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ABSTRACT

Introduction: Vitamin D holds a crucial role in the pathogenesis of inflammatory bowel
diseases (IBD), including Crohn’s disease (CD) and ulcerative colitis (UC). Its mechanisms of
action involve immune system modulation, specifically by reducing the production of pro-
inflammatory cytokines, such as IL-6 and TNF-a, while enhancing the levels of anti-
inflammatory cytokines, such as IL-10. Furthermore, vitamin D contributes to the
maintenance of intestinal barrier integrity by strengthening epithelial tight junctions. It also
exerts a beneficial influence on the intestinal microbiota, promoting the proliferation of
beneficial bacterial species, such as Faecalibacterium prausnitzii, which play a role in
mitigating disease relapses and sustaining immune homeostasis. Although vitamin D
supplementation demonstrates potential in reducing inflammation and improving clinical

outcomes, the observed effects remain varied and require further investigation.

Aim: The purpose of this study was to analyze the mechanisms of action of vitamin D in the
context of the pathogenesis of inflammatory bowel disease (IBD) and its potential therapeutic
applications, with particular emphasis on clinical studies evaluating vitamin D

supplementation.

Material and methods: The data was analyzed from peer-reviewed articles available in the
PubMed and JoEHaS databases, covering research on the study topic from the past seven
years. Particular focus was given to publications emphasizing the role of vitamin D in the
pathomechanism of inflammatory bowel diseases, with priority placed on its significance in

immune system regulation and its impact on the intestinal microbiome.

Conclusion: Vitamin D plays a significant role in the pathogenesis of inflammatory bowel
diseases (IBD), including Crohn's disease (CD) and ulcerative colitis (UC). A deficiency of
this vitamin is associated with an increased risk of disease activity, a higher frequency of
relapses, and a worse clinical outcome. Vitamin D, acting through the VDR receptor,
regulates immune mechanisms, promotes intestinal barrier function, and positively influences
the intestinal microbiota, which can mitigate inflammation and improve the overall course of
the disease. Further research is required to ascertain the potential therapeutic benefits of
vitamin D supplementation in IBD. In particular, there is a need to optimize vitamin D

supplementation strategies, including the determination of the optimal dosage, forms of



administration for IBD patients. The formulation of precise therapeutic recommendations and
the determination of the long-term effects of supplementation could facilitate improvements
in patients' quality of life and the efficiency of treatment for these chronic inflammatory

diseases.
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1. Introduction

Vitamin D, although traditionally classified as a vitamin, functions in the body as a fat-soluble
steroid hormone and exists primarily in two forms: vitamin D2 (ergocalciferol) and vitamin
D3 (cholecalciferol). Vitamin D2 is derived primarily from plant sources, including sun-dried
mushrooms and yeast, whereas vitamin D3 is obtained from animal products, such as fatty
fish, or is synthesized in the skin upon exposure to ultraviolet B (UVB) radiation [1, 2]. The
majority of vitamin D in the human body originates from D3, which is produced through the
conversion of 7-dehydrocholesterol, a cholesterol derivative, into previtamin D3 and
subsequently into vitamin D3 under the influence of UVB radiation [1,2]. A number of factors,
including age, skin pigmentation, sunscreen use, geographical location, and seasonal
variations, have been demonstrated to significantly impact the cutaneous synthesis of vitamin
D. Studies have shown that older individuals and those with darker skin produce less vitamin
D under the same UVB exposure [3, 4]. Furthermore, the use of sunscreen and reduced
sunlight availability during winter months or at higher latitudes have been demonstrated to
significantly decrease vitamin D synthesis. The production of vitamin D is more effectively

stimulated by brief, frequent exposure to sunlight than by prolonged, infrequent exposure [2].

