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Male breast tumors and oxidative DNA damage  
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Abstract 

Male breast cancer is a rare compared to its female counterpart and makes less than 1% of all 

breast cancer. Risk factors for breast cancer in men, including genetic, hormonal and 

environmental factors, provide parallels to the etiology of breast cancer in women. To evaluate 

whether deficient DNA repair contributes to elevated DNA damage and breast carcinogenesis, 

this study used comet assay (single-cell alkaline gel electrophoresis) to measure the levels of 

DNA damage in peripheral leukocytes and tissue from 20 breast tumor cases and 20 controls 

(only peripheral leukocytes). The results showed that cancer cases had significant higher DNA 

damage compared with controls and benign cases, the comet tail moments (mean ±SD) for 

cases (benign and cancer) and controls were: 5.64±0.88, 7.93±0.82 and 3.18±0.74 respectively. 

For tissue the cancer cases showed higher DNA damage compared with begin breast tumors 

(15.33±0.92 and 11.24± 1.57). Smoking status was causes to increase DNA damage in the 

Leukocyte of the patients with benign breast tumors and breast cancer when compared to 

nonsmoking cases the (mean ±SD) for benign (5.17±0.71 versus 6.47±0.41) while for 

malignant tumors were (7.25±0.62 versus 8.0±0.39). As body mass index (BMI) increase will 

causes increases in DNA damage for benign and malignant breast tumor. In conclusion our 

results support the hypothesis that increased breast cancer risk is associated with higher DNA 

damage and evaluation of DNA damage response may contribute to early detection and 

prevention of breast cancer. 
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Introduction 

Male breast cancer is rare compared to its 

female counterpart and makes less than 1% 

of all breast cancer. Its etiology is less 

known than that of female breast cancer. 

Numerous experimental and clinical studies 

indicate the possibility of an increased risk 

of male breast cancer in workers 

occupationally exposed to electromagnetic 

field, light at night, and high temperature. 

There are also studies, which reveal the 

increased risk of this disease induced by 

occupational exposure to pesticides, 

aromatic hydrocarbons and ionizing 

radiation [1]. In addition, bilateral breast 

cancer accounts for only 1.5–2% of MBC, 

and a simultaneous cancer is extremely rare 

[2-5]. The consensus is that MBC is caused 

mailto:estabraqalwasiti@yahoo.com


 

 

Al-Wasiti E/Journal of Cellular Cancer 2016; 8(1):1-11 

2 

by an imbalance between estrogen and 

testosterone [6, 7].  

Cancer as a disease is intimately 

associated with DNA damage at multiple 

levels [4, 5]. Elevated DNA damage levels 

or unrepaired DNA damage and suboptimal 

DNA repair may cause mutations or 

chromosomal aberrations that contribute to 

malignant transformation and cancer risk. 

At the cellular and molecular levels, genes 

whose products participate in complex 

responses to DNA damage are commonly 

deregulated or inactivated in tumors [4, 5]. 

Such defects in DNA damage recognition, 

signaling and/or downstream responses, 

including cell-cycle checkpoints, DNA 

repair or cell death, allow the genetically 

unstable cancer cells to survive, proliferate 

and acquire even more genetic instability  (4-

[8-9]. 

Various biomarkers have been used to 

determine cellular DNA damage. The 

single-cell gel electrophoresis, or the Comet 

assay, is a valuable Method for the 

assessment of DNA strands breakage in a 

single cell. It is based on the alkaline lysis of 

labile DNA at sites of damage. The assay is 

relatively easy to perform and well-suited 

for population-based studies [10-14]. 

While much is known in female breast 

cancer very little has been written about 

male breast cancer. For this reason; the aim 

of this study was to investigate the DNA 

damage in peripheral blood leukocyte and 

tissue from patients with benign and 

malignant breast tumors in comparison to 

healthy controls by using the comet assay. 

Materials and Methods  

Study population 

The study included 40 males; of these, 20 

were newly diagnosed untreated breast 

tumors with an age range of 24-65year. 

They were admitted to the Department of 

surgery Al-Khadymia Teaching Hospital 

during the period of December, 2004 to 

December, 2006. Moreover, 20 healthy 

controls (age range 24-65 year) with no 

family history of any type of cancer were 

involved in the study. 

All patients and healthy donors were 

asked to complete a questionnaire on their 

medical histories and lifestyles, including 

genetic disease, medication, alcohol 

consumption, smoking, etc.  

