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Summary 
Resistance to vitamin D has been known for decades as 
vitamin D resistant rickets, caused by mutations of the gene 
encoding for vitamin D receptor (VDR). Findings of extra-skeletal 
effects of vitamin D and learning of the molecular mechanisms 
used by its biologically active metabolite calcitriol revealed other 
ways leading to its impaired sensitivity. Calcitriol takes advantage 
of both genomic and non-genomic mechanisms through its 
binding to vitamin D receptor, located not only in the cell nuclei 
but also in a perinuclear space. On the genomic level the 
complex of calcitriol bound to VDR binds to the DNA responsive 
elements of the controlled gene in concert with another nuclear 
receptor, retinoid X receptor, and expression of the VDR itself is 
controlled by its own ligand. These elements were found not only 
in the promotor region, but are scattered over the gene DNA. 
The gene expression includes a number of nuclear transcription 
factors which interact with the responsive elements and with 
each other and learning how they operate would further 
contribute to revealing causes of the impaired vitamin D 
sensitivity. Finally, the examples of major disorders are provided, 
associated with impairment of the vitamin D function and its 
receptor. 

Key words 
Vitamin D • Resistance • Molecular mechanism 

Corresponding author 
R. Hampl, Institute of Endocrinology, Národní 8, 116 94 
Prague 1, Czech Republic. E-mail: rhampl@endo.cz 

Introduction 

As vitamin D we usually mean a group of 
secosteroids formed from nutritional ergosterol or body 

7-dehydrocholesterol in skin by UV light. The 
biologically active molecule is 1,25-dihydroxy-vitamin 
D3, (1,25(OH)2cholecalciferol or calcitriol), formed from 
the precursors by two hydroxylations. Its major effect is 
maintaining calcium homeostasis in concert with peptide 
hormones parathormone and calcitonin, but recent 
research brought evidence that its spectrum of activities is 
much broader.  

As in the case of other hormonal steroids, 
a resistance or impaired sensitivity to vitamin D, either 
inherited or acquired, occurs. Vitamin D resistance is 
defined a state where organism is sufficiently supplied 
with vitamin D, but it does not respond properly. 
Recognition of the causes of vitamin D resistance was 
enabled by revealing its mechanisms of action. In the 
following text we provide the brief history and milestones 
in understanding of vitamin D resistance and molecular 
mechanisms staying behind. Briefly we will touch the 
main targets of vitamin D, including extra-bone ones and 
related pathologies. 

History of vitamin D resistance 

The vitamin D resistance has been long observed 
in patients with rickets not responding to vitamin D 
supplementation, often accompanied by alopecia. 
An intensive research started in late seventies and early 
eighties, after discovery of receptor mechanism of steroid 
hormone action. Liberman et al. (1980) was among the 
first who suggested vitamin D resistance as a result of 
changes at the receptor level. The same authors described 
unmeasurable uptake of 1,25(OH)2D3 into cell nuclei 
using tritium labeled hormone in bone tissue culture from 
patient with the syndrome of rickets, alopecia, 

https://doi.org/10.33549/physiolres.934006



S392   Máčová et al.  Vol. 67 
 
 
hypocalcemia, and high circulating levels of  
1,25-dihydroxyvitamin D3 (1,25(OH)2D3) (Liberman et 
al. 1983). Hughes et al. (1991) brought evidence that the 
molecular basis of these disorders may be caused by 
genetic mutations in the gene encoding receptors for 
these hormones, by analyzing the vitamin D receptor 
protein, mRNA, and DNA from patients with 
hypocalcemic vitamin D-resistant rickets (Hughes et al. 
1991). 

Further attempts to classify the reasons for 
vitamin D resistance followed soon. In brief these were 
1) failure in biosynthesis, and 2) non-functional 
vitamin D receptor, manifesting as two clinical disorders, 
vitamin D dependent rickets type I and type II, 
respectively. Type I is caused by the deficiency of  
25-hydroxyvitamin D 1α-hydroxylase gene (CYP27B1), 
while type II consists in the defect of receptor for  
1α,25-dihydroxyvitamin D. Both are inherited in  
an autosomal recessive fashion (Hewison et al. 1994). 
The third cause of vitamin D resistance is closely 
connected with later detailed recognition of molecular 
events after binding of 1,25(OH)2D3 to the responsive 
elements in the promoter region of the regulated gene. It 
consists in an overexpression of so called non-vitamin D 
receptor (VDR)-related, vitamin D response element-
binding protein (VDRE-BP) and in the role of other 
proteins involved in the signaling cascade. It will be 
discussed below in the paragraph concerning molecular 
mechanism(s) of receptor mediated vitamin D action 
(Chen et al. 2000, Chen et al. 2003, Adams et al. 2004). 

