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Metabolism, and Therapeutic

Potential
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Adam Wozniak?, Wiktor Zyro? Katarzyna Zyro

ABSTRACT

Vitamin D is a fat-soluble prohormone. It plays a key role in maintaining calcium
and phosphate balance. It also has many other functions beyond its role in the
skeletal system. These include supporting the immune system, heart health, and
cancer-related processes. This review explains the process of vitamin D synthesis,
its mechanism of action, and its effects on the body. The review places special focus
on its role in cancer. The review describes the process of vitamin D synthesis and its
regulatory mechanisms. It also highlights the widespread presence of the vitamin D
receptor (VDR) in many tissues. Research indicates that lower levels of serum
vitamin D are associated with an increased risk of developing cancer - especially
multiple myeloma, breast, prostate, and lung cancer. Observational studies often
show positive results. However, randomized clinical trials have demonstrated
mixed outcomes. This limits the role of vitamin D in cancer prevention. Still, it is
essential to maintain adequate vitamin D levels, especially in cancer patients. More

research is needed to find effective supplementation strategies in cancer care.

Keywords: Vitamin D, Calcium and phosphate metabolism, extraskeletal impact of

vitamin D, colon cancer

1. INTRODUCTION

Vitamin D plays a vital role in human health. Scientists first recognized it as a key
regulator of calcium and phosphate balance, which is essential for bone strength
and structure. Over time, researchers discovered that vitamin D also influences
many other biological processes. It now qualifies as a pleiotropic hormone with
effects that extend far beyond the skeletal system. The body can produce vitamin D
in the skin when exposed to sunlight, specifically ultraviolet B (UVB) radiation.
People can also get it from food or supplements. Once in the body, vitamin D
undergoes two metabolic steps—first in the liver and then in the kidneys. These
steps convert it into its active form, calcitriol. Calcitriol binds to the vitamin D
receptor (VDR), which is present in almost all human cells. This enables vitamin D

to influence a broad range of genes and cellular functions.
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Recent studies have shown that vitamin D supports immune responses, protects the cardiovascular system, and helps maintain
muscle strength. It may also influence pregnancy outcomes, reduce the risk of chronic diseases, and even play a role in preventing
some types of cancer. Low vitamin D levels are common worldwide and affect numerous groups, including newborns, older adults,
individuals with limited sun exposure, and patients with chronic or oncologic diseases. Due to its wide-ranging effects, vitamin D has
become a focus of research in numerous medical fields. Scientists continue to study how vitamin D works, how to measure its levels
accurately, and how to utilize it in prevention and treatment. This review examines the metabolic pathways, mechanisms of action, and
potential clinical applications of vitamin D, with a particular emphasis on its role in cancer biology (Mufioz & Grant, 2022; Zhao et al.,
2024).

2. METHODOLOGY

For this review, we searched PubMed and Google Scholar for articles published between 2000 and 2024. We focused on studies about
vitamin D and its role in the body, especially in cancer. We used keywords such as vitamin D, calcitriol, vitamin D receptor, cancer, and
vitamin D metabolism. We first checked the titles and abstracts. Then, we read the full texts of the most relevant papers. We included
studies that explained how vitamin D works and its effects on health. We specifically sought papers that linked vitamin D to cancer.
We only used articles written in English and published in scientific journals.

We excluded studies that focused solely on animals or topics unrelated to cancer, unless they contributed to understanding how
vitamin D functions in the body. We carefully chose the best articles to include in this review. Nine hundred forty-five records were
identified through database searching; no duplicates were removed. Eight hundred seventy-six records were excluded based on titles
and abstracts. Sixty-nine full-text articles were assessed for eligibility and finally included in the qualitative synthesis. Details are given
in the PRISMA flowchart (Fig.1).
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Figure 1: PRISMA flowchart.
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3. RESULTS AND DISCUSSION

