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A B S T R A C T

Vitamin D3 supplementation has a beneficial effect on cancerous patients, although it can influence the redox-
and metal homeostasis. The aim of our investigation was to demonstrate the effect of vitamin D3 consumption on
the redox- and metal homeostasis in prostate cancer, because of the recommended daily dose increased from 200
IU to 2000 IU in recent years in Hungary. Forty-three volunteers were involved in the study. The grouping was
applied according to the clinical routine laboratory parameters (vitamin D3) and the tumor markers (PSA, fPFA).
Patients were divided into 5 groups: (A) patient control (N=8), (B) patient control with vitamin D3 treatment
(N=9), (C) high-risk prostate cancer group (N=6), (D) high-risk prostate cancer group with vitamin D3

treatment (N=8) and (E) vitamin D3 treated cancerous group with androgen deprivation therapy (N=11). The
element concentrations were determined with ICP-OES. Among the redox parameters, free radical scavenging
capacity and H-donating ability were determined with luminometry and spectrometry. Vitamin D3 treatment
caused differences in the metal- and redox homeostasis in either patient control and cancerous groups. The
concentration of Fe, Cr, and Pb significantly increased in the erythrocytes of prostate cancer patients. According
to the higher scavenging capacity by vitamin D3 treatment, it seems that vitamin D3 helps to equilibrate the
redox homeostasis that could affect the outcome of cancer positively. However, the tendency in the metal ele-
ment status does not give a clear explanation of cancer's outcome, but the accumulation of Pb by vitamin D3

supplementation needs to be taken into more serious consideration in set terms of occupational diseases.
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1. Introduction

In the literature, there are a few investigations about the effect of
vitamin D3 against oxidative stress, but they show positive results, be-
cause vitamin D3 increases the SOD activity, reverses the alteration in
the oxidative and nitrosative stress parameters [1]. Epidemiological
studies indicate that vitamin D3 (1α,25(OH)2D3) deficiency is an im-
portant factor in various human cancer type [2–4]. In Europe, prostate
cancer is one of the most commonly diagnosed malignant diseases
among men after non-melanoma skin cancer, colorectal and lung cancer
whose mortality increases with age. Besides genetic diversity and ad-
verse environmental aspects, vitamin D3 deficiency plays an important
role in the incidence of prostate cancer. Clinical researches and mole-
cular studies have already established that vitamin D3 inhibits cell
proliferation on androgen receptor (AR)-positive and AR-negative in
the prostate tumor cells. Antiproliferative effect of vitamin D3 is
mediated by the vitamin D receptor (VDR), as calcitriol (1α,25(OH)2D)
binds to VDR, and it interacts with the retinoid X receptor (RXR) [5,6].
Several forms of cholecalciferol could be bound to the vitamin D3 re-
ceptor, but 1,25-dihydroxycholecalciferol is biologically more potent
due to its 1000 times higher affinity to VDR than that of to 25-hydro-
xycholecalciferol [7]. Nevertheless, a hormonally active form of vi-
tamin D3 (25-dihydroxycholecalciferol) activates the apoptotic path-
ways through the expression of p53 tumor suppressor protein,
modulates cell cycle by inhibition of the G1–S transition and inhibits
cell differentiation in tumors through the signal transduction processes
[8–10]. In vitro studies on human prostate cancer cell lines and mouse
models have demonstrated that vitamin D3 and its derivatives can in-
hibit the growth of cancer cells, by inducing apoptosis and preventing
cell proliferation [11–14]. Also, vitamin D secosteroids can activate
cyclin-dependent kinase inhibitors, e.g. INK4 proteins, p21waf1, and
p27kip1 [15].

With these findings, it is highly considered that the treatment of
vitamin D3 and its analogs could be used as alternative therapy in
prostate cancer.

There are still not enough indicators available to diagnose prostate
cancer at an early stage and differentiate the patients who require
prostatectomy or oncological treatment for healing. Even the level of
prostate-specific antigen (PSA), whose height is the most common sign
of the disease occurrence, can stay within the normal range or give a
false negative result, especially at the early stage. Several studies were
carried out to find a specific biomarker of the redox system to de-
termine the disease severity. Some studies in human tumor cell lines
refer to the increase of interleukins (IL-6, IL-10), tumor necrosis factor
alpha (TNF-α), VEGF signal protein, and the decrease of IL-2 in me-
tastasis [16,17]. In one of our previous studies, the levels of cytokines
and growth factors were lower at the early stage prostate cancer pa-
tients than the one in the controls. Furthermore, remarkable differences
were found in the results of bound formaldehyde (HCHO), Zn-proto-
porphyrin and free protoporphyrin in erythrocytes of taxane-treated
metastatic, histologically negative and positive patients compared to
the healthy controls [18]. These findings are not only important in the
process of DNA hypomethylation because it could lead to high mutation
rate in most cases [19], but they are also in strong connection with the
redox status [20].

