s patients. 

 

Research Methodology  

Ethical Approval 

The ethical review board of the Biotechnology 

Department permitted us to conduct the research 

processes and methods in the Abdul Wali Khan 

University health biotechnology lab. 

 

Area Selection, Sample Size, and Information 

Collection  

In the study, we have taken blood samples at the 

Mardan Medical Complex (MMC) situated near 

Sheikh Maltoon Town in Mardan, Khyber 

Pakhtunkhwa, Pakistan. A total of 300 people had 

their blood collected wherein 150 were of breast 

cancer and 150 were healthy. A comprehensive 

questionnaire and an informed consent form were 

developed and implemented to collect patient 

information such as demographics, health history, 

and lifestyle preferences. Approximately 3-4 cc of 

blood were collected from each participant. 

Deposited in an EDTA vacutainer and stored at the 

health biotechnology laboratory. 

 

Inclusion Criteria for Patients 
We have collected blood specimens from the 

patients showing signs similar to breast cancer, 

who consented to be part of the study and were 

diagnosed using imaging and serum tests. Healthy 

subjects were included in the study on the basis that 

the individuals did not have any family stories of 

breast cancer. 

 

Exclusion Criteria for Patients  
The exclusion criteria consist of: All participants in 

the study were those who refused to participate in 

the research, those with diagnoses other than breast 

cancer, those with impaired immune systems, those 

who did not have typical symptoms, and those who 

did not undergo a breast cancer screening. 

 

Extraction of DNA: 

 Genomic DNA was extracted from 4-5ml of the 

blood samples utilizing standard Phenol-

chloroform methods. Proceeding extraction, DNA 

was confirmed on 1% agarose followed by 

quantification by nanodrop.  
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DESIGNING OF PRIMERS 

The ATM sequence was obtained from the NCBI, 

and the SNP (rs3092856 C>G) was identified using 

the NCBI db-SNP data source. Two outside 

primers and two interior primers for each allele 

were designed using the NCBI primer design tool.  

 

 

PROCEDURE of PCR Amplification  

For the amplification of PCR, we utilized a 

thermocycling T100. The developed primers were 

employed in this experiment. The final PCR 

reaction needs nine microliters of blue master mix, 

two microliters of PCR grade water, three 

microliters of genomic DNA, 1.5 microliters of 

outer primers, and 1.5 microliters of inner primers. 

 

GENOTYPING OF ATM VARIANT 

RS3092856 C>G 

The ATM variant rs3092856 was genotyped using 

an allele-specific PCR method. Table 3.4 shows 

the requirements for PCR thermocycling. 

 

HORIZONTAL GEL ELECTROPHORESIS 

Electrophoresis of amplified PCR products was 

performed on a 2% agarose gel. 

            

Figure 3.1 Genotyping of ATM variant rs3092856.

STATISTICAL ASSESSMENT  

We have carried out all statistical procedures and 

assessments using GraphPad Prism 8.0.1. 

 

 

 

 

 

 

 

 

Result  

ATM Genetic Variant (RS3092856 C>G) 

GENOTYPING 

We have studied the ATM genetic variant 

rs3092856 in 150 breast cancer patients and 150 

healthy people to assess its association with the 

illness. Each case-control study's genotype 

frequency differs significantly from the others. The 

tests were conducted using the statistical software 

SPSS. 
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The study found significant differences in 

genotypes between the patient and control group in 

the co-dominant model. Patient genotype, C/G 

(38%), G/G (20%) C/C (53%). Controlled 

genotypes, G/G (38%), C/C (28%), C/G (33%). An 

important connection between patient status and 

genotype was found(x2=8.9720). P= (0.0079).  

 

HOMOZYGOUS DOMINANT MODEL 

The study found an important association between 

patient status and the C/C genotype. 46% of 

patients had the C/G+G/G genotype while 53% had 

the C/C genotype. In control group there were 62% 

C/G+G/G genotype and 38% C/C genotype. In this 

case, the odds ratio was 1.8647 (95% CI 1.771—

2.9538) P = 0.0079. 

 

 

 

 

HOMOZYGOUS RECESSIVE MODEL 

The genotype distribution in the homozygous 

recessive model showed significant differences. 

20% of patients and control had G/G genotype, 

while the remaining 80% had C/C or C/G. An 

important link was found between the G/G 

genotype and the status of the patient (OR=0.5000, 

95% CI= 0.2959-0.8450, P=0.0096).  

 

HETEROZYGOUS DOMINANT MODEL 

There were no significant association found in the 

genotype distribution between control and patients 

using the heterozygous dominancy paradigm. Both 

the groups had 26% C/G and 73% C/C or G/G 

genotypes. The OR for the G/C genotype and 

patient status was 0.8295 (95% CI: 0.5014), with a 

P-value of 0.4665, representing no important 

association. 
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In the additive model, affected individuals had C 

allele frequency of 66.66% and G allele frequency 

of 33.33%, while controls had C allele frequency 

of 47.66%. The C allele was significantly 

associated with the patient status (OR= 1.8217, 

95% CI: 1.3095-2.5341, P=0.0004). 