Blood sampling and isolation of cells 

Two ml of venous blood samples from each 

subject were drawn into heparinized tubes 

and were protected from light. All samples 

were collected in early morning before the 

operation. Leukocyte from 2 ml heparinized 

whole blood is isolated [15], and pellets 

finally were washed and suspended gently 

on HBSS. Cells viability was greater than 

98% as determined by 0.1% trypan blue 

exclusion. Cells numbers in the final 

suspension were counted using haemocyt-

ometer and adjusted to the concentration of 

104 -106 cells/mL 

Isolation of cells from breast tissue  

A piece of tissue (~3X3cm) taken from the 

site of the tumor was postoperatively 

transferred in a plain tube which contain 

cold phosphate buffer saline (PBS) which is 

used immediately for the comet assay. 

The tissue put in 1-2mL of ice cold mincing 

solution containing 20mM EDTA and 10% 

DMSO. Using small dissecting scissors the 

tissue mince into very small pieces and let it 

to stand for 5 minutes, filter through four 

layers of nylon gauze to eliminate fibers, 

connective tissue, and debris. The filtrate 

was centrifuged at 4000rpm for 30 minutes 

at 4ºC in order to precipitate the remaining 

intact cells, and then suspend cells gently on 
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mincing solution. Cell viability was greater 

than 98% as determined by 0.1% trypan blue 

exclusion. Cell numbers in the final 

suspension was counted and adjusted to the 

final concentration of 106 cell/mL. 

Comet assay 

Comet assay was modified from the method 

of [16]. Briefly first, the slide dip in hot 1% 

HMPA (High -melting point agarose). 5-

10µL of cell suspension concentration 

(~10.000cells) was mixed with 75µLof 

LMPA of 0.5% LMA (Low melting point 

agarose), and the mixture was applied to the 

second layer of the slide. After a third layer 

of 1% NMA (150 ul) was applied, the slides 

were immersed in cold lysing solution (2.5 

M NaCl, 100 mM Na2EDTA, 10 mM Tris, 

1% N-sodium lauroyl sarcosinate) for 1 h at 

4°C. The slides were then placed in an 

electrophoresis tank, allowing the DNA to 

unwind for 15 min in the alkaline solution 

(300 mM NaOH and 1 mM Na2EDTA). 

Electrophoresis was then performed at 300 

mA for 20 min in the same alkaline solution 

at room temperature. The slides were then 

neutralized by adding 0.4 M Tris–HCl 

buffer (pH 7.5) and stained with ethidium 

bromide. TriTek comet score program was 

used (comet assay forum). The results were 

expressed as the mean comet tail moment of 

50 cells. The comet tail moment is defined 

as the product of the percentage of cellular 

DNA in the comet tail and the length of 

DNA tail migration. The higher the comet 

tail moment value, the greater the amount of 

cellular DNA strand breaks. The tail 

moment is considered to be one of the best 

indices of comet formation obtained in 

computerized analysis [17] Figure I. 

 

Statistical analysis      

The data of the research were stored in 

Microsoft Excel Spread sheet and analyzed 

on the computer using the Statistical version 

6 and Microsoft Excel programs. The results 

were expressed as mean ±standard deviation 

of the mean (SD). Student t-test was applied 

to compare the results of patient and control 

groups. Differences were considered 

statistically significant if the p value is lower 

than 0.05. 

Results 

The characteristics of patients (benign and 

malignant breast tumor) and controls groups 

in relation to the present age, their smoking 

status body mass index (BMI) and site of the 

tumor are summarized in Table1. The mean 

age of control was 42 years (range: 24-65), 

while the mean age for men with benign 

breast tumor 50 years (range: 24-63), and for 

men with breast cancer 55years (range: 49-

65) respectively.  

All control men nonsmoking while 

36.4% and 55.6%of patients with benign 

and malignant breast tumors smoking 1-10 

cigarettes daily. On the other hand, BMI did 

not significantly difference between cases 

and control. The tumor was localized in the 

right side in 54.5% and 33.3% of patients 

with benign and malignant breast tumors 

correspondingly, while in the left side in 

45.5% and 66 % of patients with benign and 

malignant breast tumors in that order. In 

general, the susceptibility to cancer is 

characterized by high DNA damage, which 

is the result of low repair capacity. A total of 

3000 cells were analyzed for DNA damage 

using the alkaline comet assay in breast 

tumor patients (blood and tissue cells) and 

control (blood cells only).  

