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Trace elements • Prostate cancer • Saudi Arabia

Backgrounds: Variations of trace element contents may be 
associated with several diseases including metabolic disor-
ders, cellular growth disturbance, mutation and tumorigen-
esis. Prostate cancer is the second most common male can-
cer worldwide and stand fifth most common male cancer in 
Saudi Arabia. Objective: In the present study, Serum levels 
of selenium, zinc, copper, manganese, and iron were mea-
sured in patients with BPH and prostate cancer aiming to ex-
plore the association between these elements and prostate 
cancer. Patients and Methods: The study included 40 newly 
diagnosed prostate cancer patients, 22 patients with BPH 
and 30 healthy male subjects. All participant groups had 
similar socio-economic levels. Fasting blood samples were 
collected from all subjects and before any intervention for 
the patients. Serum PSA concentrations were analyzed by 
ELIZA and trace elements Se, Zn, Cu, Mn and Fe were mea-
sured by ICP-MS. Results: Serum Se, Zn, and Mn levels of 
prostate cancer patients were significantly decreased com-
pared to control groups. The levels of serum Cu and Fe were 
significantly higher in prostate cancer patients than in con-
trol groups. Conclusion: In the present study, an association 
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Introduction

Prostate cancer (PCa) is the second prevalent male 
cancer worldwide, with approximately 1.3 million an-
nual new cases, and it also stands the fifth most com-
mon male cancer in Saudi Arabia [1, 2]. Although PCa 
is not the most male cancer type in Middle East region, 
the prediction of its future incidence and mortality bur-
den has been more dramatic in this area of the world. 
Based on GLOBOCAN 2018 data and statistics from the 
International Agency for Research on Cancer, by 2025 
the new PCa cases in the Middle East is expected to in-
crease by 24% in Jordan, Egypt 27%, Saudi Arabia 59%, 
Bahrain 72%, Kuwait 79%, UAE 104%, and Qatar 114% 
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was noticed between serum trace elements disturbance and 
prostate cancer. The decreased levels of Se, Zn, and Mn, and 
increased Cu and Fe levels may play significant roles in the 
initiation of prostate cancer. However, future prospective 
studies on the causes of trace elements alteration in prostate 
cancer patients are needed as well as to illustrate the relation 
between different prostate cancer stages and trace elements 
concentrations.
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[3]. Hence, there is an increased attention to the prospec-
tive factors that influence the incidence of this disease. 
Benign prostatic hyperplasia (BPH) is a benign enlarge-
ment that may require medical or surgical intervention 
to mitigate obstruction of urine flow. However, PCa is a 
life-threatening malignant tumor with serious morbidity 
and mortality because of the stress of tumor burden and 
metastatic capacity [4].

Epidemiological studies led to the hypothesis that 
environmental factors enhance the progression of latent 
PCa to a clinical disease. In this context, the pattern of 
lifestyle is accused of contributing to this remarkable 
process. Reasonable factors discussed are food, alcohol, 
smoking, sexual behavior, exposure to ultraviolet radia-
tion and environmental pollution [5]. The dietary pattern 
in the Arab region has changed over the years due to ur-
banization and shifting to a more Western lifestyle [6]. 
Therefore, the Arab region’s diet changed from one rich 
in antioxidants, polyunsaturated fat, and low-fat content, 
to a high consumption of saturated fat, junk and refined 
foods. A decrease of fruit, vegetable and fibers intake 
is clear as well. Maintaining a diet rich in antioxidants, 
polyunsaturated fat, and low-fat content has a credible 
effect against the development of many cancers [7].

The roles of trace elements in metabolic pathways 
were studied and have led to a good understanding of 
their mode of action and why they are essential to life 
and wellness. Trace elements augment the immune sys-
tem mechanism and many studies demonstrated that de-
ficiency or excess of trace elements can induce metabolic 
disorders, cellular growth disturbance, mutation, and 
tumorigenesis [8]. Any alterations in the trace element 
ion contents may impact the activity of the antioxidant 
enzymes [9]. Some of the environmental trace elements 
including selenium (Se), zinc (Zn), copper (Cu), man-
ganese (Mn) and iron (Fe) have been emerged in the 
literature in relation to various type of cancers. In these 
malignancies, it has been reported that serious variations 
occurred in the normal distribution of these elements 
[10].

