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Abstract Lately, vitamin D has been linked with metabolic
and immunological processes, which established its role as
an essential component of human health preservation. Vita-
min D has been defined as natural immune modulators, and
upon activation of its receptors (VDRs), it regulates calcium
metabolism, cellular growth, proliferation and apoptosis,
and other immunological functions. Epidemiological data
underline a strong correlation between poor vitamin D status
and higher risk for chronic inflammatory illnesses of various
etiologies, including autoimmune diseases. Epidemiologi-
cal, genetic, and basic studies indicated a potential role of
vitamin D in the pathogenesis of certain systemic and organ-
specific autoimmune diseases. These studies demonstrate
correlation between low vitamin D and prevalence of dis-
eases. In addition, VDRs’ polymorphisms observed in some
of these autoimmune diseases may further support a plausi-
ble pathogenic link. Notably, for some autoimmune disease,
no correlation with vitamin D levels could be confirmed. Thus,
in the current review we present the body of evidence
regarding the plausible roles of vitamin D and VDR’s
polymorphism in the pathogenesis of autoimmunity. We
summarize the data regarding systemic (i.e., systemic lupus
erythematosus, rheumatoid arthritis, etc.) and organ-specific
(i.e., multiple sclerosis, diabetes mellitus, primary biliary
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cirrhosis, etc.) autoimmune diseases, in which low level of
vitamin D was found comparing to healthy subjects. In
addition, we discuss the correlations between vitamin D
levels and clinical manifestations and/or activity of dis-
eases. In this context, we address the rational for vitamin
D supplementation in patients suffering from autoimmune
diseases. Further studies addressing the mechanisms by
which vitamin D affects autoimmunity and the proper
supplementation required are needed.
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Introduction

The mosaic of autoimmunity is comprised of a complicated
interplay between endogenous and exogenous factors such
as genetic, hormonal, and environmental ones, of which
vitamin D has been recognized as both an exogenous and
endogenous player [1]. Vitamin D is a fat-soluble pro-
hormone found in significant amounts in certain fish and
in small amounts in other ingredients of the Western diet. It
is synthesized in large quantities in skin exposed to UV rays
of sunlight. Following the syntheses of vitamin D, it is
converted in vivo into biologically active metabolites name-
ly 25(OH)D and 1,25(OH)D [2]. The latter regulate numer-
ous functions in various cell types, through binding to
vitamin D receptors (VDR) on both calcemic and noncalce-
mic tissues [2]. Thus, upon activation of VDRs, they not
only control calcium metabolism but also elicit a wide
variety of biological responses, which influence cellular
growth, proliferation, apoptosis, and immune modulation
[3, 4]. Vitamin D binds to VDRs on various cells participat-
ing in immune responses, thereby modulating both the
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activation and deactivation of the innate and adaptive
responses [4, 5]. For instance, vitamin D may induce innate
tolerance by promoting tolerogenic dendritic cells on the
one hand while on the other induce a robust macrophage
response to infections (i.e., mycobacterium tuberculosis)
[2, 6]. Additionally, both humoral and cellular adaptive
responses are affected by vitamin D. Decreased proliferation
and antibody production by B cells have been documented
following exposure to vitamin D [7]. While the later effect on
the cellular response is comprised of a switch from Thl to Th2
cytokine profile, ameliorating Th17 pathway via transcription-
al modulation of interleukin-17A, as well as induction of T
regulatory cells and immune tolerance [3, 8, 9]. In this context,
seasonal variation in vitamin D levels was reported to parallel
changes in peripheral blood human T cell compartment [10]
Thus, vitamin D has been accepted as one of the natural
immune modulators and regulator of various immune-
mediated processes [11]. In the current review, we aim to
present the accumulated data on the plausible roles of vitamin
D in the pathogenesis of autoimmune diseases as well as the
beneficial effects of vitamin D supplementation in this context.

