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Abstract

Introduction: Vitamin D is involved in several human me-
tabolism pathways, both in classic pathway, which involves
the calcium and phosphorus metabolism, and in non-classic
pathways, which arerelated to several types of diseases, includ-
ing diseases related to muscles; kidneys; cardiovascular system;
immune system; some types of cancer; diabetes; and pregnan-
cy.Objectives: As cancer is one of the main health problemsin
the world and knowing that it is one of the non-classic effects
related to vitamin D, the current narrative review aimed to
verify the relevance of vitamin D has on the types of cancer.
Methods: The bibliographic research was performed in data-
bases Pubmed, Scopus and PEDro on June 16, 2020, using the
keywords “vitamin D”, “cancer” and “non-classic”. Only articles
since the year 2000 were included. Thirty-one articles were
analyzed relating vitamin D to colon/rectum cancer, breast
cancer, prostate cancer, lung cancer, ovarian cancer, melanoma
and other types of skin cancer, and gastric cancer. Results: All
studies have shown a relationship between vitamin D and the
incidence of cancer in the human body, however, there are
peculiarities regarding the concentration levels in each organ.
Even with conflicting results, in general, vitamin D has shown
to be promise in the prevention of several types of cancer.
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Introduction

An important function of vitamin D is the main-
tenance of the balance of calcium and phosphorus
metabolism in the human body.! There are two main
forms of vitamin D: vitamin D3 (or cholecalciferol) that
forms on the skin through sun exposure or ultraviolet
light, and vitamin D2 (or ergocalciferol) obtained by
irradiating plants or vegetable food.! They may be
obtained through sun exposure, food intake or supple-
mentation.? The first observation that uses the natural
vitamin D originates from the 19th century in which
rickets patients were successfully treated and cured
with fish oil rich in vitamin D. In 1890 there was the
first demonstration that exposure to sunlight could be
effective in the treatment of rickets. But it was only in
1922 the first time that these anti-rickety properties
derived from fish oil were linked with a fat-soluble
factor first identified as vitamin D, and from then more
studies involving this newly discovered hormone
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emerged. To be biologically activated and have effects
on metabolism and physiological functions, such as
inhibiting the growth of cancer cells and protecting
against certain immune mediated disorders, vitamin
D must be converted into its active form.*

The sun emanates electromagnetic radiations that
can be classified according to their frequencies and
wavelengths, and some of them are infrared rays, visible
light and ultraviolet radiation (UVR). UVR is found in
the electromagnetic spectrum between wavelengths of
100 nm and 400 nm and is subdivided into ultraviolet
A (UVA), ultraviolet B (UVB) and ultraviolet C (UVC)®
Exposure to UVR has physiological and physical
benefits, as the participation in synthesis of active
vitamin D. The UVB is responsible for the formation

v.20,n. 2, jul-dez/2021 161



BRAZILIAN JOURNAL

OF HEALTH AND
BIOMEDICAL SCIENCES

Review article

of pre-cholecalciferol (pre-vitamin D3) which will later
be isomerized in cholecalciferol (vitamin D3).°

Both vitamin D2 and vitamin D3 circulate in
the bloodstream to bind with a specific protein, the
vitamin D binding protein (DBP). To become active,
vitamin D is transformed twice; first a hydroxylation
occurs forming 25-hydroxyvitamin D (25(OH)D) in
the liver, this hepatic hydroxylation is not tightly
regulated, so if the production of vitamin D is high,
either by ingestion or exposure to the sun, the liver will
produce more 25(OH)D, this pre-hormone will also bind
to BPD with a half-life of 3 weeks. This pre-hormone
can be hydroxylated in the kidney within the cells of
the proximal tubule to form 1,25-dihydroxyvitamin
D (1,25(0OH)2D3), also known as calcitriol, which is the
active metabolite of vitamin D; this hydroxylation
is strongly regulated and is stimulated mainly by
parathyroid hormone (PTH), low serum calcium and
phosphate concentrations, and inhibited by fibroblast
growth factor 23 and calcitriol itself. When released
into the bloodstream, calcitriol is also able to bind to
DBD however with alower affinity that 25(OH)D, being
able to bind to various tissues that have the vitamin
D receptor (VDR), which can activate or inhibit the
transcription of several genes.”

Several tissues have VDR and the mechanism
capable of activating and deactivating vitamin D,
even though they are not involved with bone and/or
calcium and phosphate metabolism. 25(OH)D enters
these tissues and it is transformed locally into calcitriol,
which will bind to the cell’s VDR generating several
genomic effects (not “calcemic”), thus not participat-
ing in the metabolism of calcium and phosphate. This
pathway does not appear to be regulated by PTH or by
the fibroblast growth factor 23, but by the extracellular
concentration of 25(0OH)D shrouded these tissues. Thus,
one can understand the non-classic effects of vitamin D,
which are considered “intracranial”, when compared to
the classic effects which are endocrine. The non-classic
effects, most common in the body, are related to the
muscles; cardiovascular system; kidneys; immune sys-
tem; some types of cancer; diabetes; and pregnancy.?

