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Vitamin D deficiency is becoming an increasing problem 
worldwide. It should not be underestimated, not only due to 
the well-known consequences vitamin D deficiency has on 
bone health, but primarily because recent studies have shown 
how the biologically active form of vitamin D – 1,25(OH)2D 
– is involved in many biological processes, including immune 
system modulation. Moreover, the presence of a vitamin D 
receptor was discovered in almost all immune cells and some of 
its polymorphisms were found to be associated with increased 
incidence of autoimmune diseases. This finding led to a 
proposed link between vitamin D deficiency and autoimmune 
diseases. Patients affected by various autoimmune diseases 
showed low levels of vitamin D. However, it is not always 
clear whether vitamin D deficiency is the cause or rather a 
consequence of the disease. Limitations of the studies, such as 
the small number of patients, heterogeneity of selected groups, 
environmental conditions, methods used to measure vitamin D 
serum concentration and other confounding factors do not lead 
to unequivocal results to demonstrate a direct link between 
low vitamin D levels and autoimmune disease. Therefore, 
randomized trials are needed to clarify conflicting results.
  IMAJ 2017; 19: 438–443
vitamin D, 25(OH)D, 1.25(OH)2D, autoimmune diseases, 
vitamin D receptor polymorphisms

ABsTRAcT:

KEY woRds:

v itamin D, commonly defined as “the sunshine vitamin,” is 
a steroid hormone originating from cholesterol. Few foods 

naturally contain vitamin D, which is mostly synthesized in 
human skin through sun exposure. As vitamin D is absorbed 
by the skin after exposure 
to ultraviolet B light, its 
synthesis is influenced by 
latitude, season, lifestyle and 
skin pigmentation. Vitamin 
D is initially synthesized as a biologically inactive precursor, 
with a half-life of 12–16 hours. In the liver it is converted to 

25-hydroxy vitamin D, 25(OH)D, the major circulating form of 
vitamin D, with an half-life of 3 weeks. Due to its long half-life, 
25(OH)D is the most reliable compound to assess individual 
vitamin D levels. Finally, the molecule is converted in the kid-
ney to the biologically active form, 1,25-dihydroxy vitamin D 
– 1,25(OH)2D – also known as calcitriol. 1,25(OH)2D enters the 
target cells, binds to the vitamin D receptor (VDR) and induces 
a conformational modification that leads to its interaction with 
the retinoic acid receptor (RXR). The VDR is an intracellular 
polypeptide part of the steroid-thyroid-retinoid acid receptor 
superfamily. It binds as VDR/VDR homodimers or VDR/RXR 
heterodimers to target cell DNA, leading to special protein syn-
theses. Although the most well-known function of vitamin D is 
the role it plays in maintaining the right balance between calcium 
and phosphate serum levels, thus promoting bone health, bind-
ing of 1,25(OH)2D to the intracellular VDR regulates more than 
900 genes involved in many physiological processes. As such, 
vitamin D has recently started to be considered essential for the 
maintenance of physiological homeostasis, and its deficiency has 
been associated with a wide range of diseases and cardiovascular 
and metabolic disorders, including cancer, hypertension, and 
infectious and autoimmune diseases. Vitamin D deficiency is 
commonly defined as levels < 20 ng/ml [Table 1], and has been 
documented both in healthy and diseased populations world-
wide, mainly in northern areas [1]. This new evidence is expos-
ing vitamin D deficiency as a pandemic increasing problem. 

viTAmin D RECEpToR AnD immunE CElls

After stimulation by biologically active vitamin D, the VDR 
regulates the expression of genes in a variety of vitamin D 
responsive tissues. The discovery of VDR as well as of vitamin 

D-activating enzymes in 
cell types other than those 
involved in mineral and 
bone homeostasis strongly 
indicates the role of the 

hormone in other physiological conditions. Activation of VDR 
induces a wide variety of so-called non-classic effects, with mod-

Binding of 1,25(oh)2d to the intracellular vitamin 
d receptor (vdR) regulates more than 900 genes 

involved in many physiological processes, 
including both innate and adaptive immunity
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ulation of cellular growth, proliferation, apoptosis, and immune 
cell activation [2]. Awareness of a the role vitamin D takes in the 
regulation of immune responses was prompted by the discovery 
of VDR in almost all immune cells, including activated CD4+ 
and CD8+ T cells, B cells, neutrophils, and antigen-presenting 
cells (APC) such as macrophages and dendritic cells. It has been 
shown that resting monocytes and dendritic cells express VDR 
intra-cellularly, while resting T and B lymphocytes express little 
to no VDR. However, VDR expression in T cells is increased 
fivefold upon lymphocytes activation [3]. 