Table 2 shows the (mean ±SD) comet 

tail moment (TM) value in the blood of the 

control group was 3.18±0.74, while the 

mean value of comet tail moment in those 

with breast tumor 6.67±1.43. Furthermore, 
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in benign and malignant tumors the means 

of the comet tail moment were 5.64±0.88, 

7.93±0.82, respectively Figure 2.  

Statistical analyses using student t-test 

showed a highly significant elevation in the 

mean comet tail moment level in the total 

breast tumor group compared to control 

group (P<0.0001). Also t-test showed 

significant increase in comet tail moment 

(P<0.0001) in benign and malignant as 

compared to those of the control group. 

Between groups t-test revealed statistically 

significant elevation (P<0.0001) of mean 

comet tail moment in malignant breast 

tumor as compared to benign breast tumor. 

For tissue cells the results are given in figure 

III shows there is a significant difference 

was observed in TM means between benign 

and malignant Brest tumor (11.24±1.57 

versus 15.33±0.92: P<0.0001). 
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Figure I. 

Photographs of single cell gel electrophoresis (SCG) stained with ethidium bromide: A intact cells. B, and C, 

showing variable degree of nuclear DNA damage as revealed by changes in DNA migration comet produced by 

an extensive DNA damage of malignant breast cancer.  
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Figure 2. 

 The means of the DNA lesions in tissues of the benign and malignant breast tumors. 

 

Discussion 

Incidence of MBC increased 

significantly in the last two decades [18-20]. 

With an average manifestation age of about 

66–71 years mostly older men suffer from 

this neoplasia [19, 20, and 21]. The 

incidence increases fatally with age [19]. 

The mean age of our study cases was (50 and 

55 years) for benign and malignant breast 

0

5

10

15

20

Benign Malignant

ti
ss

u
e 

co
m

et
 t

ai
l 

m
o

m
en

t

Benign

Malignant



 

 

Al-Wasiti E/Journal of Cellular Cancer 2016; 8(1):1-11 

7 

respectively, in another study performed by 

Yoney et al., the mean age was reported as 

58 years [22]. The mean age in our patients 

is lower than other countries. 

In this case-control study of breast 

tumors, we used the comet assay to measure 

DNA damage and analyzed the risk for 

breast tumors, present study show that the 

cases and controls had already displayed 

significantly different levels of DNA 

damages. This difference could reflect 

different levels of DNA repair capacities in 

response to environmental and endogenous 

carcinogens between cases and controls. 

Our data were analyzed by smoking status to 

ensure that smoking was related to DNA 

damage observed in the Leukocyte of the 

patients with benign breast tumors and 

breast cancer. Since there was a significant 

differences observed when smoking and 

non-smoking patients were compared and 

this agreement with Bonasis et.al., and 

According to Faust et al., only nine human 

biomonitoring studies with the alkaline 

comet assay have found a significant 

relationship between DNA damage and 

smoking habits. However, the number of 

smoking patients with benign breast disease 

(n=4) and breast cancer (n=5) is not 

adequate to give a correct decision on 

smoking induced DNA damage. 

Our current results showed a marginally 

significant interaction between BMI and 

DNA damage suggesting that DNA damage 

may serve a breast cancer risk marker in 

subjects with high BMI. Intriguingly, a 

similar interaction was observed in a 

previous study of breast cancer [25, 26] also 

for prostate cancer [27]. This finding is 

compatible with smith et al. in 2003 (28) 

who suggested that a high BMI might be 

associated with elevated levels of lipophilic 

aromatic compounds, such as polychlor-

inated biphenyls, aromatic and heterocyclic 

amines, and polycyclic aromatic hydro-

carbons, stored in breast adipose tissue, 

leading to a continuous exposure to DNA-

damaging agents. Deficient DNA repair 

may contribute to the accumulation of 

unrepaired damage in both lymphocytes and 

target tissue cells. This concept is supported 

by the evidence that higher levels of 

oxidative adducts were detected in breast 

cancer cases than in controls [28].  

Our findings are supported by a larger 

study showing an increased breast cancer 

risk with the intake of well-done red meat (a 

potential carcinogen source) that was more 

pronounced in women with a high BMI [26]. 