Geo-epidemiology, Sunlight Exposure, and Vitamin D

Determination of vitamin D status is preformed via meas-
urements of 25(OH)D serum levels [2]. In the last decade,
the recommended levels of vitamin D (250H) have been an
issue of great debate. Currently, it is accepted that maintain-
ing serum 25-OH vitamin D concentration at a level of
30 ng/ml (80 nmol/l) or more is beneficial for maintaining
bone health and calcium homeostasis [2, 12], whereas the
levels required to maintain noncalcemic functions of vita-
min D are yet unknown [13]. Low levels of vitamin D
(below 20 ng/ml) have been documented in healthy and
diseased population worldwide mainly in Northern climate
[14]. However in the last decade, probably due to changes in
life habits, even in sunny climates healthy subjects present
with lower levels of vitamin D [15]. Epidemiological data
underline a strong correlation between poor vitamin D status
and higher risk for chronic illnesses of various etiologies,
including cancers, autoimmune diseases, cardiovascular
morbidity, diabetes, and infectious diseases [12]. A case in
point is infection with mycobacterium tuberculosis (TB).
Decades ago, patients with tuberculosis were sent to conva-
lesce in sanatoriums being exposed to sunlight, and the
mechanisms by which vitamin D affects the immune
responses to TB have been elucidated [6]. Intriguingly,
infection with TB has been linked with the presence of
autoantibodies and autoimmune diseases both of which
may be affected by vitamin D status [6].

In parallel increase in the incidence of autoimmunity has
been documented in the last decades, and an association
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between low sun exposure inducing lower vitamin D and
higher prevalence of certain autoimmune diseases was ob-
served [13, 16, 17]. Furthermore, several autoimmune dis-
eases, including inflammatory bowel disease, multiple
sclerosis, type I diabetes, and rheumatoid arthritis (RA),
have been documented to be more prevalent in Northern
latitudes where sun exposure is reduced [18, 19].

Vitamin D and Autoimmunity

The mechanisms underlying the assumption that vitamin D
is linked with autoimmunity are its anti-inflammatory and
immunomodulatory functions, as well as the presence of
VDRs on most immune cells. In addition, several epidemi-
ological observations support this notion.

Perhaps the most established link between environmental
factors and autoimmunity lies with the interactions between
infections and autoimmunity [20]. Vitamin D triggers the
innate response to infection including the activation of Toll-
like receptors, antibacterial peptides (i.e., cathelicidin), and
cells of the innate response [6, 21]. Hence, one may suggest
that by suppressing infections, vitamin D modulates auto-
immunity. Another example of this triangular link is the
connection between Epstein—Barr virus (EBV), autoimmu-
nity, and vitamin D. EBV is considered one of the most
notorious infectious agents while considering induction of
autoimmunity [22]. Additionally, EBV was allied with
downregulation of VDR expression and vitamin D beneficial
effects [23].

Other epidemiological supports to this supposition are
the numerous studies on vitamin D levels comparing
populations with and without an existent autoimmune
disease. We and others have reported a linkage between
low levels of vitamin D and the presence of some auto-
immune diseases. Of note, not all autoimmune diseases
are linked with low vitamin D, and its levels were com-
parable to healthy population in certain diseases. Additionally,
in our studies, which include all together more than 3,000
patients with various autoimmune diseases, low vitamin D
levels were associated with specific clinical manifestations of
certain autoimmune diseases (Table 1), further supporting a
possible pathogenic connection.

Vitamin D and Systemic Autoimmune Diseases
Systemic Lupus Erythematosus

Systemic lupus erythematosus (SLE) is an autoimmune
disease predominantly affecting women. The disease liter-

ally involves any body system or organ, while skin mani-
festations are among the most common. SLE patients are
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Table 1 Vitamin D levels and
vitamin D receptor polymor-
phisms association with
systemic and organ-specific

Autoimmune disease

Lower vitamin D
levels vs. healthy

Correlation with
clinical manifestations

Vitamin D receptors
(VDR) polymorphism

autoimmune diseases

subjects or disease activity

Systemic lupus erythematosus + + +
Antiphospholipids syndrome + + NR
Rheumatoid arthritis + + +
Systemic sclerosis + + NR
Sjogren disease Normal levels + NR
Undifferentiated connective + +/— NR

tissue disease
Mixed connective tissue + NR NR

disease
Inflammatory myopathies Normal levels - NR
Multiple sclerosis + + +
Autoimmune thyroid disease + + +
Celiac Normal levels - NR
Diabetes mellitus + + +
Crohn's disease + + +
Primary biliary cirrhosis + + +
Autoimmune skin diseases + NR NR
Alopecia areata + NR +