 
Physiological effects of vitamin D and their 
mechanisms 

 
Biological effects of D-vitamin are well known. 

The major targets of biologically active form of 
vitamin D, 1,25(OH)2D3 are intestine, kidney and bones, 
where it, in concert with other calciotropic hormones, 
maintains calcium balance. In brief in intestine and 
kidney it stimulates resorption of calcium ions by 
promoting gene expression and function of transport 
proteins involved in calcium absorption and utilization, 
such as calbindin, TRPV6, osteocalcin, osteopontin, bone 
sialoprotein, TRPV6, PTH, PTHrp, enzymes involved in 
vitamin D biosynthesis and metabolism Cyp24a1 and as 
well as many others. In both organs it leads to an increase 
of circulating calcium. In bones vitamin D promotes bone 
resorption by increasing osteoblast number, influences 
formation of collagen in osteoblasts and bone 

mineralization. Besides maintaining calcium homeostasis 
vitamin D possesses many other functions which are 
apparent from non-skeletal diseases associated with its 
insufficiency. These include a broad spectrum of 
autoimmune diseases, bacterial and viral infections, 
cancer, cardiovascular diseases, and even 
neurodegenerative disorders (Grober et al. 2015). 

For its regulatory effects in target cells 
vitamin D takes advantage of both genomic and  
non-genomic actions. Regulation of target gene 
expression, genomic effects are mediated by vitamin D 
receptor (VDR). VDR is a transcription factor belonging 
to steroid-retinoid family. Following its discovery in 
1974, details of VDR structure and the gene which codes 
for it were completed (Haussler et al. 1998, Pike and 
Meyer 2010). As other receptors of steroid-retinoid-
thyroid family, VDR protein consists of three domains,  
a DNA binding domain with characteristic zinc fingers,  
a C-terminal ligand-binding domain with three 
dimensional binding pockets, both connected by so called 
hinge region, and the most variable transactivation 
domain mediating in concert with other transcription 
protein-factors triggering of the regulated gene 
expression.  

 
Genomic effects of vitamin D 

About 3 % of the genes forming the human 
genome are regulated by vitamin D resp. its active form 
1,25(OH)2D3 (Bouillon et al. 2006). VDR was detected in 
various tissues and cells, most of which have been 
identified as vitamin D targets. Tissue- and cell type-
specific distribution of VDR throughout the body, 
together with a survey of experimental techniques used 
for this purpose have been reviewed by Wang et al. 
(2012). 

According to simplified concept the binding of 
1,25(OH)2D3-VDR complex to the responsible elements 
in the promoter region of the regulated gene (VDREs) 
initiates a formation of an assembly of nuclear 
transcription factors, the cross-talk of which functions as 
a bridge between the transactivation domain of the 
receptor and the gene initiation site, making it accessible 
to mRNA polymerase. Recent findings revealed that the 
mechanism is much more sophisticated and complex. 
A new insight on these mechanisms brought among 
others a technique known as chromatin 
immunoprecipitation (ChIP) analysis, based on 
determination whether a given protein binds to a specific 
DNA sequence (Vinckevicius and Chakravarti 2012). 
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In the following we attempt to outline the main findings, 
the understanding of which may be helpful for 
explanation of vitamin D insensitivity. 

1) Activated VDR (i.e. VDR with bound ligand), 
does not bind to VDRE alone, but in the heterodimeric 
complex with retinoic X receptor (VDR/RXR). Retinoid X 
receptors were initially identified as nuclear receptors 
binding the vitamin A derivative 9-cis retinoic acid, but 
their occurrence is much broader. They accompany many 
other nuclear receptors including VDR, with which they 
function as obligatory partners (Gilardi and Desvergne 
2014, Christakos et al. 2016). Vitamin D response 
elements are composed of two hexametric nucleotide half-
sites separated by three base pairs and thus bind activated 
VDR and RXR, respectively (Pike and Meyer 2010). 
VDR/RXR-heterodimer formation and its binding to DNA 
is critical for 1,25(OH)2D3 regulation of gene transcription. 
The structure of the liganded VDR/RXR complex was 
recently characterized using cryoelectron microscopy,  
X-ray scattering, and hydrogen deuterium exchange 
(Christakos et al. 2016). The combination of binding of 
VDR and RXR to responsive elements confers the gene 
regulation selectivity (Pike et al. 2016, Long et al. 2015). 

