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Aims Breast cancer is the most common type of cancer among women worldwide, that 
Because of their lengthy life expectancy, these individuals are at increased risk of having 
second primary malignancies in their lifetime. The aim of this study was to compare the 
concentrations of trace elements in women with breast cancer and lung cancer and healthy 
women.
Instruments & Methods In this descriptive study, women with breast cancer (n=44), lung 
cancer (n=44) and healthy individuals (n=80) were sampled in Najaf city, Iraq. Blood samples 
were taken from the subjects, then copper, zinc and nickel levels were assessed.
Findings Serum Cu levels in women with lung cancer and healthy women were significantly 
lower than women with breast cancer (p<0.05). Furthermore, serum Cu levels in women 
with lung cancer were significantly lower than healthy women (p<0.05). Healthy women had 
the highest levels of zinc and nickel compared to the groups of women with breast cancer 
and lung cancer (p<0.01). Moreover, serum zinc and nickel levels were significantly higher in 
women with lung cancer compared to women with breast cancer (p<0.05).
Conclusion Serum concentrations of trace elements increase in some groups and decrease 
in others, and there is a link between some elements that can be used as a means of early 
detection.
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Introduction 
Exposure to heavy metals is a major threat to 
human health and the biological system. These 
minerals have been extensively studied and their 
effects on human health have been regularly 
analyzed by the international bodies [1].  
The occurrence of two or more primary tumors with 
different sources in a patient is known as multiple 
primary malignant tumors (MPMT). At the time of 
diagnosis, this unusual disease is classified as 
synchronous or accelerated [2]. The prevalence of 
MPMT in cancer patients has been observed 
between 0.73 to 11.7% [3]. 
Breast cancer (BC) is the most common type of 
cancer among women worldwide, affecting more 
than one in ten new cases each year. It is the second 
leading cause of cancer mortality in women after 
lung cancer [4]. Over the past three decades, 
remarkable progress has been made in early 
detection and treatment and in improving the 
survival benefit among patients [5]. Because of their 
lengthy life expectancy, these individuals are at 
increased risk of having second primary 
malignancies in their lifetime [6]. 10 years after the 
diagnosis of BC, approximately 10% of the survivors 
have developed subsequent metastases, and lung 
cancer is one of the largest numbers [7]. According to 
a population research conducted in Taiwan, this 
country already has the second primary 
malignancies, which has a detrimental influence on 
the survival of breast cancer patients in the country 
[8]. Lung cancer is the most prevalent cause of 
mortality, so the diagnosing the risks of developing 
BC patients is in the second place. Lung cancer is 
more common in women who are diagnosed before 
the age of 50. In addition, radiation therapy for BC 
patients who have had a mastectomy can 
significantly raise their chances of developing a 
second primary lung cancer. In a study of survivors 
of British Columbia with second lung cancer, there 
were 35 patients and in another study, there were 
26 other patients [9]. Only one large demographic 
study compared the outcomes of BC-NSCLC (Non-
Small-Cell Lung Carcinoma) patients with those with 
primary NSCLC [7]. 
Overall survival does not appear to be affected by 
BC history. Furthermore, no follow-up investigation 
was conducted on the second main SCLC (Small Cell 
Lung Cancer) following BC. Identification the risk 
factors of developing second lung cancer for BC 
patients and which factors impact their outcomes 
are important for identifying those who would 
benefit from enhanced screening and optimizing 
treatment [7]. 
Wang et al. conducted a population-based study 
using data from the Surveillance Epidemiology, and 
End Results (SEER) Program to evaluate the 
characteristics, risk and survival of second primary 
lung cancer after BC. They concluded that BC 