In the human body, vitamin D3 binds to vitamin D-binding protein (VDBP) in the
bloodstream, where it undergoes two hydroxylation steps to become biologically active. The
initial conversion of vitamin D3 to 25-hydroxyvitamin D [25(OH)D], the primary circulating
form of the vitamin, is mediated by the cytochrome P450 enzyme CYP2RI1 in the liver. The
second hydroxylation step occurs in the kidneys, where the enzyme 1la-hydroxylase

(CYP27B1) converts 25(OH)D into its active form, 1,25-dihydroxyvitamin D [1,25(OH).D],



also known as calcitriol. This active form of vitamin D binds to the vitamin D receptor (VDR),
which is expressed in various tissues, including the skin, intestines, and immune cells. This

binding regulates the expression of over 1,000 genes essential for cellular processes [1, 4].

The metabolism of vitamin D is subject to strict regulation through feedback mechanisms,
with parathyroid hormone (PTH) and fibroblast growth factor 23 (FGF23) serving as pivotal
mediators. PTH stimulates the production of active vitamin D in response to hypocalcemia,
whereas FGF23 inhibits CYP27B1 activity, thereby regulating phosphate levels and
preventing excessive vitamin D activation. In conclusion, both 25(OH)D and 1,25(OH).D are

metabolized into calcitriol, which is excreted via the kidneys or bile [5].

2. Multidirectional effects of vitamin D

2.1.  Role in phosphate-calcium metabolism

Vitamin D plays a pivotal role in calcium and phosphate metabolism, facilitating the
absorption of these minerals in the intestines and bone mineralization. It facilitates the
formation of osteoclasts, which are responsible for bone resorption, and preserves the
equilibrium of minerals essential for skeletal health [6]. In this process, the active form of
vitamin D, 1,25-dihydroxycholecalciferol (calcitriol), acts through the vitamin D receptor
(VDR), which regulates the expression of genes related to calcium transport in intestinal
epithelial cells. Calcitriol has been demonstrated to enhance the synthesis of proteins,
including calbindin-D9k and calbindin-D28k, which are instrumental in the transport of
calcium by enterocytes into the bloodstream. Additionally, vitamin D induces calcium
ATPase activity, facilitating the efficient removal of calcium from the cell into the

bloodstream.

The calcium-phosphate balance controlled by vitamin D affects many body systems. In
addition to bone health, vitamin D modulates the function of the nervous, cardiovascular and
immune systems. Disruption of this balance can lead to serious complications such as

hypocalcemia and increased risk of fractures[7, 8].



2.2. Immunomodulatory activity of vitamin D

Vitamin D (VD) has been demonstrated to possess notable immunomodulatory properties,
influencing both innate and adaptive immunity. Its active form, 1,25-dihydroxyvitamin D
[1,25(0OH)2D], binds to the vitamin D receptor (VDR), which is present in numerous cells of
the immune system, including macrophages, dendritic cells (DCs), and lymphocytes. VDR
activation regulates gene transcription, which plays a pivotal role in maintaining immune
equilibrium and preventing the inflammatory processes characteristic of autoimmune

disorders such as inflammatory bowel disease (IBD) [9, 10].

2.3. The function of vitamin D in innate immunity

With regard to innate immunity, vitamin D has been demonstrated to stimulate the production
of antimicrobial peptides, including cathelicidin (CAMP) and defensin 2 (DEFB4). These
peptides demonstrate a broad spectrum of antimicrobial activity, thereby enhancing mucosal
immunity. Moreover, the activation of TLR2/1 receptor heterodimers has been demonstrated
to increase VDR expression and intensify the production of antimicrobial peptides, thereby

enhancing the immune response against infection [11].

Vitamin D also promotes the expression of pathogen recognition receptors, such as NOD2,
which increases the sensitivity of the immune system to microbial ligands and supports the
transcription of CAMP and DEFB4. As a result, the body eliminates pathogens more
effectively. Moreover, vitamin D reduces hepcidin expression, limiting iron availability,

which prevents the growth of microorganisms that depend on iron metabolism [9, 10, 11].
2.4. The function of vitamin D in acquired immunity

With regard to acquired immunity, vitamin D affects the differentiation of dendritic cells
(DCs), promoting their tolerogenic phenotype. This reduces the ability of DCs to stimulate T
lymphocytes and produce pro-inflammatory cytokines such as IL-12. Vitamin D alters the
response profile of T lymphocytes, reducing the activity of Th1l lymphocytes, responsible for
the pro-inflammatory response, and promotes the development of Th2 lymphocytes, which

secrete anti-inflammatory cytokines such as IL-4 [9, 12].