2) There are not only one VDR/RXR regulated 
elements in the regulated gene. Besides regulatory 
elements in the promoter region, close to the initiation 
site of transcription, there are other VDR/RXR regulated 
elements scattered over the DNA, often located many 
kilobases upstream, downstream or within the 
transcription units of their respective gene’s start site. 
Binding of VDR/RXR to these regulatory elements 
regulates – promotes or inhibits – the complex actions of 
nuclear proteins functioning as above mentioned 
enhancers or co-activators, mediating transactivation by 
making accessible the gene initiation site for mRNA 
polymerase. Such coregulatory proteins interact directly 
with VDR and some of them possess enzymatic activity 
including mRNA polymerase itself (Pike and Meyer 
2010, Haussler et al. 2013, Tuoresmäki et al. 2014). 

3) Vitamin D autoregulates its own receptor 
transcription. It has been known since eighties that 
1,25(OH)2D3 upregulates the level of VDR gene 
expression, but the original studies did not find VDRE to 
1,25(OH)2D3 at the promoter region of the VDR gene. 
Recent work using ChIP-sequencing analysis however 
revealed presence of VDR gene enhancers as well as 
additional sites of VDR-binding sites across the VDR 
gene (Lee et al. 2015, Pike et al. 2016). An over review 
of regulatory factors influencing VDR function was 

provided by Saccone et al. (2015). We should mention 
here also the effect of sex steroids on VDR expression 
(Herian et al. 2018). Besides heritable genetic 
predispositions mentioned here it depends on availability 
and supply of VDR ligand, given by environmental 
factors and, last but not least, on epigenetics. As the latter 
concerns, DNA methylation at various sites of the  
VDR gene, not only in the promoter region, histone 
modification and microRNA regulation elements within 
the VDR gene have been described (Saccone et al. 2015). 

 
Non-genomic actions of vitamin D 

Some effects of vitamin D in target cells are too 
rapid to be explained by stimulation of gene expression. 
The first attempts to prove VDR in the cell membrane has 
not been successful (Barsony et al. 1997), though its 
extranuclear or perinuclear localization in various tissues 
was well documented (Ordóñez-Morán and Muñoz 2009, 
Zanatta et al. 2011, Buitrago et al. 2013). Putative 
membrane receptor as a protein in calveolae of plasma 
membrane, which binds 1,25(OH)2D3 and triggers rapid 
responses was however later detected in many tissues and 
cell cultures as e.g. in chick, rat, mouse intestine; mouse 
lung and kidney; and human NB4 and rat leukemia cells.  

Its existence was proven by various 
experimental techniques as immunodetection, confocal 
immunofluorescence microscopy or competitive binding 
assays, though its identity with nuclear VDR protein was 
not unambiguously confirmed (Huhtakangas et al. 2004). 
The “membrane VDR“ is accompanied by another 
calveolae-located receptor protein named, due to its 
enzymatic activity, protein-disulfide isomerase family 
extranuclear VDR (Pdia3). With its bound cognate ligand 
initiates a number of direct or indirect actions consisting 
in activation of phospholipase A2 and protein kinase C, 
thus triggering signaling pathways via second messengers 
formation including calcium ions release (Doroudi et al. 
2015). All the events occur in concert with the actions on 
nuclear level, as reviewed by Hii and Ferrante (2016). 