NR not reported

sensitive to sunlight exposure/ultraviolet radiation (i.e., pho-
tosensitivity) that may cause exacerbation of the disease.
For this reason, patients are routinely instructed to avoid the
sun and to use sunblocks extensively. These preventive
methods result also in blocking UVB-induced synthesis of
vitamin D3 (cholecalciferol) in the skin, and thus could be
one of the reasons for vitamin D deficiency among SLE
patients [24]. Apparently, many case—control studies have
demonstrated a significantly lower level of serum vitamin D
in SLE patients compared with matched healthy controls
[25-27]. Being crucial to calcium—phosphorus homeostasis,
vitamin D deficiency may contribute to osteopenia, osteo-
porosis, and renal disease in SLE patients similarly to
healthy subjects [28]. However, the importance of vitamin
D as an immune modulator raises the possibility of specific
roles in SLE pathogenesis. In certain studies, low serum
concentrations of 25-OH vitamin D correlated with SLE
disease activity, further supporting a pathogenic association
between the two. For instance, Amital et al. [29] recently
studied vitamin D levels in a cohort of 378 patients with
SLE originating from Israel and Europe. In this study, a
significant inverse correlation between serum vitamin D
levels and disease activity scores as measured by the
SLEDAI-2K and ECLAM scales was reported. Of note,
inconsistencies regarding such association have been
reported by other researches [27, 30], which may depend
on factors such as different method of evaluation of SLE
activity, time of evaluation of vitamin D level as well as
genetic and geo-epidemiological ones. Another role for vita-
min D in SLE relates to SLE-associated cardiovascular

disease. The excess cardiovascular risk in SLE cannot be
explained entirely by traditional cardiovascular risk factors
[31]. In arecent study, low vitamin D levels were significantly
associated with fatigue and cardiovascular risk among SLE
patients, although most of these associations can be explained
by BMI [32]. Therefore, whether the low levels of vitamin D
are the result or the cause of advanced SLE disease is yet to be
determined. Nonetheless, the numerous beneficial effects of
vitamin D and the high prevalence of vitamin D deficiency in
SLE patients support vitamin D supplementation in this group
of patients.

An association between vitamin D receptor (VDR) gene
Bsml polymorphisms and SLE has been reported in certain
populations. A possible role of the VDR B allele in influ-
encing disease susceptibility and the development of nephri-
tis was documented in Han Chinese and Japanese ones [33,
34]. Intriguingly, in a relatively smaller study of Thai SLE
patients, no correlation between VDR gene Bsml polymor-
phism and SLE disease could be reported [35].

Antiphospholipid Syndrome

Antiphospholipid syndrome (APS) is an autoimmune hyper-
coagulable state caused by antibodies against cell membrane
phospholipids (aPL) which provokes blood clots (thrombosis)
in both arteries and veins as well as obstetric morbidity and
different systemic manifestations. Thrombosis in APS is me-
diated by antiphospholipid antibodies as anti-32GPI ones.
The latter induce endothelial dysfunction, monocyte and
platelet activation, as well as overexpression of tissue factor,
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adhesion molecules, and cytokines, of which the role of tissue
factor is considered to be pivotal [36]. From a clinical point of
view, the role of vitamin D in the antiphospholipid syndrome
has been rarely described. We have documented low vitamin
D levels among 160 APS patients [37]. In a second study, we
were able to confirm a higher prevalence of vitamin D defi-
ciency (<15 ng/ml) among APS patients compared to matched
healthy controls (49.5 vs. 30 %, respectively, p<0.001). Nota-
bly, we observed a significant inverse correlation between
vitamin D levels and thrombotic manifestations (p<0.05).
Additionally, in an in vitro model of anti-32GPI-induced
endothelial cell activation, we were able to document decrease
expression of tissue factor following the addition of the active
form of vitamin D, thus suggesting a role for vitamin D
supplementation in preventing APS-mediated thrombosis
[38]. In support of this notion, a recent Swedish study reported
of an association between sun exposure and thromboses
among more than 29,000 subjects. A 50 % increased risk of
venous and arterial thrombosis was observed during winter
compared with other seasons, whereas a significantly lower
risk of thrombosis was reported in women who were more sun
exposed [39]. Nowadays, no data are available regarding VDR
polymorphisms and APS.

Rheumatoid Arthritis

RA is the most common autoimmune arthritis. The interac-
tions between environment and genes are crucial in all
stages of this autoimmune disease [40], of which vitamin
D deficiency was found to be common in RA patients
affecting up to 65 % of them [41]. VDR polymorphism
was found to be associated with RA onset and activity
[42], and experimental data showed that VDRs are present
on macrophages, chondrocytes, and synovial cells from RA
affected joints.