Furthermore, vitamin D has been demonstrated to stimulate the production of regulatory T
cells (Treg), which play a pivotal role in suppressing excessive immune responses and
maintaining immune tolerance [12]. It also modulates cytokine production by increasing
levels of IL-10, which is known for its anti-inflammatory properties, while simultaneously
inhibiting the secretion of pro-inflammatory cytokines such as TNF-a and IFN-y. By virtue of
these mechanisms, vitamin D mitigates the likelihood of chronic inflammation, which is a
fundamental underlying factor in numerous autoimmune and inflammatory diseases,

including IBD [10].

2.5. The role of vitamin D in maintaining the integrity of the intestinal
epithelial barrier and in regulating the composition of the intestinal

microbiota

Vitamin D plays a pivotal role in maintaining the integrity of the intestinal barrier and
modulating the composition and functionality of the intestinal microbiota, which is crucial in

the context of inflammatory bowel disease (IBD) and other gastrointestinal disorders.

The intestinal barrier serves to separate the internal and external environments of the body,
thereby protecting the host from antigens and harmful bacteria. A deficiency in this function
can result in increased intestinal permeability, which in turn may lead to heightened
inflammation and immune responses. Vitamin D exerts its beneficial effects on the intestinal
barrier by regulating the expression of tight junction proteins, including claudins, occludins,
and zonula occludens (ZO). These proteins prevent the passage of water and substances
through the epithelium, thereby preserving its integrity. A deficiency in vitamin D has been
linked to a reduction in the expression of these proteins, which in turn leads to a weakening of
the intestinal barrier [1, 13]. Moreover, vitamin D facilitates mucus production, which
safeguards epithelial cells from direct contact with intestinal contents, thereby reducing the

likelihood of bacterial invasion and immune system activation [13].

Another mechanism of action of vitamin D is its capacity to regulate zonulin, a protein that is
responsible for loosening tight junctions. Vitamin D has been demonstrated to reduce the
expression of zonulin, which serves to further stabilize the intestinal barrier and prevent its

damage [13]. Additionally, experimental studies have demonstrated that vitamin D provides



protection for the epithelium from chemical damage, including that induced by dextran

sodium sulfate (DSS) and pro-inflammatory cytokines, such as TNF-a [14].

In the context of the intestinal microbiota, vitamin D plays a pivotal role in regulating its
composition and function. One of the defining characteristics of IBD is dysbiosis, or
microbial imbalance. This is evident in conditions such as Crohn's disease (CD) and
ulcerative colitis (UC). Vitamin D facilitates the proliferation of beneficial bacterial species,
including Faecalibacterium prausnitzii and Lactobacillus, which are responsible for the
production of short-chain fatty acids (SCFAs), such as butyrate. Short-chain fatty acids
(SCFAs) have been demonstrated to support intestinal barrier function and exhibit anti-
inflammatory effects [2]. Concurrently, vitamin D diminishes the prevalence of pathogenic
microorganisms, including Enterobacteriaceae and  Fusobacterium, which are

disproportionately represented in individuals with IBD [14].

Furthermore, vitamin D has been demonstrated to stimulate the production of antimicrobial
peptides, including cathelicidin and defensin 3. These peptides have been shown to directly
attack harmful bacteria, preventing their overgrowth and promoting microbial balance within

the intestine [13].

3. Pathomechanism of inflammatory bowel diseases

Inflammatory bowel diseases (IBDs), which include Crohn's disease (CD) and ulcerative
colitis (UC), are chronic, recurrent conditions that are characterized by inflammation of the
gastrointestinal tract. The pathogenesis of these diseases is multifactorial, resulting from a
complex interaction of genetic predisposition, environmental factors, immune system

dysregulation, and disruption of the intestinal microbiota [15].