Cancer is a health problem that affects developed
and underdeveloped countries, including the main
causes of morbidity and mortality worldwide, with 18.1
million new cases and 9.6 million deaths in 2018, causing
damage to patients, families, community and the health
system. Knowing that one of the non-classic effects of
vitamin D is related to some types of cancer and that
this disease is the second leading cause of global death,’
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the current study aimed to conduct a narrative review
to verify effects of vitamin D on types of cancer.

Methodology

For this narrative review, the bibliographic re-
search was carried out on Pubmed, Scopus and PEDro
onJune16,2020. The keywords selected for the searches
were “vitamin D”, “cancer” and “non-classic”. Only
articles published since the year 2000 were used. The
PRISMA!® was used to guide the development and or-
ganization through a diagram flow (Figure 1).

Figure 1. Flow diagram according the findings in the
databases
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Inclusion criteria

In this narrative review were included nineteen
Pubmed articles, twelve Scopus articles and no PEDro
articles. The inclusion criteria randomized studies from
the year 2000.

Exclusion criteria

Non-randomized and non-meta-analysis studies, arti-
cles published prior to 2000, animal clinical trials, studies
with vitamin D concomitant with another substance,
studies with vitamin D and classical effects and studies with
vitamin D and other non-classical effects were excluded.

Results and discussion

A total of thirty articles were analyzed, of which
seven related vitamin D with colon/rectum cancer,



Luciana L. Alves et al - Relationship between vitamin D and cancer: A narrative review

three with breast cancer, three articles with prostate
cancer, three with lung cancer, two with cancer in the
ovaries, one related to melanoma and other types of
skin cancer, three related to gastric cancer and eight
with anticarcinogenic properties of vitamin D.

The relationship between vitamin D
and cancer risk

Colorectal Cancer

Four meta-analyzes published in 2011 that demon-
strated the inverse association between vitamin D
levels and the risk of getting colorectal cancer, in other
words a high level of 25(OH)D would be associated with
low risk of developing this type of cancer.* Another
study corroborated this information and also found
that increased serum levels of vitamin D plays a key
role in decreasing the risk of colorectal adenoma.*
High levels of circulating vitamin D also decreased the
methylation of SFRP2 (a not-invasive biomarker for
diagnosis of colorectal cancer) in the tumor area and
these results suggests that vitamin D has an epigenetic
effect on DNA methylation, contributing to a positive
response as a neoadjuvant treatment.’s

A randomized clinical trial also demonstrated that
high doses of vitamin D were able to slow thegrowth rate
of colorectal cancer in patients with chemotherapy start-
ed.® Messaritakis et al.” conducted a study that was able
todemonstrate that therapies which activate the vitamin
D receptor, including the modulation of this pathway,
may be a new approach for the treatment of colorectal
cancer, according to the thought that vitamin D would
be beneficial in the treatment of this type of disease.

Breast Cancer

The investigation involving breast cancer and
vitamin D are much less consistent than those related
to colorectal cancer, however a work by Shao et al.®
concluded that a high concentration of circulating
25(OH)D is associated with a low risk of developing this
type of cancer. Bauer et al.”? also conducted a dose-re-
sponse meta-analysis and found a non-linear inverse
association, only in a more restricted group composed
by women in the post-menopausal period.

Zhou et al?*did not identify in their meta-analysis
any protective effect of vitamin D supplementation
in reducing the risk of breast cancer, and this may be
related to several factors such as an inadequate dosage
when compared to the control group, short-term fol-

low-up, patient selection and even unknown factors.
This study suggests the complexity surrounding the
relationship between vitamin D and breast cancer
risk, and this may differ with menopausal status and
possibly between races as well.

Prostate Cancer

Studies concluded that men with elevated serum
levels of 25(OH)D had a higher risk of developing
prostate cancer, compared to men with low levels of
the vitamin.?! Nair-Shalliker et al.*? suggested that the
elevated level of 1,25(OH)2D on plasma after prostate
cancer diagnosis and treatment could decrease all spe-
cific causes of mortality from this disease, especially in
men with aggressive prostate cancer, and also suggested
that circulating vitamin D levels post-diagnosis can
be used as a prognosis for survival from aggressive
prostate cancer.

Torkko et al[?! did not find a clear or consistent
association with the vitamin D pathway and its inter-
actions with 25(OH)D present in the blood, in relation
to therisk of prostate cancer. However, they identified
that patients with low amounts of 25(OH)D in the
serum have a greater chance of developing prostate
cancer with a risk of being fatal.

Lung Cancer

Tworesearches with slightly different criteria have
been published reporting the relationship between
vitamin D levels and the risk of lung cancer. Zhang et
al[*included only prospective studies and observed a
statistically lower risk of lung cancer, comparing high
and low categories of circulating vitamin D. Chen et
al®also concluded that there was a 5% reduction in the
risk of lung cancer with administration of 10 nmol/L
of 25(OH)D.