Several studies addressed the issue of association be-
tween low vitamin D levels and RA disease. In certain
studies, RA activity, disability scores, and clinical manifes-
tations were related to vitamin D status [43, 44]. Patel and
colleagues [45] found a strong inverse association between
baseline levels of serum 25(OH)D in patients with newly
diagnosed inflammatory polyarthritis, 45 % of whom were
classified as having RA at 1 year. In addition, vitamin D
levels were related to baseline disease activity, RA disease
activity scores (DAS28), and health assessment question-
naires scores. In another study, an inverse association be-
tween vitamin D status and pain was documented [46]. Last
but not least, a recent discovery suggests that the reduced
serum levels of vitamin D commonly seen in RA may
increase fibroblast-like synoviocyte mediated cartilage and
bone invasion and erosions, thus supporting a plausible role
for vitamin D supplementation to prevent or reduce bone
and joint destruction [47]. On the other hand, in a study of
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499 active RA patients, no correlation between serum 25
(OH) vitamin D levels and disease activity was observed nor
with response to therapy or radiographic progression [48].
Additional study did not find any link between vitamin D
intake and the incidence of RA [49].

Nonetheless, it is widely accepted that treatment of vita-
min D deficiency in patients with RA is relevant as defi-
ciency is common in this group of relatively older patients.
Moreover, vitamin D therapy may reduce the increased risk
of falls and fracture in this group. Interestingly, climatother-
apy at the Dead Sea induced significant increase in 25-OH-
D serum levels and reduced musculoskeletal pain and dis-
ease severity [50]. While in murine models of human arthri-
tis, 1,25-dihydroxycholecalciferol inhibits the progression
of arthritis [51]. Taking it all together, although there is
clinical uncertainty, one may suggests that in patients with
RA, especially older ones, and post-menopausal women,
vitamin D supplementation may be beneficial [52].

Systemic Sclerosis

Systemic sclerosis (SSc) is a chronic progressive systemic
autoimmune disease of unknown etiology. The disease is
characterized by excess synthesis and deposition of collagen
and other extracellular matrix components in a variety of
tissues and organs. This leads to vasomotor disturbances,
fibrosis, atrophy of the skin and subcutaneous tissue, and
multi-organ involvement. Vitamin D deficiency in SSc may
be related to several factors, including insufficient sun ex-
posure due to disability, reduced vitamin D production in the
skin due to fibrosis and thickening of the skin as well as
insufficient intake because of gut involvement and malab-
sorption. On the other hand, low levels of vitamin D may
play a role in the occurrence of the disease itself.

Vitamin D deficiency was reported in several studies
regarding patients with SSc from different areas around the
globe including patients from sun-exposed area as the south
of Spain and Morocco [53-56]. A plausible association with
exposure to the sun was also suggested by Seriolo et al. [57]
who reported on seasonal variations in serum levels of 25-
hydroxyvitamin-D in these patients. Age and vitamin D
deficiency were identified as risk factors of osteoporosis
and fractures in SSc patients. In addition, vitamin D status
has been linked with specific manifestations of SSc. We
have recently found a correlation between vitamin D defi-
ciency and skin thickening (measured by Rodnan’s Score) in
SSc patients [58].Others reported a link between vitamin D
levels and severity of joint pain, immunological status [53]
or longer disease duration, lower DCLO, higher pulmonary
arterial pressure, and higher inflammatory markers [59].
Hence, vitamin D deficiency seems to be very common
among SSc populations independent of their geographic
origin. This deficiency is related to osteoporosis as well as
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SSc disease manifestations. Thus, vitamin D supplementa-
tion may be recommended to SSc patients to normalize its
status. The beneficial effects of higher doses of vitamin D,
especially in patients with inflammatory activity or severe
disease, require further studies [56].