Genetic factors are integral to the molecular mechanism of IBD. The NOD2 gene, which
plays a pivotal role in microbial pattern recognition and the activation of the immune response,
is of particular significance. Mutations in this gene impair the ability to regulate intestinal
bacteria, which promotes inflammation, particularly in the ileum in CD. The IL-23R genes,
which regulate pro-inflammatory pathways, and ATG16L1, which plays a key role in
autophagy, are also of great importance in this context, as they highlight the molecular

complexity of IBD. Additionally, epigenetic mechanisms have been demonstrated to exert an



influence on the pathogenesis of IBD [13, 14]. Abnormal DNA methylation and histone
modifications, such as those observed in the IL-13 and CXCL5 genes, alter immune responses
and the integrity of the intestinal barrier, thereby increasing susceptibility to inflammation

[14].

Environmental factors also exert a significant influence on the pathogenesis of inflammatory
bowel disease. A diet that is high in fats and refined sugars, in accordance with Western
dietary patterns, has been demonstrated to result in disruption of the intestinal microbiota and
the promotion of inflammatory processes. Furthermore, smoking has been demonstrated to
augment intestinal permeability and impair immune regulation, thereby exacerbating the
course of Crohn's disease (CD). The hypothesis that urbanization and limited exposure to
microorganisms in early childhood may result in an excessive immune response in later life,
thereby increasing the risk of inflammatory bowel disease, is known as the hygiene
hypothesis [13]. These environmental factors, in conjunction with genetic predisposition,
disrupt the microbial equilibrium of the intestine, which is vital for maintaining

gastrointestinal homeostasis [16].

A reduction in microbial diversity, clinically defined as dysbiosis, is a hallmark of
inflammatory bowel disease (IBD). Patients with IBD exhibit decreased levels of beneficial
bacteria, including Faecalibacterium prausnitzii, which inversely correlate with the severity of
inflammation and the risk of relapse. A disruption of the microbiota affects immune
regulation and epithelial barrier function, thereby allowing bacteria to penetrate the mucosa
and induce chronic activation of the immune system [16, 17]. The intestinal barrier,
comprising closely interlinked epithelial cells, mucus layers, and immune system components,
plays a pivotal role in averting inflammation. Environmental factors and genetic variants can
compromise the integrity of the intestinal barrier, facilitating the penetration of antigens and

the subsequent stimulation of an immune response [18, 19].

IBD also demonstrates dysregulation of the immune system, manifested by the overactivation
of the type 1 (Thl) and type 17 (Th17) helper T-cell pathways. These pathways generate
cytokines, including TNF-a, IL-6, and IL-17, which perpetuate the inflammatory response.
Furthermore, the impaired function of regulatory T cells (Treg) presents a challenge in

maintaining equilibrium between pro-inflammatory and anti-inflammatory responses [17].



4. The impact of vitamin D on the progression of inflammatory bowel diseases

Inflammatory bowel diseases (IBD) are defined by chronic inflammation, with alternating
periods of exacerbation and remission. Vitamin D plays a pivotal role in maintaining immune
system homeostasis, particularly at the intestinal level, and exerts a pronounced influence on
the pathogenesis of these diseases [6]. The integrity of the intestinal epithelium, which
represents the initial line of defense against pathogens, is largely dependent on the presence of
vitamin D. Studies have demonstrated that the absence of the vitamin D receptor (VDR) in
intestinal epithelial cells is associated with increased colonic inflammation, worsened

apoptosis, and augmented Th1l and Th17-type immune responses [20].

