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 A 350-kDa protein is encoded by the ataxia telangiectasia mutated gene 

(ATM), a potential breast cancer risk gene. and is one of the 

fundamental components of the DNA-damage response system. The 

current study aimed to determine the function of inhibitory and 

regulatory gene ATM in the etiology of breast cancer in Iraqi women by 

identifying radiotherapy's detrimental impact on molecular factors about 

10-20 Gy locally gamma cells, which may have an impact on cancer 

patients' genetic material (DNA). At the Al-Amel National Hospital for 

Cancer Management in Baghdad, this study was conducted on 18 breast 

cancer patients from Iraq. over three months eighteen healthy ladies, 

aged 35 to 45 years, are non-smokers and non-alcoholics. The results of 

gene expression show a significant difference in the ATM treatment 

comparison between the initial and final administration of RT. P value= 

0.0047. Specialized primer genes were chosen for the mRNA genes 

ATM, as well as the primers for the internal control (actin) gene. which 

has a relationship with Ionizing radiation, using RT-PCR to analyze gene 

expression. According to the findings, radiation activates the ATM gene, 

which is involved in the cell cycle, DNA repair, and apoptosis 

regulation. 
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1. Introduction 

DF Breast cancer is the second most common cancer in the world and the most prevalent malignancy in 

Iraqi women. Radiotherapy has traditionally been one of the most prevalent cancer treatments (RT). Many 

attempts have been undertaken in recent years to increase dose distribution uniformity to a specified target 

volume while giving a minimal dosage to surrounding organs at risk. On the other hand, Individual patients 

may respond to RT in quite diverse ways. The individual variation reflects the fundamental processes that 

control radiation damage response, which is dictated by various cellular events governed by a large number 

of genes and their interactions [1], [2]. Radiation dose and volume, as well as the patient's age and health, 

all influence the risk of toxicity. Radiation dosage escalation improves local Tumor control, according to 

clinical research [3], [4]. Breast cancer has become the most often reported malignancy, accounting for 

roughly 20% of all new female malignancies, with around 1 million cases identified globally each year. 
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Radiation is a useful therapy for cancer treatment, however, it causes significant late radiation damage in 

5% to 10% of individuals. Oncology has successfully and frequently used ionizing radiation. Recent 

improvements in radiation therapy for cancer patients have improved cancer patient diagnosis, but they 

have also led to health problems [5], [24]. 

 

In the exposed posture, radiotherapy kills cells by destroying their DNA material [6], [7] the doubling of 

BC risks is linked to mutations in the ATM gene [8]. These genes are part of a system that maintains 

genomic integrity, although they only account for a small portion of family cancer incidence, with nearly 

half of all familial BC unsolved by any of these genes. To describe and identify the toxicity associated with 

aberrant transcriptional responses to DNA damage, Rieger and colleagues performed gene expression 

profiling with microarrays [9]. One putative susceptibility gene is the Ataxia Telangiectasia Mutated 

(ATM) gene. 

 

A 350-kDa protein serine/threonine kinase is known as ATM. That is a crucial component of the DNA-

damage response system, operating as an intracellular sensor for double-strand breaks It belongs to the 

phosphoinositide 3-kinase (PI3-kinase)-like a family of kinases (PIKK) (DSBs). The activity of the ATM 

protein kinase controls a variety of DNA-repair substrates. Because it triggers a signaling cascade in 

response to DSB, ATM is considered the primary regulator of cell-cycle checkpoint signaling pathways 

[10], [11]. Numerous studies that have revealed a LOH in the ATM gene region suggest that the ATM gene 

has a role in sporadic breast cancer. This has been discovered in 40% of cancers investigated. Only a few 

family occurrences of breast cancer have been linked to the ATM gene as a possible cause [12], [13]. ATM 

expression was epigenetically repressed in breast tumors that had developed locally, suggesting a link 

between diminished ATM function and sporadic breast cancer [14]. 

 

Although some studies have looked at ATM gene expression in breast tissues, none have looked at mRNA 

expression in tissues outside of the breast to see if these individuals have a constitutional genetic 

susceptibility component. The expression of the ATM gene in peripheral blood cells has been examined in 

several cancers, such as bladder and lung tumors [15], [16]. [17] When performing Western blotting, beta-

actin is widely used as a loading control to normalize total protein concentrations and check for protein 

breakdown in the samples. Its transcript is frequently used as a housekeeping gene standard in qPCR. Its 

molecular weight is around 42 kDa 18. Beta-actin belongs to the family of actin proteins. The actin 

cytoskeleton, a network of fibers made of proteins from this protein family, serves as the cecum's structural 

framework. The purpose of this study was to find out how inhibitory and regulatory genes, such as ATM, 

play a role in the etiology of breast cancer in Iraqi women by identifying the negative effects of radiation on 

molecular and physiological parameters. 