Sjogern's Syndrome

Primary Sjogren's syndrome (SS) is a slowly progressive
autoimmune disease of the exocrine glands. In up to 50 % of
patients, extraglandular manifestations (i.c., lungs, kidney,
liver, skin, musculoskeletal, and nervous system) may be
exhibited. However, unlike most systemic autoimmune dis-
eases, vitamin D level in SS was found to be similar to
healthy subjected, and its association with certain systemic
manifestations of disease is still an issue of debate. In a
small Danish study performed in 1990, serum levels of 1,
25-OH D3 were equivalent, whereas 25-OH-D3 levels were
lower in 41 SS patients compared to normal controls [60].
More recent data from another small case control study from
Hungary found no significant differences in vitamin D lev-
els in 25 SS patients with and without extraglandular man-
ifestations [61]. Lately, we evaluated vitamin D levels
among 176 primary SS patients from several European
countries and 163 matched healthy controls. Although vita-
min D levels were comparable between SS patients and
controls, lower levels of vitamin D correlated with the
presence of peripheral neuropathy and lymphoma [62]. Both
of which were linked to vitamin D deficiency in other
conditions further supporting the plausible role of vitamin
D in the pathogenesis of these expressions.

Vitamin D and Undifferentiated Connective Tissue Disease

Undifferentiated connective tissue disease (UCTD) may be
considered as an early stage of all systemic autoimmune
diseases and refers to a situation in which certain clinical
manifestations and immunological abnormalities are sug-
gestive of an autoimmune disease but do not fulfill any
disease classification. According to the literature, eventually
30-40 % of the UCTD patients will be diagnosed as having a
defined autoimmune disease as SLE, RA, mixed connective
tissue disease (MCTD), SS, etc. Patients with undifferenti-
ated connective tissue disease show vitamin D deficiency
and, interestingly, patients who progress into a full blown
defined connective tissue disease have lower vitamin D
levels than those who remain in the undifferentiated con-
nective tissue disease stage [63, 64]. These data were sup-
ported by the finding that low vitamin D levels are related to
CD4+Th17/nTreg imbalance in UCTD patients, which was
suggested as having a potential role in the progression from
UCTD towards a well-established connective tissue disease
[42]. Thus, it seems that vitamin D substitution therapy can

improve the fine balance of pro- and anti-inflammatory
processes in the disease.

Vitamin D and Mixed Connective Tissue Disease

MCTD is a disorder characterized by overlapping features
of systemic lupus erythematosus, systemic sclerosis, and
polymyositis. Serologically, MCTD is distinguished by the
presence of high titers of anti-Ul-ribonucleoprotein RNP
antibody. A high prevalence of vitamin D insufficiency in
MCTD patients was reported. In addition, it has been shown
that the low vitamin D levels in MCTD patients are inverse-
ly related to the rise of inflammatory cytokines [65].

Inflammatory Myopathies

The inflammatory myopathies are rare disorders unified by
feature of muscle weakness and inflammation. These dis-
eases include polymyositis, dermatomyositis, and inclusion
body myositis as the most common. Lately, an association
between statin-related muscle disease and vitamin D was
suggested, but such a link with inflammatory myopathies
was rarely reported.

In a small study of 21 patients with juvenile dermato-
myositis, serum 25(OH)D levels were inversely associated
with disease activity [66]. We have recently evaluated a
large cohort of adult patients with inflammatory myopathies
and found their levels of vitamin D to be comparable to
healthy subjects; moreover, no association was observed
between clinical manifestations of disease and vitamin D
levels (unpublished data).

Vitamin D and Organ-Specific Autoimmune Diseases
Multiple Sclerosis

Multiple sclerosis (MS) is an autoimmune demyelinating
disease characterized by neurological and cognitive mani-
festations. MS is more common in women, in certain ethnic
populations, and in subjects living in high altitudes with low
sun exposure [16] The etiology of MS is yet unknown,
although several genetic and environmental factors have
been implicated in its development. Among the dietary
components related to MS, vitamin D status has been stud-
ied extensively [67, 68]. Low levels of vitamin D are com-
mon in patients with MS, and alongside, limited sun
exposure increases the likelihood of MS appearance, espe-
cially in young age [69, 70]. Moreover, low levels of vita-
min D were associated with increased relapses of MS and
vice versa [71].

Vitamin D was reported to induce changes in the gene
expression of immune cells derived from patients with MS
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[72]. Furthermore, a complex process including autonomic
nervous system dysfunction (i.e., reduction in arterial blood
pressure and alterations in cerebral autoregulation), com-
bined with inflammation, was suggested as crucial in the
development of MS. These autonomic dysfunctions were
found to be altered by environmental factors such as the
Epstein—Barr virus and vitamin D, and possibly by the
combined effect of both [73].