patients, especially for TNBC (Triple Negative Breast 
Cancer), are at a high risk of developing second 
primary lung cancers. BC history may be a favorable 
prognostic factor for NSCLC (but not SCLC) patients. 
Clinicians should closely follow up BC patients with 
high-risk factors [7]. 
According to one study, the findings suggest that the 
molecular subtype and the most common locations 
may have a substantial effect on the incidence and 
prediction of breast cancer and lung metastases. The 
study also discovered a number of prognostic 
markers that may help physicians choose the best 
treatment for people with lung metastases [10]. 
Studies on cadmium, lead, silver and other trace 
elements in women with breast cancer were also 
performed and the concentrations of radon and 
uranium in the blood of these patients were 
calculated [11-13]. Another research looked at cases of 
breast cancer diagnosed between January 1, 2010 
and December 31, 2015. The researchers then 
created a cohort of 21,435 individuals with stage IV 
breast cancer. Lung metastases were found in 6,516 
of these individuals [14]. 
Patients with metastatic breast cancer who have 
diverse molecular subtypes have a range of clinical 
characteristics, as well as prognosis and therapeutic 
options. Lung metastases make up a significant 
portion of people with metastatic breast cancer. The 
effect of different tumor subtypes on the survival of 
individuals with lung metastases is uncertain [15]. 
Given the seriousness and association of lung cancer 
with breast cancer, we want to study some related 
elements for both types to see if they can be 
controlled to reduce injury or find a mechanism for 
early detection. 
 

Copper (Cu) homeostasis is normally well 
maintained in live organisms with good regulatory 
systems, and Cu toxicity due to disrupted 
homeostasis plays a major role in a variety of 
symptoms and disease situations. Copper deficiency 
is associated with the inability to synthesize the 
critical antioxidant enzyme Superoxide Dismutase 
(SOD), which contains copper and zinc and is an 
important risk factor for breast cancer. Because this 
enzyme is so important in defense, lowering these 
trace elements reduces the effectiveness of the 
antioxidant system, resulting in the formation of free 
radicals, which include H+, H2O2, and OH-. These 
reactive oxygen species (ROS) can damage cellular 
contents, including DNA, as well as react with almost 
organic molecules such as lipids and proteins, 
potentially increasing the risk of tumor development 
[16]. Its role in human health and disease as an agent 
or mediator of anti-inflammatory and antioxidant 
stress. Studies have shown that zinc is an essential 
co-factor in the production of antioxidants and anti-
inflammatory mediators in humans [17-19]. The anti-
cancer action of zinc is frequently attributed to its 
antioxidant properties, which proves the link 
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between breast and lung cancer [20]. 
Numerous nickel compounds and salts have been 
demonstrated to cause cancer. The occurrence of 
cancer appears to be inversely related to the 
solubility of these chemicals in aqueous media, and 
the least soluble compounds are the most 
carcinogenic. Nickel carbonyl [Ni (CO) 4] is 
associated with lung and nasal sinus cancer in 
industrial workers, and is also a potential 
carcinogen in cigarette smoke [21]. Dialysis patients 
are exposed to nickel and accumulate it in their 
blood and other organs; this exposure appears to 
have no negative health effects. Routine monitoring 
of dialysis patients is not recommended when the 
toxic values of nickel are more than 10 ng / ml or 
equivalent [22-25]. 
The aim of this study was to compare the 
concentrations of trace elements in women with 
breast cancer and lung cancer and healthy women. 
 