The modern definition of a vitamin differs from the original word's etymology. In 1910, Japanese scientist Umetaro Suzuki pulled a
water-soluble nutrient mix from rice bran and named it aberic acid. Two years later in London, Polish biochemist Casimir Funk isolated
the same mix, coined the word “vitamin,” and called it the “anti-beri-beri factor.” Today we know this nutrient as thiamine, or vitamin
B1l. Maximilian Nierenstein — a professor of biochemistry from the University of Bristol, reportedly suggested ,vitamin” as an
abbreviation for ,vital amine” back then since scientists at the time believed all such compounds contained an amine group (Rosenfeld,
1997; Semba, 2012). Nowadays, vitamins are defined as chemicals that the organism needs in small amounts for maintaining
homeostasis. Vitamins are obtained from plants and animal food products and dietary supplements. Vitamins are either fat-soluble or
water-soluble (Wolf, 2004).

3.1. Vitamin D - vitamine or hormone?

Vitamin D is a fat-soluble vitamin acquired from diet and a seco-steroidal prohormone produced in the skin by ultraviolet B (UVB, 290-
320nm) from sunlight. Hepatic 25-hydroxylase converts vitamin D to 25-hydroxyvitamin D, and renal 1a-hydroxylase produces the
active hormone calcitriol, which signals through the vitamin D receptor (VDR). As Vitamin D is synthesized endogenously, it does not
meet vitamin criteria. It is also a far more multipotent compound than other vitamins, typically serving as an enzyme cofactor. VDR is
found in nearly all cells in the body. Many body cells widely express CYP27B1, the enzyme that produces the active metabolite of
vitamin D and serves as the ligand for the VDR. This fact indicates that the role of vitamin D is not limited to its classical role in calcium

and phosphate metabolism, but extends to a broad spectrum of metabolic pathways in the human body (Bikle, 2016).

3.2. Synthesis of vitamin D and primary food resources

The main source of Vitamin D3 is skin, where it is synthesized from 7-dehydrocholesterol (7-DHC). In contrast, both vitamin D2
(ergocalciferol) and vitamin D3 (cholecalciferol) can be present in the diet, especially in fish, dairy products, Shitake mushrooms, and
liver, as vegetarians are particularly susceptible to vitamin D deficiency (Agnoli et al., 2017; Uusi-Rasi et al., 2015).

Once in circulation, vitamin D undergoes hydroxylation in the liver to form 25-hydroxyvitamin D [25(OH)D], followed by
conversion to its active form, 1,25-dihydroxyvitamin D [1,25(OH)2D] — primarily in the kidneys, but also in activated macrophages,
microglia, breast tissue, colon, parathyroid glands and keratinocytes (Adams et al, 2014). [25(OH)D] and [1,25(OH)2D] are
subsequently metabolised to their inactive hydroxyforms — [24,25(0H)2D2/3], [1,24,25(0OH)3D2/3], [23,25(0OH)2D3], [1,23,25(0OH)3D].
Vitamin D is highly lipophilic due to its steroid structure. It is usually bound to protein carriers that help maintain stable serum levels,
with a half-life of 2-3 weeks for [1,25(OH)2D] and 5-8 hours for [25(OH)D] in non-obese patients (Lang et al., 2023).

Sunlight is the most well-known “substrate” for the synthesis of vitamin D. Still, the body needs chemical compounds it can convert
into vitamin D. Although 7-DHC can be converted into vitamin D without enzymatic help, 7-DHC synthesis is impossible without
enzymes. This subsequently leads to the conclusion that any disturbance in this process could result in vitamin D deficiency, even with
adequate sunlight exposure. The 7-dehydrocholesterol reductase (DHCR7) enzyme converts 7-dehydrocholesterol (7-DHC) to
cholesterol, so its activity dictates the amount of 7-DHC available for vitamin D synthesis (Fitzky et al., 1998). The regulation of DHCR?7
is not fully known, although the fact is that cholesterol and vitamin D increase proteasomal degradation of DHCR?7 and lead to
increased vitamin D production (Prabhu et al., 2016).