Allelic variations within the VDR gene have been implicated 
in mediating susceptibility to endocrine autoimmune disease. 
The most studied VDR polymorphism are TaqI, BsmI, ApaI 
and FokI. Autoimmune thyroid disease risk was found asso-
ciated with the BsmI or TaqI polymorphism, while the BsmI 
and FokI polymorphism are associated with increased risk of 
systemic lupus erythematosus (SLE) [4]. FokI polymorphism in 
the VDR gene might affect individual susceptibility to diabetic 
nephropathy [5], while the ApaI, BsmI and TaqI polymorphisms 
may be susceptibility risk factors for rheumatoid arthritis (RA) 
[6]. Taken together, these data show that there is a link between 
autoimmune diseases and vitamin D, which seems to be impor-
tant to maintain immune homeostasis. 

EFFECTs oF viTAmin D on ThE immunE sysTEm

Vitamin D regulates both innate and adaptive immunity [Table 
2]. The innate immune response is characterized by the activa-
tion of monocytes and macrophages, which are able to recognize 
pathogen-associated molecular patterns (PAMPs) and thus pro-
vide a first line of defense against outside agents, increasing the 
anti-microbial activity of macrophages and enhancing the che-
motactic and phagocytic capacity of these cells [7]. Conversely, 
vitamin D deficiency impairs the ability of macrophages to 
mature, produce macrophage-specific surface antigens, produce 
the lysosomal enzyme acid phosphatase, and secrete hydrogen 
peroxide, which is essential to 
their antimicrobial function. 
In addition, the upregulation of 
VDR on toll-like receptor acti-
vation of monocytes and mac-
rophages leads to the induction 
of cathelicidins, a family of polypeptides found in lysosomes of 
macrophages and polymorphonuclear leukocytes that have a 

critical role in innate immune defense. Cathelicidin production 
is enhanced after Mycobacterium tuberculosis (TB) infection, 
when macrophages recognize TB-PAMPs and upregulate VDR 
expression, inducing cathelicidin gene activation, thus killing 
the TB [8]. Monocytes activated in the presence of 1,25(OH)2D 
show a decreased production of TNF-α, IL-1α and IL-6, and an 
increased IL-10 production. Thus, vitamin D can modulate the 
immune response in a more anti-inflammatory and regulatory 
fashion [9].

Adaptive immunity is also influenced by vitamin D in many 
ways. Vitamin D acts on cells of the monocyte-macrophage 
lineage preventing differentiation into dendritic cells [10] and 
reducing the expression of surface co-stimulatory molecules 
CD80 and CD86, thus affecting the T cell stimulatory capacity 
of these APC cells [10]. Moreover, 1,25(OH)2D suppresses den-

dritic cell maturation, decreas-
ing antigen presentation and 
T and B cells activity [10,11]. 
Dendritic cell-derived cytokine 
and chemokine expression are 
modulated by vitamin D, skew-

ing the Th1/Th2 balance to a wider Th2 response and increasing 
the regulatory T lymphocyte compartment [3]. There is increas-

genetic vitamin d receptor (vdR) mutations 
may result in an alteration of the effects 

produced by the binding of the receptor with 
1,25(oh)2d in the promoter regions of  

genes that respond to vitamin d

Table 1. Vitamin D status according to 25(OH)D concentration

Definition nmol/l ng/ml

Deficiency < 50 < 20

Insufficiency 50–75 20–30

Excess > 250 > 100

Intoxication > 375 > 150

Table 2. Mechanisms of vitamin D action on the immune system

immune cells Action/effect Reference

in
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m
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e 
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em

Chemotactic capacity Xu et al. [7]

Phagocitic capacity Xu et al. [7]

Ability to mature Arnson et al. [15]

Production of macropahge-specific surface antigens Arnson et al. [15]

macrophages Production lysosomal enzyme acid phosphatase Arnson et al. [15]

Secretion hydrogen peroxidase Arnson et al. [15]

Onduction cathelicidins Liu et al. [8]

IL-10 Almerighi et al. [9]

TNF-α, IL-1α, IL-6 Almerighi et al. [9]

dendritic cells Cell maturation Cutolo et al. [11]