Se and Zn have been reported a linkage to PCa [11]. 
Se has been thought to play a role in prohibition of can-
cer development through reduction of oxidative stress, 
inflammation, enhancement of immune response, in-
duction of apoptosis and transactivation of DNA repair 
genes [12]. Epidemiologic studies showed a reverse cor-
relation between serum Se levels and prostate, lung and 
colorectal cancers [13]. Moreover, studies have shown 
increased levels of Cu and Cu/Zn ratio in breast, prostate 
and liver cancers. In addition, Cu/Zn ratio was used for 

evaluation and assessment of prognosis in cancer patients 
[14]. It has been proven the success of Zn supplement in 
protection from free radical damage [15]. Other reports 
revealed that the level of Zn decreased in patients with 
some malignancies, as hepatocellular carcinoma and PCa 
[16].

Fe is an essential element contributed in many biolog-
ical processes such as electron transport, ATP production 
and DNA synthesis [17]. However, high tissue Fe was 
reported in tissues surrounding the tumor and it was sug-
gested that increased Fe content is associated with ad-
verse effects by induced oxidative stress [18].

In the present study, serum levels of Se, Zn, Cu, Mn, 
and Fe were measured in patients with BPH and PCa 
aiming to explore the association between these elements 
and PCa.

Materials and Methods

The study included 40 newly diagnosed PCa patients (mean 
age 68.2 ± 5.2 years), 22 BPH patients (mean age 67.3 ± 6.4 
years) and 30 healthy male subjects (mean age 65.8 ± 6.8 years). 
They were randomly selected among the volunteers who did not 
have any diseases, alcohol or drug addictions. Demographic data 
and medical history were recorded for all participants. All partici-
pant groups had similar socio-economic status. PCa patients were 
newly diagnosed, and the blood samples were collected before any 
intervention for both BPH and PCa patients. PCa patients were 
subjected to digital rectal examination, trans-rectal ultrasonogra-
phy-guided biopsy and histopathological examination. Therefore, 
their PCa stages were confirmed. BPH and healthy individuals (n 
= 52) were grouped as control group. Participants who were on 
trace elements supplementation for the last 3 months were pre-
cluded from the study.

Blood Analysis
Fasting blood samples were drawn and let to clot, then centri-

fuged for 10 minutes at 3,000 rpm and sera were separated and 
stored at -20°C till analyzed.

Total Prostate Specific Antigen (PSA) Analysis
Serum total PSA was analyzed in sera of studied groups using 

chemiluminescence ELISA assay (DPC, USA).

Trace Elements Analysis
In the test, 2 ml of HNO

3
/H

2
O

2
 mixture (2:1) was added to 

each 0.7 g of serum samples. The mixture tubes were incubated 
in a water bath for 30 minutes at 70°C occasionally stirring and 1 
ml of HNO

3
/H

2
O

2
 mixture (2:1) was added to each tube. The mix-

ture was transferred into a Teflon vessel bomb for the microwave 
oven. Microwave was applied for 3 minutes at 450 W followed 
by addition of 0.5 ml of HNO

3
/H

2
O

2
 mixture (2:1). The radiation 

was reapplied for 3 minutes and let the vessel bombs to cool down 
for 5 minutes and then 2 ml of 0.1 mol/l HNO

3
 was added, fol-

lowed by centrifugation for 10 minutes. The clear supernatant was 
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transferred to a clean glass tube used to measure the trace ele-
ments concentrations. Serum trace elements Se, Zn, Cu, Mn and 
Fe concentrations were analyzed by ICP-MS (Perkin Elmer 7300, 
Perkin-Elmer Norwalk, USA).

Statistical Analysis
Serum PSA and trace elements concentrations were expressed 

as arithmetic mean value in μg/ml with standard deviation (SD). 
Data between the groups was compared and the statistical signif-
icance of mean values was determined by applying independent 
sample t-test and Mann-Whitney test. The level of significance 
was set at p value of < 0.05.

Ethical Considerations
This study was agreed by the research committee at Faculty 

of Medicine, Umm Al-Qura University. An informed consent was 
obtained from all patients and healthy subjects. The aim of the 
study and the procedures that would be required from them were 
clear as well. All subjects were informed that they could discon-
tinue their participation in the study, without any effect on the 
medical care being given to them concerning treatment and fol-
low-up.