 

2. Materials and methods 

 

2.1 Sample 

Whole blood samples, were taken from Breast cancer patients are managed in Baghdad's Al-Amel National 

Hospital for Cancer. This study, which involved 36 Iraqi women with breast cancer who had received 

radiotherapy treatment in various sessions and were neither smokers nor drinkers, was conducted from 

November 2021 to February 2022. aged (35-45 years) Total of 54 samples was divided into three groups, 

the first group includes 18 samples from women who suffered from breast cancer after the first session of 

radiotherapy, and the second group includes 18 samples of the same patients but in the last session in 

radiotherapy, the third group include 18 control sample of a woman aged (35-45 years) which are non-

smokers non-alcoholic, and all of them (100 %) were females. Name, age, smokers, blood type, location of 
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residence, radiation dose, and other ailments were among the inquiries and information collected from 

women. This research involved eighteen Iraqi women with breast cancer who had radiation treatment with 

10-20 Gy gamma rays locally. 

 

2.2 Blood sample collection 

Each participant's peripheral blood sample was obtained in an EDTA (Ethylene diamine tetra acetic acid) 

tube and immediately sent to the laboratory for processing. 

 

2.3 Extraction of RNA and synthesis of cDNA 

RNA was extracted from a blood sample using the TRIzol reagent protocol principle The TRIzol reagent 

[18] is a monophasic solution of phenol, guanidine isothiocyanate, and other unique components that aid in 

the separation of a wide range of RNA species of various molecular sizes. TRIzol reagent preserves RNA 

integrity by inhibiting RNase activity effectively while disrupting cells and dissolving cell components 

during sample homogenization [18]. The TRIzol reagent allows you to precipitate RNA, DNA, and proteins 

in order from a single sample. Chloroform was added to the homogenate after homogenization with TRIzol 

reagent, and the homogenate was allowed to separate into a clear upper aqueous layer (containing RNA), 

interphase, and a red bottom organic layer (containing the DNA and proteins). Isopropanol is used to 

precipitate RNA from the aqueous layer. Ethanol is used to precipitate DNA from the interphase/organic 

layer. Isopropanol precipitation separates the protein from the phenol-ethanol supernatant. Impurities were 

removed from the precipitated RNA, DNA, or protein, which were then resuspended for use in downstream 

applications. A UV spectrophotometer was used to determine RNA concentration and purity using the 260 

nm absorbance and 260/280 nm absorbance ratio. According to the manufacturer's procedure, a total of 400 

ng of RNA was reverse transcribed to cDNA using the ADDBio (Korea) kit. 

 

2.4 Quantitative real-time PCR 

Initially, the amplification was achieved using AddScript RT-qPCR Syber master (AddBio, Korea) The 

delta-delta Ct method was used to normalize transcript levels to those of 12S-rRNA mRNA as mentioned 

by Schmittgen and Livak 2008 [19] in which the following formula was employed: 

2-∆∆CT = [(CT gene of interest- CT internal control) sample A- (CT gene of interest- CT internal control) 

sample B)]. Note: Sample A means one certain group. Sample B means another certain group. This 

approach was carried out according to the comparative Ct approach (ΔΔCt) with normalization to the level 

of the control group in the presence of the transcript levels to those of b actin mRNA. This was achieved 

according to the recommendation of [19] 

 

For this purpose, amplifying of the ATM gene was carried out using the following primers: these were 

recruited from [16] the βACTIN gene from [20] 

 

Table 1. Primer sequences used in real-time PCR 

Primer name Sequence ‘5---------3’ Target gene  References 

ATM forward gene CTCTGAGTGGCAGCTGGAAGA Gene of interest [16] 

ATM revers gene TTTAGGCTGGGATTGTTCGCT  [16] 

Βactin forward 

gene  

CCTTTGCCGATCCGCCG Internal reference 

gene (normalizer) 

[20] 

Βactin reverse gene GATATCATCATCCATGGTGAGCTGG  [20] 
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A/ The reaction was including: 

 

Table 2. The amplification was achieved using AddScript RT-qPCR Syber master (AddBio, Korea) 

