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 Background: Circulating cell-free DNA (cfDNA) and its integrity index can be a fast and non-invasive (liquid biopsy) 
biomarker, this provides significant additional data for diagnosis, prognosis and therapy stratification in cancer 

patient. 

Methods: The circulating tumor DNA (ctDNA) concentration and integrity was investigated in the plasma from 

patients with breast cancer by a quantitative polymerase chain reaction (qPCR) and their diagnostic value for 

breast cancer etiology was evaluated Plasma samples were collected from 55 patients 40 patients with breast 
cancer, 5 patients each with other type of cancer (ovarian cancer, colon cancer, stomach cancer) and 20 healthy 

controls. Real-time PCR of β-actin gene were investigated using two primer sets (400 and 100bp) to amplify 

different DNA fragment lengths. The DNA integrity index was calculated as the ratio of q-PCR results of β-actin 

400bp/100. 

Results: In all cancer patients the DNA concentrations were significantly higher p<0.0001, than those of the control 
group. The plasma DNA integrity was statistically significantly lower in breast cancer and colon cancer than the 

control groups (p<0.001). 

Conclusion: The plasma DNA concentration and integration test can serve as a new diagnostic marker for 

detection and monitoring of patients with breast cancer and colon cancer. 
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INTRODUCTION 

Breast cancer is the most prevalent cancer among females 

that is a significant global health issue. It contributes 

approximately one-fourth of all cancers and the second 

prevalent cause of death from cancer in females (1). Every year 

approximately 458,000 females die from this disease (2). Breast 

cancer in Iraq is the most dangerous disease with the highest 

incidence that has threatened women in Iraq over the last 20 

years. There are 1000-2000 new cases are recorded every year, 

98% of which influence women and 2% of which affect males 

and occupy 14% of the total disease in varying cancers and 1-6 

of every 100,000 women are impacted (3). The risk of breast 

cancer is also increased by obesity, sedentary lifestyle and 

alcohol consumption. While the usefulness of mammography 

in early detection of breast cancer and the subsequent survival 

benefit have been demonstrated in numerous research, 

elevated false-positive rates and costs have restricted its 

application in third world countries. Population awareness and 

clinical examination of early manifestations of breast cancer 

remain suggested strategies (4). However, the development of 

therapeutic methods for breast cancer with the use of adjuvant 

hormonal treatment, radiotherapy and chemotherapy has led 

in a continuous decline in mortality from breast cancer over the 

previous 30 years (5). 

The assessment of serum markers as Carcinoembryonic 

antigen (CEA) or CA15-3 is still used in clinical practice for BC 

follow-up, but with low sensitivity and specificity (6,7). Blood 

cancer-derived DNA is a good biomarker for cancer diagnosis. 

Previous trials have shown a rise in cell-free circulating DNA in 

various cancer types (8). Mandel and Metais first defined the 

existence of fragments of cell-free nucleic acids in human 

blood in 1948 (9). However, there was no proof of their 

attachment with the disease until 1977 Wang et al. (2003) 

demonstrated the enhancement of plasma DNA concentration 

in cancer patient (10). DNA fragments are released into 

circulation through cell degradation procedures such as 

apoptosis and necrosis by both healthy and cancer cells. 

Circulating free relates to DNA fragments produced from cells 

irrespective of their origin, while fragments explicitly released 

from cancer cells are primarily referred to as circulating tumor 

DNA (ctDNA). This biosource may contain mutations, Copy 

number variations (CNVs) structural variations and 

modifications in methylation, all of which may provide cell load 

data and origin of tumor (11). In comparison to programmed 

cell death in healthy cells, which produces lower and more 

regular DNA fragments, tumor necrosis triggers DNA release of 
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different sizes ,DNA integrity Index depicted as a proportion of 

longer to smaller DNA portions can be clinically helpful for 

cancer identification as a probable serum biomarker (12). 

Lately, circulating DNA integrity estimated as the proportion of 

longer to shorter DNA fragments, It was observed to be higher 

in gynecologically and breast cancer patients than in healthy 

people (13). 

In the present study, we assess the use and identification of 

β-actin repeats and the DNA integrity test in breast cancer 

patients. 

MATERIALS AND METHODS 

Patients 

The study was conducted on 75 women including 40 

women with breast cancer at different stages of the disease, 15 

among other cancers (ovarian cancer, colon cancer and 

stomach cancer), five for each type, and 20 normal healthy age 

matched females. The age ranging between 30 to 88 years were 

included in this study. All clinical data have been obtained 

including complete medical history; full clinical examination, 

type of treatment used and pathological variables. Blood 

samples were collected from Ramadi Teaching Hospital, 

Department of Oncology in the period from July 2018 to 

November 2018 where is the approval of Ethical committee of 

medical research. 