After converting 7-DHC to cholecalciferol, the liver is the next station in the metabolic pathway, where 25-hydroxylases turn it into
[25(OH)D], but noteworthy is the fact that numerous enzymes within mitochondria and microsomes have 25-hydroxylase activity. For
instance, patients with inactivating mutations of CYP27A1, which was once suggested as the main 25-hydroxylase, used to develop
cerebrotendinous xanthomatosis, but not rickets, which meant that other enzymes had 25-hydroxylase activity. Nowadays, data
support CYP2R1 as a major 25-hydroxylase in the liver, but even after knocking out the CYP2R1 gene in mice models [25(OH)D], levels
drop by 50%, but not more (Bikle, 2020). Interestingly, 25-hydroxylation of vitamin D is not primarily substrate dependent — a high-fat
diet, rich in cholesterol, results in decreased serum level of [25(OH)D] and impaired expression of CYP2R1 in the liver. In contrast,
vitamin D levels remain the same in mice models (Roizen et al., 2019).

Unlike the 25-hydroxylases, there is only one 25(OH)-1a-hydroxylase — CYP27B1, which primarily concentrates in the kidneys, but
is also expressed in the epidermis, bones, placenta, and immune system cells. Paracrine and autocrine agents strictly regulate CYP27B1.
It is upregulated by parathyroid hormone (PTH) and insulin-like growth factor-1 in the kidneys. In other tissues, primarily immune

cells, interferon-gamma (IFN-vy), tumor growth factor alpha (TNFa), and transforming growth factor betal (TGFP1) upregulate its
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expression). Also, interleukins could impact CYP27B1 activity — IL-1, IL-2, and IL-15 are inducers, whereas IL-4 is a suppressor. Thus,
hypercalcemia often occurs in granulomatous diseases, such as sarcoidosis and lymphomas (Bartonkova et al., 2018; Noyola-Martinez
et al., 2014).

The active form of vitamin D is not permanent. Every chemical compound in the human body undergoes catabolic processes,
turning it into inactive forms and evicted from the system. CYP24A1 and CYP3A4 are both main enzymes, which catylyst 24(23)-
hydroxylation of [1,25(OH)2D]. CYP24A1 is the dominant 24-hydroxylase in most tissues, but CYP3A4, a highly expressed protein in
liver and intestinal tissues, plays a big role. Both enzymes have 24-hydroxylase and 23-hydroxylase activity, but the proportions of
these two are specific for each species (Ketha et al., 2018; Tuckey et al., 2019). Nevertheless, we shouldn’t label CYP3A4 as a pure
catabolic enzyme, as [1,24,25(0OH)3D2/3] maintains some affinity to VDR - about 10% of [1,25(OH)2D].

Furthermore, [24,25(0OH)2D2/3], which is also commonly treated as an inactive form, can bind to specific G-protein-coupled
membrane receptors, usually expressed in bones and skin, and can play a crucial role in fracture repair (Martineau et al., 2018).
CYP24A1 is upregulated by [1,25(0OH)2D], fibroblast growth factor 23 (FGF23), calcium, and also by 5a-dihydrotestosterone via
progesterone receptor, which explains the higher frequency of osteoporosis in the post-menopausal population of women (Lee et al.,
2018).

3.3. Mechanism of action

Vitamine D acts mainly via VDR, with [1,25(OH)2D] as the primary ligand. VDR is a transcription factor found in nearly all cells, which
results in vitamin D participation in many cellular processes, especially the regulation of intestinal calcium absorption. Researchers
have recently identified 11,031 genes influenced by VDR activity, including 43% involved in metabolism, 19% in cell and tissue
morphology, 10% in cell junction and adhesion, 10% in differentiation and development, 9% in angiogenesis, and 5% in the epithelial-
to-mesenchymal transition. Despite VDR acting mainly as a transcription factor, it has also been shown to have nongenomic actions via
its location in the plasma membrane and mitochondria (Bouillon et al., 2019; Saccone et al., 2015).