When determining cancer susceptibility, 

it would be ideal to evaluate DNA damage 

and sensitivity in the target tissue, such as 

mammary epithelial cells, peripheral 

leukocytes were used in our study since it is 

easy and rapid to work [25]. In the present 

study the DNA damage in peripheral 

leukocytes of the patients with benign and 

cancer breast tumors were compared with 

healthy control subject’s assay. It was found 

that the DNA damage (expressed as comet 

tail moment) increase in benign subtypes 

and malignant subtypes compared to 

control. This finding agrees with other 

studies which detected higher levels of DNA 

damage in breast cancer cases may be 

related to a combination of exposure to ROS 

and genetic deficiencies in DNA repair (Hu 

[29, 25, 30, 31].  

Our findings support the hypothesis that 

DNA damage may serve as a breast cancer 

risk biomarker. The comet assay used in this 

study is sensitive to detect significant 

differences in single strand breaks in benign 

breast tumors and carcinomas. Although 

there is considerable evidence that 

individual variation in the detection, 

signaling, toleration, and repair of DNA 

damage contributes to human cancer risk. 
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Numbers of studies have reported increased 

breast, thyroid and bladder cancer risks 

associated with higher DNA damage 

measured by the comet assay [32, 33, 16, 

25]. 

Deficient DNA repair may contribute to 

the accumulation of unrepaired damage in 

both lymphocytes and target tissue. This 

concept is supported by the evidence that 

higher levels of oxidative adducts were 

detected in breast cancer cases than in 

controls [39, 28, 34].   

In this research, benign breast tumor 

tissue was found to have less oxidative DNA 

damage than malignant tissues (expressed 

by comet tail moment) and this may retard 

the DNA repair process in malignant tissue. 

A number of epidemiological studies, 

primarily of lung and skin cancer have 

suggested that deficiency in DNA repair 

capacity contribute to accumulation of DNA 

damage and thus accelerate the gene 

rearrangements, deletions, insertions, and 

amplifications involved in human 

carcinogenesis [40, 41]. 

Paul et al., in 2002 reported that 

accumulation of unrepaired DNA might 

contribute to a variety of disorder associated 

with aging processes, Alic et al., found that 

the risk of breast and thyroid cancer also 

increase with the increase in the comet tail 

length and comet tail moment or only comet 

tail moment, respectively. 

DNA repair capacity is essential for cell 

survival and the maintenance of cell cycle 

control. Inter-individual variation in DNA 

repair capacity has been observed in several 

in vitro lymphocyte assays [20, 23]. In 

addition to all these several studies have 

proven that the difference between DNA 

damage and repair capacity leads to genetic 

differences inducing susceptibility to 

carcinogenesis has been shown in many 

studies. Popanda et al., reported that 

deficiency in DNA repair is a risk factor for 

the development of breast cancer; Wu et al., 

reported that the DNA repair capacity of 

lung cancer patients was significantly lower 

than that of controls; Udumudi et al., and 

other researchers [24, 47, 48] found that low 

DNA repair capacity is a susceptibility 

factor for cervical carcinoma. Recent studies 

have shown the DNA damage acts as an 

anticancer barrier. DNA damage response 

may serve as an inducible barrier to 

constrain tumor development in its early, 

pre-malignant stages and create 

environment that, over time, selects for 

mutations in checkpoint genes. DNA 

damage response may rescue defective cell 

growth, avoid senescence and limit cell 

death at the expense of genomic instability 

and tumor progression [19, 25-37, 49]. 

Thus, activation of the DNA damage check 

Assessment of DNA damage in peripheral 

blood lymphocytes Patients with Benign and 

Malignant Thyroid Disorders point occurs 

specifically in pre-neoplastic and neoplastic 

lesions. Some benign proliferative lesions, 

both with and without atypia, seem to 

contain precursor mutations that might 

affect neoplastic potential [28, 50]. This 

concept has been formulated, based on the 

results obtained from analyses of human 

solid tumors derived from somatic cells, 

including the various stages of lung, urinary 

bladder, colorectal, breast cancer and 

melanomas, as well as some mouse tumor 

models and cultured human somatic cells 

[19, 26, 27, 34, 49].  

In conclusion; our results support the 

hypothesis that increased breast cancer risk 

is associated with higher DNA damage and 

evaluation of DNA damage response may 

contribute to early detection and prevention 

of breast cancer but due to enhanced 

proliferative index in certain benign 
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disorders, use of DNA damage only may not 

be sufficient to show risk of progression to 

cancer. Studies with larger population and 

also in other cells apart from lymphocytes 

are necessary. On the other hand; our results 

also show that comet assay seems to be 

reliable, rapid, and sensitive method for 

detecting DNA damage in individual cells 

and fulfils the requirements of a biological 

marker to detect/ breast cancer risk. 
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