T cell activation van Halteren et al. [13]

 Antigen presentation Cutolo et al. [11]
Ad

ap
tiv

e 
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un

e 
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st
em

T cells T regulatory cells Penna et al. [3]

Th2 Peelen et al. [2]

IL-4, IL-5, IL-10 Prietl et al. [12]

Th1 Penna et al. [3]

IL-2, IL-17, IL-21, INF-γ Jeffery et al. [14]

B cells B cell apoptosis Chen et al. [10]

Cell proliferation Chen et al. [10]

Plasma-cell differentiation Chen et al. [10]

Ig secretion Chen et al. [10]

Memory B cell generation Chen et al. [11]
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Sustaining the link between hypovitaminosis D and 
increased incidence of autoimmune diseases, Mathieu et al. 
[19] demonstrated that 1,25(OH)2D supplementation alone was 
able to reduce incidence of insulitis and prevent diabetes when 
administered to 3 week old non-obese diabetic mice. At 8 weeks 
it was efficient only if associated with an immune suppressor 
and was not therapeutic if given after lesion onset. These new 
results led to the speculative hypothesis that in genetically pre-
disposed subjects living at high latitudes and presenting chronic 
insufficient or deficient hormone concentration, early vitamin 
D supplementation could control and/or block disease onset. 
Conversely, vitamin D supplementation, even at high dosage, 
after the immunological reaction may be able to reduce the 
severity of symptoms [20].

sysTEmiC sClERosis

Zerr et al. [21] analyzed the role of VDR signaling in fibrosis 
patients with systemic sclerosis (SSc), in which the levels of 
vitamin D3 are decreased. They characterized VDR as a nega-
tive regulator of TGF-β/Smad signaling. Impaired VDR signal-
ing with reduced expression of VDR and decreased levels of 

its ligand may thus contribute 
to hyperactive TGF-β signal-
ing and aberrant fibroblast 
activation in SSc. Vitamin D 
has been proposed as an anti-

fibrotic treatment option in the early onset of fibrosis in specific 
genotypes for VDR due to its known crosstalk with transform-
ing growth factor (TGF)-β signaling. In primary human hepatic 
stellate cells vitamin D supplementation improved TGF-β-
induced fibrogenesis through both VDR-dependents and VDR-
independent mechanisms, while known polymorphisms of the 
VDR (A1012G single nucleotide polymorphisms) may influence 
the response to vitamin D treatment, abolishing the reduction 
of fibrogenic response.

mulTiplE sClERosis 

Prevalence of MS in northern Europe strongly correlates with 
vitamin D deficiency and the risk of disease onset. It is known 
that vitamin D has immunomodulatory functions and sup-
presses an animal model of MS. Genome-wide association stud-
ies have identified more than 20 susceptible loci in MS, including 
the VDR gene and rs2248359. This last locus can increase MS 
risk by regulating the expression of nearby genes, for example 
CYP24A1, which encode the enzyme responsible for the degra-
dation of 1,25(OH)2D. rs2248359-C increases CYP24A1 expres-
sion in the human brain, thus showing a genetic connection 
between MS and vitamin D metabolism and indicates that the 
physiologic active form of vitamin D is protective. Some studies 
conducted in Iran, Japan, Australia and United Kingdom to find 

ing evidence from in vitro studies and animal models that 
1,25(OH)2D can suppress Th1 and Th17 responses while pro-
moting the T regulatory cell and Th2 cell expression by enhanc-
ing the production of IL-4, IL-5 and IL-10 [12]. Moreover, after 
vitamin D stimulation, dendritic cells have a reduced capacity 
to trigger T cell proliferation [13]. In addition to dendritic cells, 
1,25(OH)2D has direct effects on T lymphocytes, and directly 
alters the cytokine profile of T cells, inhibiting pro-inflammatory 
cytokines production such as IL-2, INF-γ, IL-17 and IL-21 [14]. 
The B cell population is also influenced by the vitamin D path-
way. Exposing B cells to 1,25(OH)2D inhibits their proliferation, 
plasma cell differentiation and immunoglobulin secretion (IgG 
and IgM), and memory B cell generation as well as inducing B 
cell apoptosis [10].

viTAmin D AnD AuToimmunE DisEAsEs

The pathogenesis factors of autoimmune diseases are a mosaic 
of genetic predisposition, hormonal effects and environmental 
factors. Low vitamin D status and VDR polymorphism have 
been suggested as important environmental risk factors in the 
development of autoimmune diseases. Growing evidence shows 
that VDR polymorphism (espe-
cially BsmI, ApaI, TaqI, and 
FokI polymorphism genotypes) 
are related to an increased inci-
dence of autoimmune diseases, 
and it has been shown that the interaction between VDR and 
its ligand produces an anti-inflammatory effect on innate 
immunity and a regulatory and immunosuppressive action on 
adaptive immunity.