Instruments and Methods 
In this descriptive study, from the beginning of 2017 
to the end of 2019, women with breast cancer 
(n=44), patients with lung cancer (n=44) and 
healthy individuals (n=80) were sampled from the 
southern and central provinces of Mosul and 
Baghdad who referred to the Middle Euphrates 
Cancer Center and the medical clinics of some 
physicians in Najaf city, Iraq. These subjects were 
selected by random sampling method. Many patients 
with lung cancer have previously been diagnosed 
with breast cancer with an average age of 30 to 75 
years. 
Blood samples were taken from the subjects and 
then centrifuged at 1500 rpm for a maximum of 5 
minutes to collect serum and then stored in covered 
test tubes at room temperature (22±2°C) for 45 
minutes until clot formation. 
One milliliter of serum was wet digested in a 10 mL 
(1:1) HNO3/HClO4 acid mixture in a covered glass 
beaker. Digest was diluted in a 25 ml flask pre-
cleaned with twofold deionization water to the 
required concentration. The sample was then kept 
for further study. Samples and blank solution were 
treated and prepared in accordance with a common 
protocol. The ratio of acid mixture for each sample 
and blank varied depending on the amount of serum 
collected from the patients. 
To assess the levels of copper, zinc and nickel, a 
Flame Atomic Absorption Spectrophotometer 
(FAAS; Shimadzu model AA-670) was utilized with 
wavelengths of 324.8, 213.9, and 232.0 nm, and 
widths of 0.7, 0.1, and 0.2 nm, respectively, with the 
flame type being Air C2H2. 
The system was calibrated independently for each of 
the four impact elements analyzed, and each 
element was evaluated in sick and healthy samples. 
Data were analyzed by SPSS 20 software using one-
way Analysis of Variance (ANOVA), Tukey’s post 
hock test, and Pearson's correlation test. 

Findings 
The mean age of women with breast cancer (n=44), 
women with lung cancer (n=44), and healthy 
women (n=80) were 48.7±13.8, 49.4±15.2, and 
51.2±9.12 years, respectively.  
Significant differences were observed in the mean 
concentrations of trace elements including Cu, Zn, 
and Ni among the study groups (Table 1).  
 
Table 1) Comparison of the mean concentrations of trace 
elements between the studied groups (P<0.01) 
Elements 
 (ppm) 

Healthy  Breast cancer Lung cancer 

Cu  0.193±0.137 0.294±0.268 0.0488±0.036 
Zn  1.565±0.738 0.176±0.081 1.313±0.343 
Ni  0.256±0.233 0.093±0.019 0.103±0.023 
Zn/Cu 14.881±13.181 1.229±1.153 35.732±26.588 
 
In the breast cancer group, the correlation between 
Cu and Zn (r=-0.409, p=0.007), as well as between 
Cu and Zn/Cu ratio (r=-0.614, p=0.0001) was 
inversely significant. The inverse correlation 
between Zn and Ni (r=-0.472, p=0.002) and the 
direct correlation between Zn and Zn/Cu ratio 
(r=0.587, p=0.0001) were significant. In the healthy 
group, the correlation between Cu and Zn (r=-0.327, 
p=0.001), as well as between Zn and Ni (r=-0.550, 
p=0.0001) was inversely significant, while the 
correlation between Cu and Ni (r=0.575, p=0.0001) 
was direct and significant. Finally, in the lung cancer 
group, the correlation between Cu and Zn/Cu ratio 
was invers (r=-0.550, p=0.0001) and between Zn 
and Zn/Cu ratio (r=0.575, p=0.0001) was direct 
(Table 2). 
 
Table 2) Pearson correlation matrix of mean trace element 
concentrations between study groups 
Trace elements Cu Zn Ni 
Women with breast cancer 
Cu 1 - - 
Zn -0.409* 1 - 
Ni 0.109 -0.472* 1 
Zn/Cu -0.614* 0.587* -0.111 
Healthy women 
Cu 1 - - 
Zn -0.327* 1 - 
Ni 0.575* -0.550* 1 
Zn/Cu 0.032 -0.182 0.179 
Women with lung cancer 
Cu 1 - - 
Zn 0.145 1 - 
Ni 0.122 0.170 1 
Zn/Cu -0.466* 0.346* -0.281 
*p<0.05 