The substantial evidence on association between low
levels of vitamin D and MS prompted the performance of
therapeutic trials. In a small study, the administration of high
dose (6,000 1.U.) of vitamin D compared to low dose
(1,000 I.U.) for 6 months to patients with relapsing remitting
MS did not show any significant clinical or radiological
(MRI) effect [74]. However, administration of much higher
doses of vitamin D [i.e., 40,000 IU/day over 28 weeks,
followed by 10,000 IU/day (12 weeks)] appeared to be safe
and reduce the rate of relapses, although this phase I/II study
lacked statistical precision and the design requirements to
adequately assess the beneficial effects of this therapy [75].
In another study, treatment with vitamin D decreased inflam-
matory activity in MS as revealed by an anti-inflammatory
cytokine profile [76].

Last but not least, the extent to which potential genetic
determinants of vitamin D levels may be related to multiple
sclerosis (MS) risk has recently been explored. A nested
case—control study included 214 MS cases and 428 age-
matched controls which were assessed for gene—environ-
ment interactions. No associations were observed for any
single-nucleotide polymorphisms (SNPs) in VDR in this
cohort; however, an interaction (p=0.04) between dietary
intake of vitamin D and the vitamin D receptor FokI poly-
morphism on MS risk was observed. In other words, a
protective effect of increasing vitamin D levels using
400 IU/day was evident in individuals with the 'ff' genotype
(RR=0.2, 95 % CI, 0.06, 0.78; p=0.02) [77]. In another
study, the interactions between HLA-DRB1*15 allele, the
main genetic risk factor for MS in Caucasians, and vitamin
D/vitamin D receptor (VDR) complex were analyzed. The
results of this study support a protective effect of the rs731236
TT VDR genotype that modulates VDR expression and
confers protection against MS in HLA-Dn RBI1*15-positive
individuals [78].

Autoimmune Thyroid Disease

Autoimmune thyroid diseases (AITDs), namely Hashimoto's
thyroiditis (HT) and Graves' disease, are the most prevalent
autoimmune disorders. Recently, we have found [79] a statis-
tical significant deficiency of vitamin D (less than 10 ng/ml) in
European patients with AITDs compared to healthy individu-
als (72 versus 30.6 %; P<0.001). Of note, patients with
Hashimoto's thyroiditis were most severely affected. Low
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levels of vitamin D were related to the presence of antithyroid
antibodies and abnormal thyroid function tests [79], suggest-
ing the involvement of vitamin D in the pathogenesis of
AITDs and the advisability of supplementation. Thyroid au-
toimmunity is linked with infertility and adverse pregnancy
outcomes, including miscarriage or preterm deliveries, even in
euthyroid women. Lack of vitamin D was suggested as a
predisposing factor to infertility and pregnancy loss, suggest-
ing a potential interplay with thyroid autoimmunity in the
context of infertility [80].

Other reports have yielded conflicting results. In a study
from India, 87 % of the cohort exhibit low levels of vitamin
D (less than 25 nmol/l). However, these values showed only
weak inverse correlation with anti-thyroid antibody titers.
The authors speculated that this weak association is due to
the narrow range of serum 25(OH) D values in this study
[81]. In another study, vitamin D levels in patients with early
autoimmune thyroid diseases did not differ from those of
matched healthy population [82].

Several studies of different populations have documented
links between VDR polymorphism and autoimmune thyroid
diseases. For instance, in Chinese patients in Taiwan, a
significant difference between HT patients and normal con-
trols in VDR SNP was observed. In this cohort, patients who
carry the C/C homozygote of the VDR-FoklI gene polymor-
phism in exon 2 were found to have a higher risk of devel-
oping HT [83]. Other studies evaluating Croatian population
confirmed this concept. In the latter population, an associa-
tion between HT and haplotypic variants within the VDR
gene 3'-region previously linked to VDR mRNA expression
was reported [84], while an association between Graves'
disease and VDR gene Bsml/Apal/Taql polymorphisms
was reported in patients from Eastern Croatia. The Apal
and Bsml "AA" and "BB" genotypes, respectively, as well
as combined "BBAALtt" genotype, appeared to confer pro-
tection against Graves' disease, whereas Apal "aa" and Taql
"TT" genotypes were associated with an increased risk for
Graves' disease in this population [85].