Low vitamin D levels have been reported in several autoim-
mune disorders, including multiple sclerosis (MS), type 1 dia-
betes mellitus (T1DM), SLE, RA, inflammatory bowel disease, 
thyroiditis and autoimmune gastritis [1,15-17]. However it is 
not always clear whether vitamin D deficiency is the cause or 
rather a consequence of the disease. 

A well-designed study [18] investigated the association 
between vitamin 25(OH)D status and development of auto-
immune disease in 12,555 individuals from three population-
based studies. Relative risks of autoimmune disease were 
estimated by Cox regression and expressed as hazard ratio 
(HR) with 95% confidence interval (CI). There were 525 cases 
of incident autoimmune disease. The HR for a value of 10 
nmol/l was 0.94 (95%CI 0.90–0.98) for any autoimmune dis-
ease, 0.83 (95%CI 0.72–0.96) for thyrotoxicosis, 0.95 (95%CI 
0.88–1.02) for T1DM, 0.89 (95%CI 0.74–1.07) for MS, 1.00 
(95%CI 0.86–1.17) for iridocyclitis, 0.95 (95%CI 0.80–1.13) for 
Crohn’s disease, 0.88 (95%CI 0.75-1.04) for ulcerative colitis, 
0.99 (95%CI 0.86–1.13) for psoriasis vulgaris, 0.97 (95%CI 
0.89–1.07) for seropositive RA, and 0.94 (0.83–1.06) for  
polymyalgia rheumatica.

low vitamin d status and vitamin d receptor 
(vdR) polymorphism have been thought to 
be important environmental risk factors in 
the development of autoimmune disease
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25(OH)D levels. These findings may offer insights concerning 
the complex role of vitamin D in the etiology of T1DM. 

RhEumAToiD ARThRiTis

A recent meta-analysis including 24 reports involving 3489 
patients showed that RA patients had lower vitamin D levels 
than healthy controls and that a negative relationship exists 
between serum 25-hydroxyvitamin D (25OHD) levels and 
disease activity index [28]. 

A study conducted on a Tunisian cohort (108 patients with 
RA and 152 controls) to establish the associations of VDR gene 
polymorphisms FokI and BsmI with susceptibility to RA, dem-
onstrated that FokI polymorphism alleles and genotype were 
significantly more common in the RA group than in controls 
(P = 0.001 and P = 0.005, respectively). In patients with RA, 
the FokI polymorphism was significantly associated with female 
gender (P = 0.003). No significant associations were found 
between the Bsm1 polymorphism and RA [29]. Moreover 
a case-control study including 106 RA Tunisian patients and 
an appropriate number of healthy control subjects showed no 
significant association for VDR ApaI and TaqI polymorphisms 
with RA risk (P > 0.05) [30].

Another study explored the role of vitamin D in RA patho-
genesis by investigating enrichment of vitamin D response ele-
ments (VDREs) in confirmed RA susceptibility loci and testing 
variants associated with vitamin D levels for association with 
RA. SNPs in the DHCR7/NADSYN1 locus showed evidence of 
positive association with RA (P = 0.008, OR 1.14 95%CI 1.03–
1.24). The significant enrichment of VDREs at RA-associated 
loci and the modest association of variants in loci controlling 
levels of circulating vitamin D support the hypothesis that vita-
min D plays a role in the development of RA [31].

AuToimmunE ThyRoiD DisEAsEs

Some studies have suggested an influence of vitamin D recep-
tor polymorphisms on the development of autoimmune thyroid 
disease (AITD). One study investigated the distribution of VDR 
alleles (FokI, BsmI, ApaI TaqI polymorphisms) in a group of 111 
Turkish patients with Hashimoto’s thyroiditis and 159 healthy 
controls. It showed that the VDR gene TaqI TT and FokI FF 
genotypes were associated with increased risk of Hashimoto’s 
thyroiditis. BbAaTtFf genotype seemed to be protective to 
Hashimoto’s thyroiditis disease in the same population [32].