On the other hand, it was also demonstrated that not only the metal
elements could assist the absorption of vitamin D3 but conversely, the
uptake of micro and macronutrients (e.g., Ca, Mg, Cu, Zn, Fe, Se), and
certain transition metals might be facilitated by vitamin D3 in the
gastrointestinal tract in healthy individuals [21]. Even the absorption of
heavy metals can be assisted by vitamin D3. For that reason, despite the
beneficial effects of vitamin D3, heavy metal accumulation needs to be
taken into account, since the absorption of non-essential metal elements
could be affected by the vitamin D3 intake in human [22]. It was also
demonstrated that the metal element status alters in the case of prostate
cancer with special emphasis on the Pb level [23], but there is no study

for investigating the metal element status in the function of vitamin D3

supplementation in prostate cancer.
Vitamin D3 deficiency could be a risk factor for prostate cancer in

the Hungarian man population since the vitamin D3 is lower than the
optimal level in 50% of the Hungarian population even in the summer
period [24]. There is no information available in the literature about
that how vitamin D3 treatment effects on the metal element and redox
homeostasis in prostate cancer patients. Therefore, in the current study
our aim was to perform a comprehensive investigation on how vitamin
D3 supplementation in patient control and prostate cancer patients in-
fluences the metal element- and redox homeostasis after a three-year
treatment.

2. Materials and methods

2.1. Materials

Vitamin D3 was a general consumer product on sale in the phar-
macy. Each gelatine capsule contained 3000–3300 IU (75–82.5 μg)
cholecalciferol (vitamin D3). Standard solutions, nitric acid, and hy-
drogen chloride were purchased from Reanal (Budapest). 1,1-diphenyl-
2-picrylhydrazyl, stable radical, hydrogen peroxide, luminol, micro-
peroxidase were obtained from Sigma (St. Luis). Spectro multi-element
standard solutions were used for ICP (CPAchem; Stara Zagora,
Bulgaria). The CHR hemoglobin reagent solution was purchased from
Reagents Ltd., Hungary.

2.2. Patients

42 volunteers with a mean age of 62.1 ± 15.9 years were ex-
amined, of which 25 were the outpatients of the Medical Centre of
Dunakeszi and 17 from the Department of Urology and Urooncological
Centre at the Semmelweis University, Budapest Hungary. The grouping
was executed by the treating physician according to cancer's pro-
gressivity (PSA, digital rectal examination, biopsy) and the vitamin D3

treatment. Harmful habits and other comorbidities of some patients
(smoking, alcohol consumption, diabetes mellitus, another type of
cancers) were considered. Conforming to the latter, two patients had to
be excluded from the investigation. Patients with vitamin D3 treated
groups received vitamin D3 treatment for three years continuously
under strict physician control.

The diet of the patients didn’t alter from the conventional
Hungarian dietary, the intake of vitamin D3 was 2.5 μg/day in men and
1.9 μg/day in women of 35–64 years old, while Ca was 759mg/day in
men and 690mg/day in women; Cu was 1.18mg/day in men and
0.94mg/day in women; and Zn was 9.65mg/day in men and 7.31mg/
day in women [24]. According to their state, they were following a
normal diet without taking any food supplements. The patients didn’t
work under extreme conditions and they weren’t exposed to any metal
toxicity (foundries, battery recycling, etc.). Blood samples were col-
lected in spring (March-April) after the three-year treatment. The pa-
tients were divided into 5 groups according to the Table 1:

Table 1
PSA level (μg/L) in different patients’ groups after three-year treatment.

Patients PSA (μg/L)

Patient control group (N=8) 1.11 ± 0.45
Patient control group with vitamin D3 treatment (N=9) 0.75 ± 0.40
High-risk prostate cancer group (N=6) 13.0 ± 5.4*

High-risk prostate cancer group with vitamin D3 (N=8) 5.68 ± 1.11*,**

Vitamin D3 treated cancerous group with androgen
deprivation therapy (N=11)

1.40 ± 2.44**

* significant difference to the patient control p < 0.01.
** significant difference to the high-risk prostate cancer without vitamin D3

treatment p < 0.01.
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