 
Vitamin D resistance 

 
Recently we published in this journal a review 

on steroid hormone resistance (Hampl and Vondra 2017). 
Vitamin D resistance is not an exception. For decades it is 
known in patients with rickets who did not respond to 
vitamin D supplementation. This phenomenon was later 
observed in other diseases taking advantage of vitamin D 
therapy. Having recognized the molecular mechanisms of 
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vitamin D action, it was clear now that the cause need not 
lay only in the impaired function of the VDR or the key 
enzymes of vitamin D biosynthesis and metabolism, but 
also in disorders in quality and function of other factors 
involved in both transactivation process (in genomic 
mechanism) or signaling in non-genomic regulations. 
Inherited vitamin D resistance is thus caused by mutation 
of the respective genes, first of all the VDR/RXR gene 
and the genes encoding for 1α- and 24-hydroxylase, 
respectively (CYP27B1 and Cyp24a1). Acquired 
vitamin D resistance may be developed by impairing any 
of above mentioned factors including VDR/RXR itself, as 
e.g. by infection, cancer or autoimmune process. The 
issue of acquired vitamin D resistance emerged in 
connection with attempts for treatment of human diseases 
such as osteoporosis, cancer, and secondary 
hyperparathyroidism. Novel drugs have been developed 
combining effects of 1,25D analogs and histone 
deacetylase inhibitors (Fischer et al. 2012). 

 
Inherited vitamin D resistance due to VDR/RXR mutations 

Since isolation and characterization of VDR and 
its gene, a number of authors reported mutations of the 
VDR gene. Most of them used cultured skin fibroblast 
from children with vitamin D resistant rickets (VDRR). 
The first papers appeared in late eighties by 
Hughes´ group from Houston (Texas). Generally VDRR 
caused by VDR gene mutation is an autosomal recessive 
disorder and may affect any of three VDR domains as 
well as the gene for RXR. Single mutations have been 
found in DNA binding domain near the zinc fingers, 
characterized by normal 1,25(OH)2D3 binding, but with 
all other symptoms of VDRR (Hughes et al. 1988, Sone 
et al. 1989). Later the same group demonstrated 
simultaneous defects in two receptor domains, a missense 
mutation in the ligand binding domain and a nonsense 
mutation in the DNA binding domain, respectively 
(Hughes et al. 1991). Further experiments of the above 
group with skin fibroblast or blood lymphocytes provided 
a surprising result that tissue resistance need not be 
caused only by VDR mutations, but by its defective 
nuclear localization (Hewison et al. 1993). 

Development of the first ELISA for VDR 
determination enabled to measure its concentration in 
various materials as skin fibroblast and peripheral blood 
lymphocytes in the range of tens of picograms (Sandgren 
and Deluca 1989). The method exerted a high specificity 
since it did not detect mutated VDR gene caused by 
a defect in a stop codone (Wiese et al. 1993). 

Tens reports and casuistics on mutations in 
various domains of the VDR followed rapidly. Besides 
Hughes and Feldman groups (Houston, Texas and 
Stanford, California) the teams of DeLuca from Madison 
(Wisconsin), Haussler from Tuscon (Arizona) and Pike or 
Hewison (London, UK) should be mentioned at least. 
Here we will point to two findings demonstrating the 
various causes of impairment of VDR function not only 
due to its gene mutations. Concerning the role of  
VDR-RXR heterodimerization, the point mutation led to 
an impaired heterodimeric interaction with retinoid X 
receptor (Whitfield et al. 1996, Haussler et al. 1997). Of 
interest may be a finding of absence of one exon in 
patient´s RNA, which was not due to a deletion in 
genomic DNA, but was caused by exon skipping during 
RNA processing, demonstrates that impairment of VDR 
function may be caused also by posttranscriptional 
events. The exhaustive list of all VDR mutations would 
be highly above the scope of this paper. Therefore we 
provide a few recent reviews summarizing the 
problematic of VDR mutations (Koren 2006, Malloy and 
Feldman 2011, Jolliffe et al. 2016).  

Besides overt mutations of the VDR gene 
a considerable number of polymorphisms have been 
described, the carriers of which may be in risk for 
development of certain disorders linked with impaired 
calcium metabolism (Nicolaidou et al. 2007), especially 
renal diseases (Yang et al. 2015). The polymorphisms 
such Apal, Bsml, Tokl and Tql are registered under SNP 
database (see rs codes 7975232, 1541410, 222870 and 
731236, respectively). 