Celiac Disease

Celiac disease (CD) is a common immune-mediated disor-
der that occurs in genetically predisposed individuals (car-
riers of HLA-DQ2 and DQS8 haplotypes) upon consumption
of wheat (gluten). A well-established relationship between
low bone mineral density and CD was reported, mainly
during active disease, in which nutritional and vitamin D
status may be decreased [86]. However, we have recently
analyzed the levels of vitamin D in a large cohort of Spanish
and Israeli patients with celiac disease. In our cohort, most
patients were on gluten-free diet with no evidence of active
disease, and their vitamin D status was comparable to
healthy matched controls [87]. Moreover, we could not find
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any report on vitamin D levels or VDR polymorphism
relation to celiac disease.

Type I Diabetes Mellitus

Type I diabetes mellitus (TID) is a metabolic disorder pre-
sented with insulin deficiency due to destruction of insulin-
producing islet cells in the pancreas. This is in contrast to
type II diabetes mellitus (TIID), formerly termed non-
insulin-dependent diabetes mellitus (NIDDM) or adult-
onset diabetes, which is a metabolic disorder characterized
by high blood glucose in the context of insulin resistance
and relative insulin deficiency. Experimental and epidemio-
logical evidence established a link between vitamin D defi-
ciency and an increased incidence of both TID and TIID. A
higher incidence of hypovitaminosis D was observed in
patients with both types of diabetes, and lower levels of
vitamin D were related to poor control of type I disease [88].
Pancreatic tissues, particularly the insulin-producing beta-
cells, similarly to cells of the immune system, express the
vitamin-D receptor (VDR) and vitamin D-binding protein.
In addition, vitamin D promotes calcium absorption and
utilization, which is necessary for beta cells function and
insulin secretion [88, 89]. Last but not least, allelic varia-
tions in genes involved in vitamin D metabolism and VDR
are associated with glucose intolerance, insulin secretion,
insulin sensitivity, and inflammation [90]. Taking it all to-
gether, it has been accepted that vitamin D plays a role in the
pathogenesis of diabetes mellitus. However, whether in-
creasing vitamin D status would reduce the risk of diabe-
tes is yet to be answered. In non-obese diabetic mice and
other models of T1D, pharmacologic doses of 1,25-dihy-
droxyvitamin-D, the active form of vitamin D, prevented
insulitis and the appearance of overt T1D [90]. Recently,
Sorensen and colleagues [91] evaluated the odds of type 1
diabetes among children born to mother with vitamin D
deficiency. More than twofold increase in the risk of TID
was observed in offspring of women with the lowest
levels of 25-OH D compared with the offspring of those
with levels above the upper quartile. However, studies on
vitamin D supplementation for patients with established
TID have yielded conflicting results, and the required
doses, length of treatments, and other therapeutic factors
are yet unknown [92, 93].

Crohn's Disease

Crohn's disease is one of two main inflammatory bowel
diseases. The pathogenesis of inflammatory bowel disease
is that abnormal intestinal inflammations occur in genetical-
ly susceptible individuals following exposure to various
environmental factors. Although vitamin D deficiency
occurs in inflammatory bowel disease, it is currently unclear

to what extent it is associated with the pathogenesis of
diseases as well as with seasonality and genetic factors.
Lately, serum 25-hydroxy vitamin D concentrations were
found to be significantly lower in Crohn's disease patients
than in control subjects during different seasons (i.e., winter
and summer) [94]. Other studies have shown that up to 65 %
of patients with Crohn's disease have low serum 25-hydroxy
vitamin D concentrations, and 45 % of these patients have
metabolic bone disease [95]. Joseph et al. [95] have evaluated
34 patients with Crohn's disease and 34 matched controls. 25
(OH) vitamin D levels were significantly lower in patients
with Crohn's disease as compared to controls (16.3+10.8 vs
22.8+11.9 ng/ml, respectively; P<0.05). Moreover, the sever-
ity of disease activity as assessed by the Harvey Bradshaw
score negatively correlated with vitamin D levels (correlation
coefficient —0.484, significance P<0.004) [95]. In a second
study [18], administration of the active form of vitamin D 1,
25(0OH) D2 was compared to plain vitamin D in managing
osteoporosis in patients with Crohn's disease. The activity of
Crohn's disease was also measured clinically and by labora-
tory parameters. At week 6, the Crohn's Disease Activity
Index scores and concentration of C-reactive protein signifi-
cantly decreased (P<0.05), while a prominent short-term ben-
eficial effect on bone metabolism was observed [18].