Dysbiosis of the intestinal microbiota is a prevalent phenomenon among individuals
diagnosed with inflammatory bowel disease (IBD). Patients with Crohn's disease (CD)
demonstrate a reduction in the Firmicutes phylum, including Faecalibacterium prausnitzii, and
an increase in Proteobacteria and Bacteroidetes. In contrast, the microbiota of UC patients is
distinguished by a paucity of butyrate-producing bacteria and an elevated ratio of Bacteroides
fragilis to Faecalibacterium prausnitzii, which mitigates the anti-inflammatory response [20].
Vitamin D supplementation has been demonstrated to influence the composition of the
microbiota, enriching it with bacteria such as Megasphaera and Lactobacillus in CD patients

and Enterobacteriaceae in UC patients. This may contribute to an improved disease course.

Vitamin D plays a pivotal role in modulating the immune response, influencing a shift from a
pro-inflammatory (Thl, Th17) to an anti-inflammatory (Th2, Treg) profile. This process
entails the inhibition of pro-inflammatory cytokine production (e.g., IL-2, IFN-y, TNF-a, IL-
17, IL-21) and the stimulation of anti-inflammatory cytokine expression (e.g., [IL-4, IL-5, IL-
10). Additionally, vitamin D interacts with the Wnt/B-catenin signaling pathway, which plays
a pivotal role in inflammatory processes. It inhibits the activity of this pathway, thereby
reducing inflammatory reactions and promoting regeneration of damaged tissues in IBD

[20, 21].
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5. The impact of vitamin D deficiency on the progression of inflammatory bowel

diseases

A number of studies have indicated that vitamin D deficiency may be a significant
contributing factor in the development of autoimmune intestinal diseases, potentially
influencing the intestinal microbiota and immune system. This process is complex and
multifactorial in nature. Genetic predisposition can influence vitamin D activity, impact
intestinal barrier function, and regulate the level of basal immune activation [22]. Vitamin D
deficiency results in impaired tightness of the intestinal mucosal barrier, increasing its
permeability and thereby promoting excessive immune system activation. In conjunction with
disruption of the intestinal microbiota, low levels of vitamin D facilitate the penetration of
microorganisms through the damaged epithelium and their interaction with the host immune

system, which can ultimately lead to the development of autoimmunity.

Vitamin D deficiency and impaired receptor signaling (VDR), resulting from insufficient
dietary vitamin D supply or genetic defects, can disrupt both the structural and functional
integrity of the intestinal barrier. This results in bacterial penetration into the deeper layers of
the intestine, which in turn stimulates an inflammatory response. In addition to its role in
maintaining intestinal barrier function, vitamin D has been demonstrated to influence the

activity of immune cells [22].

It is important to note, however, that vitamin D deficiency alone is an inadequate explanation
for the development of autoimmunity. Vitamin D serves as a modulating factor for other
predispositions, including genetic polymorphisms in the VDR gene, metabolic abnormalities,
abnormal intestinal barrier function, and the influence of environmental and dietary factors. In
conclusion, the development of autoimmunity is the result of a complex interplay between
genetic predisposition and non-genetic environmental factors. Vitamin D deficiency may play
a significant role in the exacerbation of existing predispositions through its effects on the

microbiota, intestinal epithelial integrity, and immune system regulation.
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6. The potential benefits of vitamin D supplementation in the management of

inflammatory bowel diseases (IBD).

The potential benefits of vitamin D supplementation in the context of inflammatory bowel
disease (IBD) have been the subject of numerous clinical trials. These studies have
demonstrated that vitamin D can influence the course of the disease and reduce inflammation.
The results demonstrate the various applications of vitamin D in the treatment of patients with

Crohn's disease (CD) and ulcerative colitis (UC) [2].

A negative correlation has been demonstrated between serum 25(OH)D levels and disease
activity. One study observed that patients with Crohn's disease (CD) and ulcerative colitis
(UC) who exhibited higher vitamin D levels demonstrated a reduction in clinical disease
activity, as evaluated by indices such as the Crohn's Disease Activity Index (CDAI) and the
Mayo Score. A correlation was observed between low vitamin D levels and a more severe
disease course, as well as an elevated risk of relapse. The administration of vitamin D has
been demonstrated to be efficacious in the reduction of inflammatory markers, including C-
reactive protein (CRP) and calprotectin, thereby substantiating its anti-inflammatory

properties [23].