Kong et al?¢ evaluated the relationship between the
single nucleotide polymorphism related to the vitamin
D pathway and the prognosis of non-small cell lung
cancer (NSCLQ). It was noted that some of the genetic
polymorphisms related to the vitamin D pathway
can influence the prognosis of lung cancer and may
be linked to tumor progression, which may indicate
vitamin D as a potential therapeutic possibility.

Ovarian Cancer

Despite not having significant statistical relevance,
some prospective studies of circulating vitamin D and
ovarian cancer suggested a reduced risk of developing
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the disease associated with a high level of 25(OH)D.?
Circulating vitamin D levels are significantly lower in
patients with ovarian cancer, so vitamin D deficiency
is closely related to the pathogenesis of ovarian can-
cer. Vitamin D treatment reduces the migration and
proliferation of ovarian cancer cells and its use should
be considered as a potential new therapy for ovarian
cancer.?

Melanoma and other types of skin cancer

There is a high complexity involving vitamin D
and skin cancer, considering that exposure to ultravi-
olet radiation is both a source of vitamin D and a risk
factor for this type of cancer. No association was found
between skin cancer and increased vitamin D through
food or supplementation, not confirming that a high
in vitamin D is associated with cutaneous melanoma.
Although vitamin D inhibits the development and
spread of the tumor in the early stages of the disease,
itis still unclear whether it has an effect in later stages
and whether it can increase the survival of patients
with melanoma.?

Stomach Cancer

Vitamin D is related to the risk of gastric cancer®
and metabolites or analogues of vitamin D can suppress
Helicobacter pylori' infection and H. pylori-related gas-
tric cancer. The protective role of vitamin D has been
identified against this type of human cancer through
several studies®® and has shown that vitamin D sup-
presses proliferation and stimulates cell cycle arrest in
gastric cancer cells.®

Anticarcinogenic properties of vitamin D

It is suggested that vitamin D can regulate the
process of tumor formation, from the beginning to
interactions with the cell.* This mechanism includes
the cell regulation, such as proliferation, differentia-
tion, apoptosis, autophagy and even the interaction of
the cell with the environment in which it is inserted
(angiogenesis, inflammation, among others).

The process of tumoral formation is capable of
changing irreversible genetic mutationsin cells, leading
to several transformations mainly related to cell func-
tion, and vitamin D in turn participates in key points
in the prevention of this whole process, playing an im-
portantrole of antioxidant, anti-inflammatory defense
and without DNA repair process. One of the greatest
contributors to the onset of tumor formation is inflam-
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mation and works suggest that vitamin D can exert at
least four different anti-inflammatory mechanisms:*
Vitamin D in its active form, that is calcitriol, can in-
hibit the prostaglandin (PG) pathway, which in turn is
involved in the process of repairing tissue damage and
infection. Calcitriol inhibits the pathway by inhibit-
ing the expression of cyclooxygenase-2 (COX-2) and
PG receptors, and is also involved in the degradation
of prostaglandin itself3s Vitamin D can also suppress
the MAPK p38-mediated proinflammatory signaling
pathway by inducing MAPK phosphatase-5 expression,
which prevents MAPK p38 phosphorylation and acti-
vation, inhibiting the production of proinflammatory
cytokines such as interleukin-6 ( IL-6).3 Calcitriol can
also inhibit the nuclear factor kappa B (NFkB) signaling
pathway that performs functions as a transcription
factor. It suppresses protein kinase B (AKT) phosphor-
ylation and its target in macrophages, by the positive
regulation of member 4 of the superfamily thioesterase
(THEM4), an AKT modulator. This leads to inhibition
of NFkB and COX-2 expression.¥ Vitamin D is also able
toregulate the interaction between immune cells and
tumor cells to suppress the production of pro-inflam-
matory cytokines.®

In addition to inflammation, reactive oxygen
species (ROS) are important points in various stages
of tumor formation, which can promote DNA mu-
tation, cell proliferation and death, all of which pro-
voke pro-inflammatory responses. So, maintaining a
good antioxidant defense system is a critical point in
preventing the development of tumors. Studies sug-
gest that vitamin D is able to protect the cell against
oxidation induced by DNA damage by promoting
antioxidant defenses.

The vitamin D-mediated protection from DNA
damage that is induced by ROS can be attributed to the
process of inducing the expression of several enzymes
involved in the body’s antioxidant barrier, such as SOD1,
SOD2, GSH, NRF2, among others. In addition to the
increase in antioxidant capacity, vitamin D is also able
to directly regulate the DNA repair process,*” increasing
the expression of genes involved in this process.

The current narrative review has some limitations
and therefore its results should be interpreted with cau-
tion. Only cohort studies that were published from the
year 2000 on were included, the searches were performed
only in three databases and in the English language.

The strength of this work is related to the presen-
tation of a relationship between vitamin D and the
presence of cancer in various organs.
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Conclusion

Vitamin D insufficiency is frequently shown to be
related to the incidence of cancer in the human body.
It is possible to observe the existence of peculiarities
regarding the difference in levels of concentration of
vitamin D in each organ. Even with conflicting results,
ingeneral, vitamin D has shown promise in the preven-
tion of several types of cancer.
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