DISCUSSION 

The main causes of breast cancer include genetic 

changes and DNA damage, and estrogen exposure 

may exacerbate these diseases. BRCA1, BRCA2, 

and ATM are among the genes connected to BC 

that are being studied in an attempt to make them 

uncommonly inherited. Breast cancer is associated 

with a 5- 10% hereditary predisposition. The 

increased risk linked with the BRCA1 and BRCA2 

genes has gained a lot of attention recently, 

however, it is likely that this represents just a minor 

share of the total hereditary risk. (Kastan and 

Shiloh 2001). 

The rest could be clarified by less significant but 

more prevalent genes. For instance, the ATM gene 

is changed in the human disorder ataxia-

telangiectasia. The current clinical practice 

involves gene panel testing for women with ATM 

gene mutations who are thought to be at moderate 

risk of getting breast cancer due to a family history 

of the disease. It is suggested that these women 

undergo screening and MRIs at the age of forty. 

Currently, physicians are unable to test the general 

public with gene panels, and ATM mutations are 

typically detected after a breast cancer diagnosis. 

(L. Dorling and colleagues, 2021). 

As a result, a family history of ovarian or breast 

cancer predisposes to development of this disease. 

Mammography has been reported to claim the 
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highest percentage of deaths of women worldwide 

due to cancers. Siegel et al. (2018) indicated that 

women are hundreds of times more probably to 

grow breast cancer as compared to men. It was 

estimated that 2.3 million new cases of breast 

cancer will be diagnosed in 2022, and half of the 

population who suffer from this disease will die 

because of it. The share of deaths was 60%, which 

falls under emerging nations. In developed 

countries, the rate of survival for breast cancer after 

5 years is about 80%. However, this is less than 

40% in emerging nations (Khan et al. (2023)). 

Khokher et al. opine that breast cancer is on the rise 

in Pakistan. A higher incidence of breast cancer is 

found in South Asian low-income countries of high 

population density. Badar and others, 2011. Male 

breast cancers have also been linked with 

Pakistan's northern regions. Jiao et al., 2023. 

Since Swift et al.'s first study showed that breast 

cancer was most clearly linked with AT 

heterozygosity, ATM has been identified as a 

factor of risk in sporadic cases of breast cancer in 

the general population. This topic remains 

throughout the literature. (Kaur & others, 2022). 

Among the patients reporting BC symptoms, we 

calculated the prevalence of BC symptoms. A high 

prevalence of BC was reported amongst those with 

BC symptoms; on the whole, of 184 patients with 

symptoms, 150 (81.52%) as shown in Figure 4.1 

were given biopsies whose confirmation is their 

diagnosis, and there were those left at 34 or 

18.48%. The individuals also had gynecomastia, 

breast engorgement, breast cysts, and abscesses. 

This study explores genotypic and allelic 

frequencies in symptomatic patients and control. It 

found that homozygous-dominant gene, CC was 

significantly high for breast cancer patients than 

the health controls, implying that it may have a 

negative effect. 

However, frequencies of the CG genotype (Figure 

4.5) were similar in breast cancer patients and 

controls from British Columbia. Frequency of the 

homozygous recessive genotype, or GG genotype 

(Figure 4.4) was greater in the control group than 

in the breast cancer patients indicating that Khyber 

Pakhtunkhwa's disproportionately large population 

was resistant to breast cancer. In addition, in the 

suspected patients, the minor frequency for the 

minor allele G revealed linkage and parallel trends. 

Thus, this research finds that those with the C allele 

have a higher risk of BC than subjects with the G 

allele. The G allele confers protection against BC 

in Khyber Pakhtunkhwa subjects. However, the 

homozygous recessive genotype GG in ATM SNP 

Rs 3092856 has been associated with a high risk of 

throat, prostate, and breast cancer (Jiao et al., 2023; 

Kaur et al., 2022; Liu et al., 2018). Compared to 

previously existing statistics in the world, this 

study differs significantly. 

However, this case-control study may possess a 

few probably flaws that are worth mentioning. The 

size of the enormous sample may give proof that 

ATM Genetic Variation SNP rs3092856 is 

associated with breast cancer. Moreover, the use of 

only one facility in collecting all blood samples 

may have been exposed to selection bias hugely 

influencing this particular study. However, further 

research has to confirm these findings with larger 

datasets. 

 

CONCLUSION: 

The findings of this study revealed a substantial 

link between the illness and the breast cancer SNP, 

such as rs3092856. It is the first study to investigate 

the link between breast cancer and the ATM 

genetic variant, such as rs3092856 in the Khyber 

Pakhtunkhwa population. According to the results, 

those with the CC genotype are more size is needed 

to better understand the effect of the ATM genetic 

variation on breast cancer. 
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