 
Other causes of vitamin D resistance 

The most common cause of VD resistance 
besides VDR mutations is an impairment of the  
synthesis of biologically active form of vitamin D,  
1,25-dihydroxycholecalciferol (calcitriol), known also as 
vitamin D resistant rickets type I due to deficiency  
in major enzymes involved, first of all of  
25-hydroxyvitamin D 1α-hydroxylase gene (CYP27B1) 
expression. The action of this mitochondrial enzyme 
localized in kidney (but also in other cells) is a rate 
limiting step in bioactivation of vitamin D (Portale and 
Miller 2000). Numerous reports and reviews are available 
on this issue concerning the mutations of the above gene 
as e.g. Kato (1999), Kim et al. (2007), Miller (2017). The 
mutation of genes encoding for other enzymes of active 
vitamin D do exist as well, but are relatively rare (Miller 
2017). 
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Impaired production of calcitriol has a severe 
impact on increased synthesis and secretion of PTH in 
parathyroid major cells generating parathyroid 
hyperplasia, as occurs in chronic kidney disease. High 
circulating levels of parathyroid hormone (PTH) cause 
osteitis fibrosa, bone loss, and cardiovascular 
complications. Of interest here is an indirect mechanism 
of negative loop between calcitriol and PTH gene 
transcription and secretion via autocrine transforming 
growth factor alpha (TGFα)/epidermal growth factor 
receptor (EGFR) (Dusso et al. 2004). 

A new insight into the mechanism of vitamin D 
resistance brought Chen et al. (2000). As mentioned 
above (see History of vitamin D resistance), vitamin D 
resistance may be caused also by overexpression of so 
called non-vitamin D receptor (VDR)-related, vitamin D 
response element-binding protein (VDRE-BP), which 
sequelches vitamin D-directed transactivation. In this 
case, the expression of VDR is not altered. The latter 
protein shares homology with ubiquitous proteins called 
human heterogeneous nuclear ribonucleoprotein (hnRNP) 
A1 and hnRNPA2 (Adams et al. 2004). They are a family 
of conserved nuclear proteins that interact with nascent 
mRNA and as such regulate post-transcriptional events 
and thus affect expression of many genes (Bekenstein  
and Soreq 2013). Of interest is their association with 
neurodegenerative disorders, where they may function as 
a link between vitamin D insufficiency, known to occur 
in patients suffering from these diseases (Chen et al. 
2003). Besides vitamin D response element-binding 
protein there exist intracellular proteins capable to bind 
directly 25-hydroxylated vitamin D metabolites. In 
contrast to VDRE-BP their interaction with vitamin D 
metabolites increases vitamin D receptor directed target 
gene expression (Adams et al. 2004).  

Well known are anticancerous antiproliferative 
effects of vitamin D. Through its receptor, expressed in 
most malignant cells, calcitriol can inhibit a wide variety 
of genes involved in DNA replication, repair and cell 
cycling (Bouillon et al. 2006). Unfortunately, as clinical 
experience shows, after prolonged treatment the 
cancerous cells develop a resistance to vitamin D. 
A typical example is acquired resistance to vitamin D in 
colon cancer (Giardina et al. 2012). Revealing the 
molecular mechanisms staying behind thus possess 
a great therapeutical potential. 

Finally, sensitivity to vitamin D decreases with 
aging. A typical example is development of intestinal 
resistance to calcitriol at higher age, which hampers 

intestinal calcium uptake and is characterized by decrease 
of VD receptor number (de Jongh et al. 2017). 
 
Pathologies associated with vitamin D 
resistance 

 
There are thousands reports and reviews on the 

clinical consequences of vitamin D deficiency, as e.g. 
Galesanu and Mocanu (2015). On the other hand, with 
exception of vitamin D resistant rickets, the data of 
vitamin D resistance in other diseases, many of which 
known to be associated with vitamin D deficiency, are 
relatively scarce. In contrast to overt VDR mutations, 
most of them are associated with polymorphisms in 
various parts of the VDR gene. The typical examples are 
shown below. We have listed only meta-analyses from 
the last five years and did not mention all diseases 
associated with vitamin D deficiency since it would 
by far exceed the frame of this review. 

 
Vitamin D resistant rickets 

The clinical impacts of vitamin D receptor 
impairment or defects in vitamin D biosynthesis, known 
as vitamin D resistant rickets type I and type II, have 
been discussed in previous paragraphs. More rare are 
cases caused by a defect in VDR signaling. This issue 
belongs to recent one and new findings may be expected 
soon. 

 
Immunopathologies 

Vitamin D is a necessary for proper function of 
the immune system and fight against infection. Cells of 
both innate and adaptive immunity are targets for 
vitamin D. While cells of the innate immunity possess 
vitamin D receptors regardless of their activation stage, 
cells of the lymphoid lineage express these receptors only 
at certain stages of their differentiation after activation 
(Manolagas et al. 1985, Trochoutsou et al. 2015). 