The VDR gene represents a strong candidate susceptibil-
ity gene for inflammatory bowel disease as the VDR gene
maps to a region on chromosome 12 that has been strongly
linked with these autoimmune diseases. In a European study
of 158 patients with ulcerative colitis, 245 with Crohn's
disease, and 164 cadaveric renal allograft donor controls,
significantly more homozygotes for the Taql polymorphism
at codon 352 of exon 8 (genotype "tt") were found among
patients with Crohn's disease compared to those with ulcer-
ative colitis or controls (odds ratio 1.99; 95 % confidence
interval, 1.14-3.47; p=0.017) [96].

Primary Biliary Cirrhosis

Primary biliary cirrhosis (PBC) is an autoimmune disease of
the liver, with female to male ratio of at least 9:1. This liver
disease is marked by slow progressive destruction of the
small bile ducts (bile canaliculi) within the liver, and even-
tually, liver scarring, fibrosis, and cirrhosis. PBC is a model
autoimmune disease characterized by a highly directed im-
mune response to pyruvate dehydrogenase (PDC-E2) [97,
98]. Similarly to other autoimmune diseases, a mosaic of
genetic and environmental factors was suggested to play a
role in its pathogenesis. VDRs’ polymorphisms were docu-
mented to be associated with increased susceptibility to
PBC in Japanese, Italian, and Polish populations [98, 99].
Additionally, we have recently analyzed a cohort of 78
patients with PBC, which demonstrated significantly lower
levels of vitamin D compared to healthy matched controls.
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Moreover, vitamin D levels correlated with markers of PBC
disease activity (unpublished data).

Autoimmune Skin Diseases

Hypovitaminosis D was reported in patients with autoim-
mune bullous skin diseases [100], as well as in patients with
alopecia areata. In contrast to former studies, VDR poly-
morphisms were not associated with the presence of alope-
cia [101]. The significance of these observations requires
further studies.

Conclusions

Epidemiological, genetic, and basic studies indicate a poten-
tial role of vitamin D in the pathogenesis of certain autoim-
mune diseases, most of which demonstrate a correlation
between low levels of vitamin D and disease appearance or
manifestations. The presence of VDR polymorphisms may
further support such plausible pathogenic link. Neverthe-
less, the current available data hold many inconsistencies,
and a major limitation of present cross-sectional studies is
that reverse causation is also likely as low vitamin D level
may be the consequence, not the cause. Therefore, further
studies addressing the mechanisms by which vitamin D
status affect autoimmunity as well as large epidemiological
studies are in need.

Vitamin D supplementation is crucial for the maintenance
of bone density. Such supplementation was suggested to be
also beneficial for the primary prevention of autoimmune
diseases as diabetes mellitus and multiple sclerosis [11].The
effects of treatment with vitamin D, or its analogues on
established autoimmune diseases, have been addressed only
in several small open-label studies and interventional trials.
In an open-label observational study of 60 SLE patients in
Spain who took vitamin D3 supplementation for 2 years,
significant improvement was seen in subject fatigue as mea-
sured by a visual analog scale, but not with SLE disease
activity measures [39]. Studies assessing vitamin D treat-
ment for patients suffering from multiple sclerosis, rheuma-
toid arthritis, and Crohn's disease were detailed above.

Presently, there is a consensus regarding the target range
for serum 25-OH-levels of vitamin D (i.e., at least 30 to
40 ng/mL), and the safety of supplementation doses of
2,000-4,000 IU/day [12]. However, the appropriate regimen
for vitamin D therapy that will be sufficient to modulate
immunological homeostasis (e.g., 10,000 IU/day or more) is
yet to be determined. Also, novel vitamin D analogues with
more pronounced immune modulation effects and lower
activity on calcium metabolism are in the pipeline, and
might represent a great innovative opportunity for the treat-
ment of vitamin D deficiency in autoimmune disorders.

@ Springer

Randomized controlled trials are necessary to establish the
clinical efficacy of different vitamin D supplementation
protocols as well as the required dose or increment in
vitamin D serum levels. Nonetheless, evidence regarding
the purported benefit of vitamin D supplementation on a
multitude of health outcomes has been reported worldwide.
Furthermore, given the fact that supplementation of vitamin
D in its native form is harmless and inexpensive, we believe
that time has come to advocate for a wider use of vitamin D
supplementation.
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