Results

Table 1 represents studied parameters indicating that 
there was no statistical difference between age of PCa 
patients and control groups (p > 0.05). No statistical dif-
ference was found between BPH and healthy groups re-
garding to age and other measured parameters (p > 0.05). 
Serum PSA concentrations were significantly increased 
in PCa patients compared to BPH and healthy subjects (p 
< 0.05) (fig. 1). Mean serum Se, Zn and Mn levels of PCa 
group were significantly lower as compared to BPH and 
healthy groups (p < 0.005) (fig. 2–4), whereas the mean 

levels of serum Cu and Fe were significantly higher in 
PCa patients than BPH and healthy subjects (p < 0.005) 
(fig. 4).

Discussion

The incidence of PCa tends to increase in the Arab 
region as well as Saudi Arabia, where it doubled about 
8-fold between 1990 and 2016 [19]. The expected inci-
dence by 2025 and 2040 in the Arab region may highlight 
the need of more attention to the risk factors that influ-
ence the prevalence of this disease [3]. Many biological 
and environmental risk factors are related to increased 
peril of PCa. These factors include diet, micronutrients 
and vitamins intake, genetics, smoking, alcohol con-
sumption, physical activity, and obesity [20, 21]. Addi-
tionally, many dietary constituents may play significant 
roles in initiation and progression of the tumor [22]. 
Trace elements are important components of biological 
systems, they play many roles as structural materials, 
and are involved in many regulatory functions through-
out biochemical processes. But their roles in the develop-
ment and inhibition of malignancies are complex. They 
have highlighted many alerts because of their essential 
roles and toxic effects at concentrations beyond those 
substantial for their biochemical functions [23].

Se is active in assorted types of selenoproteins as glu-
tathione reductases, which plays an important role as 
antioxidant and in eliminating free radicals. Other sele-
noproteins have roles that sustain immune functions, and 
through specific cellular pathways may play a protective 

Table 1. Serum PSA and trace elements concentrations in study population (mean ± SD)

Parameter

Number
Age, year
Serum PSA, ng/ml
Serum Se, μg/ml
Serum Zn, μg/ml
Serum Cu, μg/ml
Serum Mn, μg/ml
Serum Fe, μg/ml

*Difference between PCa and control group; **Difference between BPH and healthy group.

PCa group Control group

Healthy BPH Total

p

40
68.2 ± 5.2
18.3 ± 4.1
  0.07 ± 0.01
  0.51 ± 0.09
  1.69 ± 0.31
  0.001 ± 0.001
  1.96 ± 0.58

30
65.8 ± 6.8
  1.6 ± 0.8
  0.14 ± 0.03
  0.87 ± 0.29
  0.97 ± 0.22
  0.0026 ± 0.001
  1.21 ± 0.27

22
67.3 ± 6.4
  3.7 ± 2.0
  0.12 ± 0.02
  0.75 ± 0.14
  1.06 ± 0.35
  0.0022 ± 0.001
  1.32 ± 0.46

52
66.4 ± 6.5
  2.8 ± 1.9
  0.13 ± 0.02
  0.82 ± 0.19
  1.02 ± 0.24
  0.0024 ± 0.001
  1.24 ± 0.22

> 0.05*   > 0.05**

< 0.005* > 0.05**

< 0.005*  > 0.05**

< 0.05*   > 0.05**

< 0.005* > 0.05**

< 0.005* > 0.05**

< 0.05*   > 0.05**
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role in both the initiation and promotion of certain malig-
nancies. Thus, low Se levels may induce tumorigenesis 
[24]. Our results revealed that serum Se concentration 
was significantly lower in PCa patients as compared to 
BPH and healthy individuals. Many literatures indicated 
that low level of Se may correlate with carcinogenesis 
and is a risk factor of cancer. They showed a beneficial 
effect of high Se levels in the prevention of cancer and 
there were a clear antitumorigenic and chemo-preventive 
effects of Se in a variety of malignant tumors. In these 
cancers, erythrocyte, serum, and urine Se levels have 
been decreased compared to control groups [25].