Substance Amount 

H2O 4 μl 

AddScript RT-qPCR 10 μl 

Forward primer (0.05 pmol/20 μl) 1 μl 

Reverse primer (0.05 pmol/20 μl) 1 μl 

cDNA 4 μl 

Total 20 μl 

 

B\ the thermal conditions were carried out using an Applied Biosystem qPCR machine (USA)  

 

Table 3. The thermal conditions were carried out using an applied biosystem qPCR machine (USA) as 

follows: 

Temperature Time Repeat 

Activation  50 C 2 min 1 

Initial 

denaturation  

95 C 10 min 1 

Denaturation  95 C 15 sec 40x 

Annealing  60 C 60 sec 40x with machine read 

Extension  60 C 35 sec 40x 

Melting analysis 95 C 15 sec 1 

Melting analysis 60 C 60 sec 1 

Melting analysis 

 

+0.3 C of 95C 15 sec With machine-read 

 

3. Results and Discussion 

At the top of the DSB repair pathway, which is responsible for severe DNA damage, is the ATM protein 

kinase, which is produced by the tumor suppressor gene ATM. Activating DNA repair pathways, directing 

cell cycle arrest in G1/S, S, and G2/M, and signaling death if DNA damage is so severe that normal cell 

function cannot be restored are just a few of the ways that ATM safeguards the genome. 23 Numerous 

studies have discovered that the ATM gene may be significantly involved in the development and spread of 

breast cancer and that breast cancer tissues have down-regulated ATM expression [21]. Each radiation-

treated breast cancer patient and the control group had their peripheral blood sampled for total RNA. Using 

a Nano spectrophotometer, the RNA concentration and purity were determined spectrophotometrically at 

260 (A260) and 280. (A280). The amount of RNA produced by peripheral blood leukocytes is highly 

influenced by the individual's physiological state, showing a dynamic shift in the proportion of circulating 

leukocytes and resulting in a wide range of variability in RNA yields and components 25. Purity ratios of 

1.75 to 2.1 were achieved when RNA from whole blood was retrieved for the current experiment. for both 

radiotherapy-treated BC patients and control groups. If there is protein or phenol contamination, this ratio 

will be substantially lower than the values provided above, making precise quantification of the quantity of 

RNA impossible. Figure 2 shows the mRNA genes in peripheral blood of BC patients treated with RT 

according to their employment in the current investigation using the Ct technique. There were significant 
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variations in this gene between BC patients treated with RT and control groups (p 0.01). The ATM gene 

was examined using RT PCR to rule out the possibility that this gene are normally triggered by irradiation. 

 

 
Figure 1 ATM gene expression with fold change comparison 

 

As shown in Figure 1. There was a substantial decrease in ATM expression in the initial dosage compared 

to the control group. 0.0004 is the P value. There was considerable up-expression (*) in the ATM group in 

the last dosage compared to the control group. The P value is 0.0339. The ATM treatment comparison 

between the first and final administration revealed a significant change. 0.0047 is the P value. The one-way 

t-test was used to assess them. 

 

Table 4. The average of the fold change in the compared groups expressed the initial ATM gene. 

 
Control 

Initial 

ATM 

7.8 0.4 

 

Table 5. The average of the fold change in the compared groups expressed the final ATM gene. 

 
Control 

Final 

ATM 

1.4 4.2 

 

We see in Tables 4 and 5 the fold change for ATM gene for each blood sample patients that emphasizes the 

up- regulation of gene expression because of that change in dose by comparing in first and last dose. 
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Figure 2 The amplification curve of the tested samples represents the ATM and Bactin genes. 

 

The amplification curve of the examined blood samples depicts the ATM and Bactin genes, as we can see in 

figure 2 this indicates a successful RNA extraction and cDNA synthesis. The relative quantitative ATM 

gene expression was up-regulated in blood for breast cancer patients treated with RT compared to the 

control group, as illustrated in figure 1. Furthermore, the current study's findings are consistent with those 

previously published by Abdul-sahib [22], [23]. Our findings imply that DNA repair gene expression may 

be useful in identifying biomarkers of ionizing radiation exposure. 

 

4. Conclusion 

The findings suggest that changes in gene expression, such as the ATM gene, following ionizing radiation 

exposure, might be used as a possible molecular marker for such biodosimetry. Furthermore, we observed 

that genes involved in cell cycle control, DNA repair, and death were considerably increased by treatment 

response. 
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