Every cell in the body has a different regulation of VDR expression. The most critical factor that regulates VDR expression is
[1,25(0OH)2D] - for example, it influences VDR presence in bone cells but not in the intestine. Many other factors, such as growth
factors, insulin, PTH, glucocorticoids, estrogen, and retinoic acid, act through various transcription factors and regulate VDR
expression. Calcium upregulates VDR expression in the parathyroid gland through its calcium-sensing receptor. On the other hand,
SNAIL 1 and 2 (SLUG) downregulate VDR expression in several cell lines (Carlberg, 2017).

3.4. Vitamin D influence to body tissues
The effect of vitamin D on individual body systems was shortly summarized in Table 1. Each point has been developed in detail below

in the following paragraphs.

Table 1: summary of most important vitamin D influence to body parts

Body system Effects of Vitamin D
Regulates calcium and phosphate metabolism; essential for bone
Skeletal System mineralization and preventing rickets/osteomalacia (Bouillon et al.,
2019).

Modulates innate and adaptive immunity; suppresses
Immune System ) . .
proinflammatory cytokines (Hewison, 2010).

Regulates expression of renin and other cardiovascular genes;
Cardiovascular System deficiency linked to hypertension and cardiac hypertrophy (Latic &
Erben, 2020).

Promotes muscle cell differentiation and function; deficiency causes
Muscular System muscle weakness, especially in infants and elderly (Bollen et al.,
2022).
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Topical and systemic effects in conditions like psoriasis and
Skin potentially protective against UV-induced DNA damage (Kechichian
& Ezzedine, 2018).

Reproductive System (Pregnancy) Reduces risk of pre-eclampsia (Fogacci et al., 2020).

Reduces inflammation and supports mucosal immunity in Crohn’s

Gastrointestinal System .
disease (Wu et al., 2010).

Antiproliferative effects was shown in lab studies (Mufoz & Grant,

Oncology 2022)

3.5. Calcium and phosphate metabolism

Vitamin D is best known for its role in regulating calcium and phosphate metabolism. [1,25(OH)2D], PTH and FGF23, forms a
triumvirate that tightly regulates serum-ionized calcium concentrations and phosphate homeostasis. Maintaining serum levels of
ionized calcium is crucial for a range of physiological functions, including enzyme activity, hormone production, intestinal calcium
absorption, DNA repair, mitochondrial energy production, and the mineralization and structural integrity of the skeleton (Kagi et al.,
2018; Kroll et al., 2015). Blood calcium balance relies on three coordinated actions which is increased intestinal absorption of calcium,
osteoclast-mediated release of calcium from bone, and reduced renal excretion. Together with osteoblast activity, these processes
support bone mineralization and remodeling, keeping serum calcium and phosphate within physiological range. Calcitriol regulates
intestinal fractional calcium absorption in local cells, thereby affecting the concentrations of calcium-binding proteins, such as
calbindin. Furthermore, circulating parathyroid hormone (PTH) and calcitriol regulate serum ionized calcium levels by influencing the
expression of genes such as CYP2R1, which encodes 25-hydroxylase, and CYP24A1, which encodes 24-hydroxylase. In turn, ionized
calcium levels affect both the synthesis and release of PTH as well as the activity of 24-hydroxylase. Consequently, vitamin D
deficiency disrupts calcium homeostasis and phosphate metabolism at many independent stages — chronic hypovitaminosis D can
delay skeletal maturation and calcification, leading to the accumulation of unmineralized bone tissue known as osteoid, which presents
clinically as rickets in children and osteomalacia in adults (Dahlquist et al., 2015; Mark et al., 2016; Wacker & Holick, 2013).

3.6. Vitamin D effects beyond the skeletal system

3.6.1. Pregnancy

Although best known for its role in calcium and phosphate metabolism, vitamin D is a multipotent hormone involved in numerous
molecular pathways essential for maintaining homeostasis. Sufficient vitamin D serum level lowers pre-eclampsia risk, whereas

impaired vitamin D metabolism in trophoblasts and placental endothelial cells increases that risk (Ma et al., 2012).