Fig. 1. Serum PSA levels in PCa and control groups. Fig. 2. Serum Se concentrations in PCa and control groups.

Fig. 3.  Serum Mn concentrations in PCa and control groups. Fig. 4.  Serum Cu, Zn and Fe concentrations in PCa and control 
groups.

Zn is an essential element that has variety of functions 
and is required for many biochemical pathways. The hu-
man body contains 1.5–2.5 g Zn in total, mostly found in 
bone, prostate, skin, skeletal muscle and retina. However, 
the regulation and function of Zn transporter proteins are 
still unclear. Plasma Zn is mostly bound to proteins such 
as albumin, macroglobulin and amino acids, and makes 
up only 0.1% of total Zn in the body [26]. The impor-
tant role of Zn in immune function has been the subject 
of various studies [27]. In addition to its vital roles as 
co-factor for over 300 metalloenzymes, antioxidant and 
involvement in cellular signaling pathways, Zn plays vi-
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tal role as anti-carcinogen through its functions to sta-
bilize DNA, RNA and ribosome as well as its involve-
ment in cellular proliferation and differentiation [28]. 
Previous studies revealed that serum Zn concentrations 
were decreased in prostate, testicular, ovarian, cervical 
and bladder cancers [29–31], as well as Zn deficiency 
may increase the peril of PCa [32]. Our study indicated a 
marked decrease of serum Zn concentrations in the PCa 
patients compared to control individuals.

Cu as an essential trace element is involved in many 
biochemical processes as energy metabolism, iron ho-
meostasis and antioxidant protection [33]. Serum Cu and 
ceruloplasmin concentrations increased in many can-
cers as leukemia, breast, cervix and endometrium can-
cers. Cu, like Zn, is an essential element for activation 
of DNA and RNA polymerase enzymes and has a role as 
co-factor for antioxidant enzymes [34]. Zn is recognized 
as a Cu antagonist, which may be resulted as observed 
hypozincemia with hypercupremia in malignant transfor-
mation. Due to the direct interference between intestinal 
absorption of Zn and Cu, Cu could replace Zn binding 
with metallothionein, because of Cu’s high affinity to-
ward this protein [35]. This mechanism may explain the 
observed decrease of serum Zn concentration, which is 
accompanied with elevated serum Cu concentration mea-
sured in this study.

Mn is an essential element required for several metal-
loenzymes as pyruvate decarboxylase and superoxide 
dismutase that are concerned with energy production 
and antioxidant defense system [36]. Therefore, it can be 
suggested that decreased serum Mn concentrations may 
alter the antioxidant mechanism leading to target organs 
sensitive to carcinogens. Low serum Mn levels were 
reported in different urological cancer patients [37]. In 
the current study, we observed a significant difference 
in serum Mn levels of PCa patients compared to control 

groups. Mn has many chemical properties similar to Fe. 
Previous studies reported different metabolic interactions 
between Fe and Mn, particularly through intestinal ab-
sorption [38].

While Fe is a vital trace element for normal cell 
functions, whose disturbance is associated with several 
diseases. A surplus of Fe may lead to an increased cell 
oxidative stress, resulting in accelerated tissue and DNA 
damage [39]. The present study indicated an elevated 
serum Fe concentration in PCa patients than in control 
groups. It has been demonstrated that the increased ox-
idative stress resulting from excess Fe may increase the 
risk of liver, pancreas and skin cancers [40], and many 
epidemiological researches indicated that low Fe con-
centrations could reduce cancer incidence including PCa 
[41, 42].

Our results revealed that serum trace element concen-
trations showed no statistical difference between BPH 
and healthy groups. Previous studies reported that the 
levels of these elements were not significantly different 
in BPH patients compared to control subjects and the 
slight disturbance of these trace elements could not in-
volve in the etiology of BPH [43, 44].

Conclusion

In the present study, an association was noticed be-
tween trace elements disturbance and PCa. Furthermore, 
the decreased levels of Se, Zn and Mn and increased 
Cu and Fe levels may play significant roles in the ini-
tiation of PCa. However, future prospective studies on 
the causes of trace elements alteration in PCa patients 
are needed. Further studies are needed to illustrate the 
relation between different PCa stages and trace elements 
concentrations.
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