Plasma DNA Preparation 

Samples were separated by centrifugation at 4°C for 10 min 

at 2000×g. until use, plasma samples store at -20 ° C. 

Extraction of Circulating Tumor DNA 

DNA extraction was done with a Viral Nucleic Acid 

Extraction Kit II (Geneaid , Canada). Total nucleic acids with the 

high pure Viral Nucleic Acid Kit (Geneaid). Circulating tumor 

DNA were were extracted from 1ml plasma according to 

guidance from the manufacturer. 

Estimation of DNA Concentration 

DNA concentration of samples was measured using Nano 

drop spectrometer, by putting 1 µl of the extracted DNA in the 

instrument to detect concentration and purity by reading the 

ratio of absorbance at wavelength 260\280 nm. 

Quantitative PCR of β-actin Gene 

Quantitative PCR (qPCR) was used to process DNA samples, 

using SYBR green mastermix. Using two different primary sets 

for the beta-actin gene, qPCR amplifies the short (100bp) and 

long (400bp) segments. The sequence of primers, β-actin (100) 

β-actin (400) forward: 5-GCA CCA CAC CTT CTA CAA TGA-3 and 

β-actin(100) reverse|: 5-GTC ATC TTC TCG CGG TTG GC-3, β-

actin (400) reverse: 5-TGT CAC GCA CGA TTT CCC-3. The qPCR 

reaction mixture included 5 µl template, 0.25 µl uracile DNA 

glycosylase. 2 µl of each primer (forward and reverse), 6.75 µl 

H2O PCR and 4 µl SYBR Green Mastermix. It results in 20 µl of 

the amount of reaction. The conditions of RT-PCR reactions 

were pre-denaturation 95 C, 3-5 min for 1 cycle, denaturation 

95 C, 5-30 sec for 45 cycle, Annealing/Extension/ Detection 55-

60 C, 5-30 sec for 45 cycle, Melting for 1 cycle. To calculate DNA 

integrity index by this investigation as the proportion of long 

DNA fragments (400 bp) to short DNA fragments (100 bp) for 

every sample. 

Statistical Analysis 

A 0ne way analysis of variance ANOVA (Tukey Test) was 

performed to test whether group variance was significant or 

not, statistical significance was defined as * p ≤ 0.05 or ** p ≤ 

0.01. Data were expressed as mean ± standard deviation and 

statistical significances were carried out using Graph pad prism 

version. 

RESULTS 

DNA concentration for both patients and control measured 

by nano drop spectroscopy. The result of control samples were 

had low concentrations with mean of 20.13 ng/ul, while 

patients had much higher DNA concentrations in comparison 

with that of control Figure 1. DNA concentrations extracted 

from patients have 42.87 ng/ul as mean. Results shown in 

Table 1. 

To calculate DNA integrity index by this investigation as the 

ratio of long DNA fragments (400 bp) to short DNA fragments 

(100 bp) for every sample. the result was found to be higher in 

BC patients at p value 0.01 and this results was statistical 

significant when compared with healthy controls group, also 

showed statistical significant in colon cancer patients at p 

value 0.5. Other type of cancer included in this study (ovarian 

cancer, stomach cancer) showed no significant differences in 

this investigation as shown in Figure 2. 

The mean ± SD of DNA integrity index for breast cancer 

women and control and other type of cancer were shown in 

(Table 2) which were (3.513 ± 1.471), (5.759 ± 0.9938) 

respectively, while in other cancers in this study which include 

colon cancer, ovarian cancer and stomach cancer were (3.914 

± 0.5507), (7.156 ± 0.9259), (5.640 ± 1.100) respectively. The 

results showed that the DNA integrity index was highly 

significant (P≤0.01) in breast cancer and colon cancer patients 

 

Figure 1. DNA concentration for patient and control 

Table 1. DNA concentration of patients and controls 

Sig. P value Std. Deviation Mean NO.Sample  

 

** 

 

0.0001 

5.825 42.87 55 Patients 

10.20 20.13 20 Control 

** = p ≤ 0.01, Sig= Significant  
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compared with healthy control, while there is Non-significant 

in ovarian cancer and stomach cancer. 