3.6.2. Skin

Despite the plethora of preclinical data and randomized clinical trials regarding vitamin D and skin cell interaction, it remains
speculative whether vitamin D deficiency contributes to the development of cutaneous diseases in humans or is merely a marker of
illness or inflammatory status. Three primary study directions involve psoriasis, skin cancer, and balding (Autier et al., 2014).

Studies are still investigating the relationship between vitamin D and psoriasis. Psoriasis pathogenesis consists of increased
proliferation and decreased final differentiation of keratinocytes, and inflammation contributes to clinical expression. Although long-
term studies showed no association between vitamin D intake and psoriasis, some data suggest improving the clinical course of
psoriasis during oral calcitriol therapy (Merola et al., 2014). Moreover, topical application of [1,25(OH)2D] or analogs to psoriasis
plaques could have beneficial effects — with safety and efficacy compared to topical corticosteroid therapy without side effects of
corticosteroids (Soleymani et al., 2015).

Vitamin D influence on skin cancer is still ambiguous. UVB light, responsible for vitamin D synthesis in skin cells, is carcinogenic.
On the other hand, vitamin D metabolites display anticarcinogenic activities, serving as key factors in DNA damage repair (De Haes et
al., 2005; Tongkao-On et al., 2013). Numerous studies have investigated the link between vitamin D intake and nonmelanoma skin
cancer (NMSC) and found an inverse association between [1,25(0OH)2D] serum levels and NMSC incidence (Tang et al.,, 2010).
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However, another study showed that keeping [1,25(0OH)2D] serum levels above a certain threshold is associated with an increased risk
of NMSC (Asgari et al., 2010).

Regarding the relationship between vitamin D and melanoma, there is evidence of a protective effect of [1,25(OH)2D], but UV
radiation—the main source of vitamin D—is mutagenic. In recent studies, low-dose vitamin D and calcium supplementation have
shown no difference in melanoma incidence compared to a placebo during a 7-year follow-up (Tang et al., 2011).

Balding, despite being non-lethal, is also a concerning condition, affecting especially mental health. A cross-sectional study of 296
healthy men showed no association between the severity and extent of baldness and serum[1,25(0OH)2D] levels. Furthermore,

calcipotriol failed to improve alopecia in patients with scalp psoriasis (Bolland et al., 2008).

3.6.3. Muscles

The expression of VDR in muscles is still ambiguous topic (Girgis et al., 2013; Wang & DeLuca, 2011). [1,25(OH)2D] has apparent
antiproliferative effects on cultured muscle cells and regulates muscle cell maturation, which prevents hypertrophy and fibrosis,
especially in heart muscle. However, vitamin D deficiency is associated with muscle weakness and cardiomyopathy in infants —
particularly in patients with congenital absence of CYP27B1 or severe renal osteodystrophy, followed by rapid improvement after
administering vitamin D in such patients (Bouillon et al., 2019). Different studies have shown that treatment with 800 IU of vitamin D
daily in elderly, D-deficient individuals reduces body sway and falling incidents (Cangussu et al., 2016; Lips et al., 2010). Nevertheless,
overdosing on vitamin D supplementation may increase the risk of falling and fracture (Bischoff-Ferrari et al., 2016; Sanders et al.,
2010).

3.6.4. Immunity

The immune system comprises two primary yet interacting forms of immunity: adaptive and innate. At the same time, cells specialized
in antigen presentation initiate adaptive immunity. Almost every cell of the immune system, including epithelial cells, expresses VDR
and CYP27B1. However, the regulation of CYP27B1 differs from that in the kidney, as it’s insensitive to PTH and FGF23, [1,25(OH)2D]
and calcium. Thus, it undergoes regulation by TNFa and IFN v (Gyetko et al., 1993). Moreover, several of these cells express CYP2R1
and at least theoretically can produce [1,25(0OH)2D] from circulating vitamin D (Bikle, 2009; Liu et al., 2007). [1,25(OH)2D] slows the
maturation of dendritic cells (DC) and decreases their ability to present antigens. By suppressing IL-12, IL-23, and IL-6 production,
vitamin D reduces Th1 and Th17 cells. Consequently, the recruitment and proliferation of T cells is impaired (Daniel et al., 2008).