 
Discussion 
The aim of this study was to compare the 
concentrations of trace elements in women with 
breast cancer and lung cancer and healthy women. 
Serum Cu levels in women with lung cancer and 
healthy women were significantly lower than 
women with breast cancer. Furthermore, serum Cu 
levels in women with lung cancer were significantly 
lower than healthy women. 
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Copper is a trace metal that helps preserve DNA 
integrity by preventing oxidative DNA [26], damage, 
and gene alterations. Cu toxicity has recently been 
linked to changes in lipid metabolism, gene 
expression, alpha-syncline aggregation, activation of 
Acidic sphingomyelinase and ceramide production, 
temporal and geographic distribution of Cu in 
hepatocytes, and Cu-protein interaction in the 
nervous system [27].  
Healthy women had the highest levels of zinc and 
nickel compared to the groups of women with breast 
cancer and lung cancer (p<0.01). Moreover, serum 
zinc and nickel levels were significantly higher in 
women with lung cancer compared to women with 
breast cancer (p<0.05). 
Decreased zinc content in cell membranes highlights 
some of the problems associated with zinc 
deficiency and loss of zinc from membranes leads to 
increased vulnerability to oxidative damage, 
structural stresses and other problems [18]. 
In a study by Abu-Seif and Yousef, plasma Cu levels 
increased in diabetic patients, but Zn, Mg and Ca 
levels decreased significantly compared to controls 
[28]. 
Gagandeep et al.'s research showed an imbalance in 
levels of serum copper, magnesium and zinc in 
patients with type 2 diabetes mellitus. Fasting sugar, 
lipids, glycated hemoglobin and copper were 
significantly elevated in diabetic patients as 
compared to healthy controls (p<0.05) whereas 
serum magnesium and zinc decreased significantly 
in diabetic patients (p<0.05). Glycated hemoglobin 
correlated positively with copper and negatively 
with magnesium and zinc. The correlations were 
statistically significant (p<0.05) [29]. 
Durak et al. in their study investigated the trace 
element contents in the blood serum of type II 
diabetic patients with and without complication as 
compared to non-diabetic healthy controls. Mean Ca, 
Cu and Se concentrations in both diabetic patients 
with and without complication were significantly 
lower than those in healthy controls [30]. 
In a previous study, it was shown that increasing the 
level of nickel concentration impairs lung function 
[25]. Templeton et al. in their study evaluated the 
tentative reference values for nickel concentrations 
in human serum according to the TRACY protocol 
and the mean values for serum Ni concentration 
were <0.3 μg/l [31]. 
In the breast cancer group, the correlation between 
Cu and Zn (r=-0.409, p=0.007), as well as between 
Cu and Zn/Cu ratio (r=-0.614, p=0.0001) was 
inversely significant. The inverse correlation 
between Zn and Ni (r=-0.472, p=0.002) and the 
direct correlation between Zn and Zn/Cu ratio 
(r=0.587, p=0.0001) were significant. In the healthy 
group, the correlation between Cu and Zn (r=-0.327, 
p=0.001), as well as between Zn and Ni (r=-0.550, 
p=0.0001) was inversely significant, while the 
correlation between Cu and Ni (r=0.575, p=0.0001) 

was direct and significant. Finally, in the lung cancer 
group, the correlation between Cu and Zn/Cu ratio 
was invers (r=-0.550, p=0.0001) and between Zn 
and Zn/Cu ratio (r=0.575, p=0.0001) was direct. 
Mirończuk et al. found positive correlations between 
the concentrations of Cu and the Cu/Zn, Cu/Se ratios 
(r=0.53, p<0.001; r=0.61, p<0.001), as well as the Se 
and Zn concentrations (r=0.43, p<0.001) and Cu/Zn 
and Cu/Se ratios (r=0.60; p<0.001) in patients with 
Acute Ischemic Stroke (AIS). They observed negative 
correlations in patients with AIS between 
concentrations of Zn, Se, and the Cu/Zn ratio 
(r=−0.71, p<0.001; r=−0.34, p=0.001, respectively), 
as well as Zn, Se, and the Cu/Se molar ratio (r=−0.25, 
p=0.003; r=−0.73, p < 0.001, respectively) [32]. 
This study can be considered as the first study of its 
kind in Najaf province of Iraq as a basic data for 
future studies. 
 

Conclusion 
Serum concentrations of trace elements increase in 
some groups and decrease in others, and there is a 
link between some elements that can be used as a 
means of early detection. 
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