Furthermore, research has demonstrated that vitamin D exerts a beneficial impact on the
intestinal microbiota of patients diagnosed with Crohn's disease (CD) and ulcerative colitis
(UC). In patients with CD, four weeks of supplementation resulted in an enrichment of the
microbiome with beneficial bacteria, including Megasphaera and Lactobacillus. In contrast,
patients with UC exhibited an increase in Enterobacteriaceae following eight weeks of

supplementation [24].

The potential efficacy of vitamin D supplementation in reducing relapse rates is a topic of
ongoing investigation. However, the results of these studies are inconclusive due to the
heterogeneity of the studies in terms of doses, forms of administration, and duration of
intervention. Furthermore, research suggests that vitamin D may enhance the efficacy of
biologic therapies, such as anti-TNF-a antibody treatment. Patients with normal vitamin D
levels demonstrated a greater likelihood of achieving remission and a reduced incidence of
primary loss of response to treatment, suggesting a potential synergistic effect of vitamin D in

conjunction with biologic therapies [25].
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It is recommended that vitamin D levels be monitored in patients with inflammatory bowel
disease (IBD) and that supplementation be provided in cases of deficiency. A dosage of 2,000
IU or more has been demonstrated to be efficacious in elevating vitamin D levels above 30
ng/ml, thereby facilitating improvements in inflammatory parameters such as CRP and fecal

calprotectin, and reducing intestinal permeability.

In conclusion, the results of clinical trials indicate that vitamin D may play an important
role in modifying the course of IBD by reducing inflammation, improving intestinal barrier
integrity and modulating the microbiota. Nevertheless, the inconsistency of findings and the
necessity for standardisation of clinical trial protocols highlight the requirement for further

investigation in this field [26, 27].

Conclusions

A review of the literature indicates that vitamin D supplementation is a promising avenue for
understanding the pathogenesis and potential treatment of inflammatory bowel diseases (IBD),
including Crohn's disease (CD) and ulcerative colitis (UC). A paucity of vitamin D has been
demonstrated to be significantly associated with elevated disease activity, increased frequency
of relapses and diminished clinical outcomes, including an elevated risk of hospitalisation and
the necessity for surgical interventions. Vitamin D, via the vitamin D receptor (VDR),
modulates pivotal immune functions, reducing the synthesis of pro-inflammatory cytokines
such as IL-6 and TNF-0, while enhancing the production of anti-inflammatory cytokines such
as IL-10. Furthermore, it reinforces the structure of tight junctions in the intestinal epithelium,
thereby reducing the permeability of the intestinal barrier and preventing damage and the

subsequent development of inflammation.

It has been demonstrated that vitamin D supplementation can result in a reduction in
inflammatory markers, including C-reactive protein (CRP) and faecal -calprotectin.
Additionally, it has been shown to modulate the composition of the intestinal microbiota by
promoting the growth of beneficial bacteria, such as Faecalibacterium prausnitzii. In patients
with Crohn's disease (CD) and ulcerative colitis (UC), higher serum 25-hydroxyvitamin D
(25(OH)D) levels have been observed to correlate with reduced clinical disease activity, as
assessed by indices such as the Crohn's Disease Activity Index (CDAI) and the Mayo Score,

as well as a lower incidence of relapses.

13



Although vitamin D supplementation has been demonstrated to enhance the efficacy of
biologic therapies, such as anti-TNF antibody treatment, by increasing the likelihood of
remission, its impact on clinical symptoms remains inconclusive, underscoring the necessity
for further investigation. It is recommended that vitamin D levels be monitored in patients
with IBD and that supplementation be used in doses tailored to individual needs, with the

objective of achieving optimal 25(OH)D levels above 30 ng/ml.

In conclusion, although vitamin D appears to be a promising adjunct to IBD therapy, there is

still a paucity of high-quality clinical trials that can unequivocally confirm these effects.
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