Most studies have found inverse correlations between [1,25(OH)2D] serum level and autoimmune diseases such as multiple
sclerosis, type 1 diabetes, Crohn’s disease, rheumatoid arthritis, lupus, and Graves-Basedow thyroiditis (Knip et al., 2010; Lee & Bae,
2016). Vitamin D and the relation to immunity influence infections. Vitamin D deficiency increases the risk of infectious diseases,
particularly those of the upper respiratory tract, a phenomenon recognized since the 19th century, as sunlight exposure was a common
form of tuberculosis treatment (White, 2008). Besides tuberculosis, vitamin D supplementation has been shown to prevent infections,
such as seasonal influenza and ear infections (Camargo et al., 2012).

Vitamin D regulates immunity by helping to prevent infectious diseases and mitigate autoimmune diseases, especially in patients
with inflammatory bowel disease (IBD), particularly those with Crohn’s. Vitamin D deficiency is common among patients with CD,
which results in a combination of chronic inflammation, intestinal malabsorption of vitamin D, and lifestyle. Although the correlation
between vitamin D and IBD has been known for a long time, the mechanism by which it works at the cellular level remains unclear.

Recent studies have shown that the gene encoding the pattern recognition receptor NOD2 targets [1,25(OH)2D]. NOD2 signalling
pathway mutations contribute strongly to CD development (White, 2018). Moreover, downstream signalling of NOD2 activates
transcription of gene DEB4/HBD?2, which is responsible for the antimicrobial peptide strongly correlated with CD susceptibility, which
is the direct target of the VDR (Stefanic et al., 2013). In a large prospective cohort, women whose predicted serum 250HD reached 75
nmol/L had a multivariate-adjusted HR of 0.38 (95% CI, 0.15 to 0.97) for developing CD compared with those whose levels were below
50nmol/L. (Ulitsky et al., 2011).

3.6.5. Cardiovascular system
Vitamin D signaling regulates key cardiovascular genes, including renin, plasminogen activator inhibitor (PAI), and thrombomodulin.
Preclinical studies have shown that [1,25(OH)2D] benefits endothelial, smooth muscle, and cardiac muscle cells. Hence, Vdr-null and

Cyp27bl-null mice develop high-renin hypertension and cardiac hypertrophy, probably due to the downregulation of renin by
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[1,25(OH)2D]. Observational studies documented an inverse relationship between vitamin D status and cardiovascular risk, adjusting
for other risk factors such as BMI, chronic kidney disease, hypertension, diabetes, and smoking. Prevalence of heart failure and
peripheral arterial diseases appears among patients with lower [1,25(OH)2D] values (Wang et al., 2012). Despite the promising results
of observational studies, intervention studies are less convincing. A meta-analysis did not show a significant effect of oral vitamin D
supplementation on cardiovascular risk factors such as lipids, hyperglycemia, and high blood pressure. Subsequently, only patients
with hypovitaminosis may likely benefit from vitamin D supplementation. It is also noteworthy that excess vitamin D could have
severe adverse effects on the cardiovascular system, such as vascular calcification, organ failure, and even death (Jorde et al., 2010;
Pittas et al., 2010).

Moreover, various glands, including pancreatic islets and parathyroid cells, express CYP2B1, suggesting that [1,25(0OH)2D] plays a
vital role in autocrine or paracrine signalling in peripheral target cells (Rondini et al., 2015).