DISCUSSION 

 Liquid biopsies, unlike present surgical biopsies, are really 

an attractive and more realistic routine cancer alternative 

surveillance with ctDNA easily available in cancer patient’s 

plasma, numerous attempts have been made to exploit their 

clinical usefulness (13). According to the assumption of tumor 

cells are messier than most normal cell deaths, scientists 

would expect a greater percentage of fragmented DNA to be 

found in the cancer group. As the disease advances, an 

enhanced DNA Integrity Index would be expected to represent 

the enhanced tumor burden and removing broken DNA, 

possibly offering a means of not only identifying and 

diagnosing patients with cancer, but also differentiating on the 

basis of disease staging and progression (14). 

The circulating DNA concentrations of tumors were 

observed to be higher in patients with cancer than in those with 

benign diseases and higher in patients with metastatic disease. 

But, due to technological limitations, at that time, the authors 

were unable to determine the cellular origin of the tumor DNA. 

The results of this study agreed with another study (15). 

The nucleic acid in the blood can be seen as a positive test 

of carcinoma. ctDNA in patients with cancer may be caused by 

cancer cells detached from the mass of the tumor and necrosis 

or apoptosis (16). The concentration of DNA in cancer patients 

ranged from zero to microgram amount with an average of 180 

± 38 ng / ml ; 50% of the patient’s values ranged from 0 to 50 ng 

/ ml and the other 50% ranged from 50 to 5000 ng / ml (17). It is 

now evident that the concentration of DNA in cancer patients 

is much higher than the concentration of DNA in normal cells 

with high statistical confidence. However, this DNA must be 

further studied in order to link this DNA to cancer cells, which 

is why specific DNA integrity index have been studied in this 

study. 

Traditionally, β-actin (ACTB) was considered one of 

endogenous housekeeping gene and was commonly used to 

measure tumor expression concentrations as a reference 

gene/protein. ACTB is strongly correlated with a multitude of 

cancers, however, and cumulating proof shows that ACTB is de-

regulated in melanoma, liver, kidney, gastric, colorectal, 

esophageal, lymphoma, prostate, pancreatic, lung, ovarian, 

breast, and leukemia. In most tumor cells and tissues, ACTB is 

usually discovered to be up-regulated. The aberrant 

polymerization and expression of ACTB and the resulting 

modifications to the cytoskeleton was shown to be consistent 

with metastasis and invasive cancer (18). 

Our results showed that there was a higher statistical 

significant for DNA integrity index in breast cancer patient 

compared to control group. No previous study was found in 

this regard but there are similar studies on other types of 

cancers. Also the result showed there is statistical significant in 

the patient with colon cancer but there is no significant in 

ovarian cancer and stomach cancer. 

The study of Sun et al. (21) to estimate the role of plasma 

CtDNA in estimating the response of preoperative 

chemotherapy in rectal cancer patients, two fragment of beta-

actin gene were used (400/100-bp), result of this study cleared 

that the concentration of 400-base pair (bp) DNA, the DNA 

proportion of 400-/100-bp significantly decreased in the group 

with good response after chemo-radiotherapy. In cancer 

patients, levels of both 100-bp (p<0.01) and 400-bp (p<0.01) 

segment DNA were significantly higher than in healthy 

controls. The ratio of concentrations of 400-/100-bp DNA 

showing integrity of circulating plasma DNA was significantly 

higher in cancer patients than in healthy controls (p<0.05). 

Therefore, circulating DNA detection in rectal cancer patients 

may be helpful in assessing the impact preoperative chemo-

radiotherapy (19). 

Previous studies showed different sizes of tumor DNA from 

cancers, while non-tumor apoptotic cells were equally 

truncated into pieces and shorter than 200 bp. Fragments of 

cell-free DNA from necrosis of cancer are varying in size and 

usually more than 200 bp. Furthermore, the ratio of longer 

fragments to smaller fragments, known as the integrity index, 

was more accurate in the reflection of tumor status (20). 

CONCLUSION 

The main conclusion of this work is the DNA integrity index 

of β-actin can be serve as early diagnostic tools of breast cancer 

and may be other type of cancer also the concentration of DNA 

in plasma differ in cancer patients in compared with control 

group. 

Table 2. DNA integrity index value 𝛽-actin gene 

 Control Breast cancer Colon cancer Ovarian cancer Stomach cancer 

Mean 5.759 3.513 3.914 7.156 5.640 

SD 0.9938 1.471 0.5507 0.9259 1.100 

SE 0.2222 0.2327 0.2463 0.4141 0.4920 

Sig NS ** * NS NS 

P value  < 0.0001 0.0173 0.0993 0.9990 

NS= Non-significant, ** p ≤ 0.01, * p ≤ 0.05, Sig= significant, SD=Standard Deviation, SE= Standard Error 

 

Figure 2. DNA integrity index by 𝛽-actin investigation 
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