Another study tested whether the functional VDR poly-
morphisms (TaqI rs731236, ApaI rs7975232, FokI rs2228570 
and BsmI rs1544410), group-specific component (GC) gene 
(rs7041 and rs4588), and CYP2R1 (rs10741657) are involved 
in the pathogenesis of AITD [33]. Using polymerase chain 
reaction-restriction fragment length polymorphism, 139 
patients with Graves’ disease, 116 HT patients and 76 control 

the association between VDR polymorphisms (SNPs, TaqI and 
ApaI) and MS, have shown links between allelic and genotype 
frequencies and the disease. No correlation was found in other 
studies conducted in Greece, USA and the Netherlands. This 
discrepancy highlights the need for randomized trials.

sysTEmiC lupus ERyThEmATosus

In patients affected with SLE a significant inverse correlation 
was reported between disease activity and serum vitamin D 
concentration [22], and anti-vitamin D antibodies were found 
in a subset of patients with SLE and antiphospholipid syndrome 
[23]. The relation between VDR gene polymorphism and the 
risk of SLE is conflicting, A meta-analysis including 13 stud-
ies was conducted to evaluate the relationship between VDR 
BsmI (rs1544410), Fok1 (rs2228570), ApaI (rs7975232) and 
TaqI (rs731236) gene polymorphism and the risk of SLE. In 
this meta-analysis, the BsmI B allele and bb genotype, Fok1 f 
allele and ff genotype, and ApaI aa genotype were associated 
with the risk of SLE in the overall populations. In Asians, the 
BsmI B allele, BB genotype and bb genotype, Fok1 f allele and ff 
genotype were associated with the risk of SLE. In Africans, the 
BsmI B allele, BB genotype and bb genotype, Fok1 f allele and 
ff genotype, ApaI A allele, AA genotype and aa genotype were 
associated with the risk of SLE. However VDR BsmI, Fok1, 
ApaI and TaqI gene polymorphism were not associated with 
the risk of SLE in Caucasians [24]. 

TypE 1 DiABETEs

Several studies suggested association between VDR polymor-
phisms and type 1 diabetes mellitus (T1DM) pathogenesis [25]. 
The interactions of genetic background with the development 
of TIDM are well documented in various populations as the 
incidence of childhood T1DM is known to vary widely between 
and within countries. A study conducted to investigate the rela-
tionship between VDR gene polymorphisms (at positions Taq 
I and Apa I) and the incidence of T1DM in Egyptians showed 
a significant association in diabetic patients compared with 
controls [26]. The results obtained in a study performed in an 
Iranian population demonstrated that genotypes frequency of 
the TaqI VDR polymorphism differed significantly between 
T1DM patients and controls [26]. The Diabetes Autoimmunity 
Study in the Young (DAISY) longitudinal study [27] explored the 
association between seven vitamin D metabolism gene single-
nucleotide polymorphisms (SNPs) and the risk of islet autoim-
munity (IA), the preclinical phase of T1DM. Two novel intronic 
variants for the association with T1DM, DHCR7/NADSYN1 
and CYP27B1 were found to be significantly associated with 
the appearance of IA. Interestingly, these two variants were not 
found to be associated with progression to T1DM in IA-positive 
children. Six of the seven SNPs were significantly associated with 
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subjects were genotyped. The frequency of the TT genotype for 
the TaqI polymorphism was higher in Graves’ disease patients 
than in HT patients (P = 0·0147). The frequency of the C allele 
for the ApaI polymorphism was higher in Graves’ disease 
patients than in control subjects (P = 0·0349). The frequency 
of the CC genotype for the FokI polymorphism was higher in 
HT patients than in control subjects (P = 0·0174) and Graves’ 
disease patients (P = 0·0149). The frequency of the Gc1Gc1 
genotype for the GC polymorphism and the AG genotype for 
the CYP2R1 polymorphism were lower in intractable Graves’ 
disease than in Graves’ disease in remission (P = 0·0093 and 
0·0268, respectively). This study showed how genetic differ-
ences in the VDR gene may be involved in the development 
of AITD and the activity of Graves’ disease. Eight studies were 
identified and meta-analyzed to address the association of VDR 
gene FokI (rs2228570), TaqI (rs731236), BsmI (rs1544410), 
and ApaI (rs7975232) polymorphisms with AITD risk [34]. 
The result indicates that the BsmI or TaqI polymorphisms are 
significantly associated with AITD risk (Pz = 0.001 for B vs. b; 
Pz = 0.010 for t vs. T) while the ApaI or FokI polymorphism are 
not. In the subgroup analysis in Europeans, the decreased risk 
of AITD remained for the B or t variant. This gene-based analy-
sis indicates that, based on current evidence from published 
studies, the cumulative effect of BsmI or TaqI polymorphisms 
in VDR is significantly associated with AITD.