3.6.6. Oncology
Researchers first linked vitamin D to cancer in 1979, when they discovered the VDR receptor in a breast cancer cell line. Later,
researchers confirmed that many cancer cell lines and tissues contain VDR receptors, leading them to conclude that VDR is not only a
marker of malignancy but may also play a crucial role in carcinogenesis. Moreover, CYP27B1 is also expressed in many cancer cell lines
in higher concentrations than in neighbouring tissues (Eisman et al., 1979). [1,25(OH)2D] has been proven to have an antiproliferative
impact on cancer and normal cells by inhibiting the cell cycle at the G1 stage. Inspired by this fact, numerous trials were conducted to
determine the optimal ratio between antiproliferative effects and calcemic effects. Unfortunately, most of them were disappointing
because cancer cells lost VDR expression before the antiproliferative effect had a chance to take effect. As adjuvant treatments, active
vitamin D metabolites, and analogs have been tested in clinical trials. Hence, hypercalcemia limits the efficacy of those trials (Bikle,
2011).

In addition to the well-documented link between sun exposure and skin cancers (melanoma, NMSC), researchers also investigated
a similar association with other types of cancer. In 1980, studies showed that populations with lower solar radiation had higher rates of
mortality from colon cancer. Later, more similar discoveries were made. However, the results were often controversial. Nevertheless,
the association between colon cancer and low vitamin D status is relatively consistent (Mondul et al., 2017). A systematic review carried
out in 2013 concluded that chronic sun exposure was responsible for reduced colorectal, breast, and prostate cancers, as well as non-
Hodgkin’s lymphoma. Interestingly, prostate cancer risk and serum [1,25(OH)2D] level have shown a U-shaped curve with increased
risk for lower and higher concentrations (van der Rhee et al., 2013). Despite promising results from some preclinical and observational
studies, RCTs did not bring such positive outputs. Nine out of ten ~RCTs did not show a beneficial influence of vitamin D
supplementation in reducing cancer incidence. Therefore, vitamin D supplementation cannot be recommended for primary prevention

of cancer (Bouillon et al., 2019).

3.7. Summary

Vitamin D is now seen as a hormone with many functions. It controls several biological processes through its active form, 1,25(OH).D.
This form exerts its effects by binding to the vitamin D receptor (VDR), present in numerous body tissues. The paper explains how
vitamin D is synthesized and metabolized in the body. It highlights essential enzymes like CYP27B1 and CYP24Al. It also shows how
cytokines and hormones affect vitamin D activity. Vitamin D does more than support bone health. It helps regulate the immune
system, protects the heart, and supports muscle function. These roles may have medical benefits. The review primarily focuses on the
relationship between vitamin D and cancer. It looks at breast, prostate, lung cancer, and multiple myeloma. Lab studies and
observational research suggest that vitamin D might help prevent cancer. However, clinical trials have had mixed results. Because of
this, vitamin D is not recommended to avoid cancer for everyone. Still, it may help people who are at high risk or have low vitamin D
levels. The review encourages a more personalized approach. The use of vitamin D in cancer care should be based on solid evidence

and patient needs. Safety and possible benefits should always be considered.

4. CONCLUSIONS

Researchers now view vitamin D as more than a regulator of calcium and phosphate; it acts as a pleiotropic hormone. The skin, liver,
and kidneys synthesize and metabolize vitamin D, then calcitriol activates vitamin D receptors in target cells. Calcitriol modulates

numerous cellular pathways, including immune responses, cardiovascular function, and skeletal muscle maintenance. Recent studies
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link vitamin D signaling to carcinogenesis. Preclinical data show that calcitriol inhibits cell proliferation, promotes differentiation, and

shapes antitumor immunity in breast, prostate, and colon cancers. Observational cohorts support these anticancer effects. Randomized

clinical trials, however, report mixed results, which prevent the development of firm clinical guidelines. Future investigators will likely

design personalized supplementation protocols that consider baseline 25-hydroxyvitamin D levels, individual risk factors, and tumor

biology.
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