Disorders associated with vitamin D deficiency 
represent a worldwide problem and include a broad range 
of diseases from most dangerous infections as 
tuberculosis to autoimmune diseases as are e.g. 
inflammatory bowel or Crohn disease (Lang and Aspinall 
2017, Ardesia et al. 2015, White 2018). The list of these 
diseases would by far exceed the scope of this paper. On 
the other hand, disorders which may be ascribed to 
impairment of VDR mediated signaling are less frequent. 
The examples are immune-mediated diseases due to lack 
of VDR expression after long activation of  
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T-helper cells (Cantorna and Waddell 2014). 

Using gene screening for VDR a number of case 
studies were performed on association of VDR 
polymorphism with diabetes mellitus type 1 as a typical 
autoimmune disease. We may refer here at least to the 
meta-analysis from Turkish authors, who concluded that 
individual VDR polymorphisms do not seem to be 
associated with diabetes type 1 risk (Tizaoui et al. 2014). 

 
Neurodegenerative and neuropsychiatric diseases 

Population studies were performed of 
association of VDR gene polymorphisms with most 
severe neurodegenerative diseases as Alzheimer´s 
dementia, multiple sclerosis and Parkinsonism. An open 
issue is the incidence of autism in subjects with 
vitamin D deficiency and the mechanism staining behind 
it (Máčová et al. 2017). 

A study of Alzheimer patients (n=108) 
compared frequency of the known VDR gene 
polymorphisms usually depicted as TaqI, ApaI, FokI and 
Bsm with the control group (n=77). With exception of 
decreased occurrence of the allele ApaI in Alzheimer 
patients, no clear evidence for association of VDR gene 
polymorphism with the disease were brought 
(Łaczmański et al. 2015). A similar data were obtained in 
an elder Turkish study focused on late onset of 
Alzheimer´s disease (Gezen-Ak et al. 2012). Of interest 
may be the results of one of the earliest study (Sutherland 
et al. 1992) on VDR mRNA formation in cultured 
hippocampal CA1 cells from Alzheimer patients. The 
authors demonstrated down regulation of VDR mRNA, 
pointing to importance of VDR autoregulation mentioned 
in previous paragraphs.  

Multiple sclerosis belongs to neurodegenerative 
diseases believed to be strongly influenced by vitamin D 
supplementation, depending on proper VDR function 
(Penesová et al. 2018). A search of key words VDR and 
multiple sclerosis provided 50 references and 5 reviews. 
Let us mention here at least the reviews of the Dutch 
authors (Smolders et al. 2009) and a more recent 
Tunisian meta-analysis of 13 case-control studies 
including 3300 patients and 3194 controls (Tizaoui et 
al. 2015), both confirmed an association of multiple 

sclerosis with certain polymorphism of VDR gene.  
Only 17 references were provided when key 

words VDR polymorphism and Parkinson were entered 
into PubMed database. The most recent population 
studies including more than 100 patients and age and sex 
matched controls originated from East Asia: China (Lv et 
al. 2013), Japan (Tanaka et al. 2017) and Korea (Kang et 
al. 2016). They did not provide a convincing evidence for 
association of VDR polymorphism and susceptibility to 
Parkinson´s disease, though certain differences in studied 
gene alleles were found. The meta-analysis of so far 
available data is needed. 

 
Diabetes mellitus type 2 

Large meta-analyses were also performed on 
association of VDR polymorphisms with type 2 diabetes 
as for instance Zhu et al. (2014), Yu et al. (2016), but no 
clear evidence for association of with VDR 
polymorphisms were found.  

 
Conclusion 

 
We have attempted to summarize reasons of the 

impaired sensitivity or resistance to vitamin D. More 
attention was devoted to recent knowledge of the 
mechanisms of vitamin D action, both genomic and  
non-genomic, and the possible consequences resulting in 
its resistance. Briefly major pathologies are mentioned 
responsible for impaired vitamin D responsiveness. It is 
clear now that phenomenon of resistance or  
non-responsiveness to vitamin D is not confined only on 
genetic disorders in vitamin D receptor expression and 
biosynthesis, but it should be searched in the impairment 
of vitamin D signaling, taking into account various 
factors which there take place. 
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