Another recent meta-analysis investigated the association 
between vitamin D level and AITD through an accurate sys-
tematic literature review [35]. After identifying hundreds of ref-
erences, the authors considered 20 papers that met their inclu-
sion criteria. Analyzing the studies, Wang and co-authors [35] 
concluded that serum 25(OH)D was lower in AITD patients 
compared to healthy control individuals, and AITD was more 
likely to develop in individuals who showed low levels of serum 
25(OH)D, which suggested that vitamin D deficiency may play 
a role in the pathological process of AITD.

However, other studies failed to demonstrate a firm correla-
tion. Effraimidis et al. [36] showed how vitamin D deficiency is 
not associated with early stages of thyroid autoimmunity, while 
an Asian Indian community-based survey found only a weak 
inverse correlation between serum 25(OH)D values and anti-
thyroperoxidase antibody titers [37]. 

Thus, controversial opinions on the role of vitamin D in 
autoimmune disease onset are expressed by the scientific com-
munity [38]. Critical observers claim that many studies show 
strong limitations that impede the process of getting irrefutable 
and clear results. Although most of the observational studies 
reported moderate to strong inverse associations between 
vitamin D and autoimmune diseases, in most trials vitamin 
D supplementation had no effect on the disorders studied. 
This discrepancy between observational and interventional 
studies suggests that vitamin D deficiency could be the result 
and not the cause of the diseases. Additional co-factors may 

affect the result of epidemiological studies, such as obesity, 
smoking, pregnancy, and sedentary lifestyle. For example, in 
SLE patients many factors can lead to vitamin D deficiency, 
including chronic steroid use, enzymatic problems due to renal 
involvement, anti-vitamin D antibodies and the need to avoid 
sun exposure [23]. Moreover, study designs are often conducted 
on small patient cohorts, with only partial case-control match-
ing, with heterogeneity of the groups selected and environmen-
tal conditions. These contradictory data are further affected by 
the imprecision and variability of analytical methods for the 
measurement of blood levels of vitamin D, denying the pos-
sibility to have unequivocal results demonstrating a direct link 
between low levels of vitamin D and autoimmune diseases.

The heterogeneity of analytical methods used are reflected 
by a lack of concordance of the measured concentrations [39]. 
To make determinations of vitamin D performed in laboratories 
with different methodologies directly comparable, the US Office 
of Dietary Supplements of the National Institutes of Health 
launched a collaborative project among institutional organiza-
tions, scientific societies and industries in 2010, called Vitamin 
D Standardization Program (VDSP) [40]. The objective of this 
program, besides the compatibility of results obtained by differ-
ent methods, was to ensure that the measured concentrations 
are accurate and consistent with the actual concentration of ana-
lyte contained in the sample to produce adequate information 
for clinical purposes and for health policy measures.

FuTuRE pERspECTivEs

Growing evidence proves that the increase in 25(OH)D 
attributable to vitamin D3 supplementation may vary accord-
ing to functional common genetic differences in vitamin D 
25-hydroxylase (CYP2R1), 24-hydroxylase (CYP24A1), and 
the VDR genes. 

Some studies performed on representative case series found 
a statistically significant association between specific polymor-
phisms of VDR, single nucleotides, and autoimmune diseases. 
These mutations may result in a phenotypic change and an 
alteration of the biological effects produced by the binding of 
the receptor with 1,25(OH)2D in the promoter regions of genes 
that respond to vitamin D, leading to ineffectiveness of regula-
tory actions produced by the hormone in the cells of the innate 
and adaptive immune systems.

Therefore, prospective studies designed to prove the link 
between vitamin D deficiency and autoimmunity will need 
to assess genetic differences and VDR polymorphisms, since 
these factors appear to influence the therapeutic strategy of 
intervention.
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“After you understand about the sun and the stars and the rotation of the earth, you may still 
miss the radiance of the sunset”

Alfred North Whitehead (1861–1947) English mathematician and philosopher best known as the defining figure of the  
philosophical school known as process philosophy




