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ARTICLE INFO ABSTRACT

Am'df? history: The immunomodulatory effects of vitamin D have been extensively studied in the context of autoimmunity. Mul-
Received 23 February 2017 tiple studies have demonstrated a high prevalence of vitamin D deficiency in autoimmune diseases. Recently, a
Accepted 28 February 2017 possible protective role of vitamin D in autoimmunity has been described; however, this function remains con-

Available online 12 April 2017 troversial. Few studies have investigated the role of vitamin D in patients with Sjogren syndrome (SS). In this re-

view, we compiled the main features of SS pathogenesis, the vitamin D immunomodulatory effects and the

Isj%gg;d;mdmme possible interaction between both. Data suggests that vitamin D may play a role in the SS pathogenesis. In addi-

Vitamin D tion, vitamin D low levels have been found in SS patients, which are associated with extra-glandular manifesta-
Immunomodulation tions, such as lymphoma or neuropathy, suggesting a possible benefit effect of vitamin D in SS.
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1. Vitamin D metabolism

Vitamin D is a true steroid hormone that shares common structures
with glucocorticoids; both are synthetized from cholesterol [1]. Vitamin
D may be considered a component of the “vitamin D endocrine system”,
which includes specific enzymes, active and inactive metabolites, the vi-
tamin D receptor (VDR), the vitamin D-binding protein and regulatory
hormones for the synthesis and catabolism of vitamin D [2]. The main
source of vitamin D is its synthesis in the skin by UV-B radiation, with
variations that depend on the latitude and season [3].

1.1. Synthesis of vitamin D, active metabolites and excretion

Pro-vitamin D (7-dehydro-cholesterol), produced from cholesterol
metabolism, is the precursor of vitamin D (cholecalciferol). After expo-
sure to UV-B radiation, pro-vitamin D generates pre-vitamin D, which is
unstable and, after reorganization of its three double bonds, yields inac-
tive vitamin D [2,3]. Next, vitamin D is transported by the blood stream
by the vitamin D-binding protein (DBP) to the liver, where it is hydrox-
ylated by 25-hydroxylase, forming 25-hydroxyvitamin D (25(0H)D)
[4]. This molecule binds to the DBP and is carried to the kidney, filtered
by the glomeruli and captured by the transmembrane proteins, cubilin
and megalin, which function as DBP receptors in the proximal tubule
and internalize 25(0OH)D in the tubular epithelial cells. 25(OH)D is hy-
droxylated in carbon 1 of the A ring by 1a-hydroxylase, which finally
generates 1,25 dihydroxy-vitamin D (1,25(0H)2D), the functional and
active form of vitamin D [5]. 25(OH)D and 1,25(0OH)2D are finally hy-
droxylated in carbon 24 by 24-hydroxylase in the kidney, yielding
24,25(0H)2D, an inactive molecule of easy excretion. All cells express-
ing the VDR also have 24-hydroxylase [3,6].

1.2. Vitamin D receptor

The biological actions of 1,25(0H)2D are mediated by the VDR, a
member of the two protein domain-steroid receptor family. The N-ter-
minal region is highly conserved and comprises the DNA-binding do-
main, while the ligand domain is located in the C-terminal region. The
binding of 1,25(0H)2D to the receptor induces a conformational change
that facilitates the interaction with RXR and co-regulatory complexes.
The activated VDR receptor binds to specific sites in the DNA called vita-
min D response elements (VDRE), affecting the transcription of the cor-
responding gene [7,8].

1.3. Regulation of vitamin D metabolism

The synthesis of 1,25(0H)2D is regulated by the parathyroid hor-
mone (PTH), through the fluctuation of calcium serum levels. Hypocal-
cemia stimulates the production of PTH, which stimulates the synthesis
of 1,25(0H)2D; in turn, this component lowers PTH levels by negative
feedback [3,9].

2. Role of vitamin D as an immune system regulator

The vitamin D system coordinates growth, metabolic processes, dif-
ferentiation, death, reproduction and regulation of the immune system
cells as a consequence exposure to sunlight. This concept has been ac-
cepted since the discovery of the VDR in T lymphocytes [3].

2.1. Innate immunity

The vast majority of the immunoregulatory functions of vitamin D
are carried out by its active form, 1,25(0H)2D [10], which stimulates
the production of cathelicidin in some monocytes, lung, intestinal and
epithelial cells, keratinocytes and placental trophoblasts. In addition, it
is reported that VDR activation triggers the expression of the antimicro-
bial peptide, defensin beta 4, requiring the convergence of the IL-1(3 and
VDR pathways [9,11]. In addition, 1,25(OH)2D increases the production
of reactive oxygen species and the activation of antibacterial autophagy
during the antimicrobial response in vitro [9].

2.2. Adaptive immunity

1,25(0H)2D plays a suppressor role in adaptive immunity, mainly
on the synthesis pathways of cytokines in lymphocytes [10]. It dimin-
ishes the response mediated by Th1 lymphocytes, specifically in the
synthesis of the pro-inflammatory cytokines IL-2 and IFN+y [12]. In con-
trast, 1,25(0OH)2D favors the production of cytokines in Th2 lympho-
cytes. In regulatory T cells (Treg),1,25(0OH)2D induces the expression
of FoxP3, a transcription factor involved in the development and func-
tion of Treg lymphocytes; they are known to be vitamin D response el-
ements in the promoter region of the FoxP3 gene [13]. In dendritic cells,
1,25(0H)2D inhibits differentiation, suppression of the pro-inflamma-
tory cytokine IL-12 and increases in the anti-inflammatory cytokine
IL-10 [14].

One of the most important cells suppressed by 1,25(0H)2D is the
Th17 lymphocyte, which have been closely related to the pathogenesis
of a number of autoimmune diseases [15]. There is evidence of the ex-
pression of genes associated with inflammation in Th17 lymphocytes,
which are important in the defense mechanisms against mucocutane-
ous candidiasis and Staphylococcus aureus infections. In fact, inhibition
of the effector pathways of IL-12, IL-17A and IL-17RA has therapeutic ef-
fects in psoriasis and rheumatoid arthritis (RA) [15]. It has been ob-
served that CD4 + cells from VDR knocked-out mice showed more
development towards Th17 in several in vitro conditions; in addition,
T CD4 + cells presented overproduction of [L-17 [15,16]. This negative
regulation of 1,25(0H)2D on Th17 has been reported in several studies,
for example, Wen H et al. found that peripheral mononuclear cells in pa-
tients with RA had reduced IL-17, IL-6 and TNFa levels when cultured in
the presence of 1,25(0H)2 D, which indicates a specific immunosup-
pressive effect on cytokine production for the development of Th17
[17].

3. Vitamin D and autoimmunity

Vitamin D and its active form have been proposed as crucial factors
related to autoimmune diseases and epidemiological studies have iden-
tified vitamin D deficiency as a risk factor for autoimmune diseases [18].
See Fig. 1.

Serum levels of 25(OH)D are the best markers of serum vitamin D
levels. Vitamin D deficiency is defined as serum 25(OH)D < 10 ng/mL,
and is commonly associated with muscle weakness, bone pain and frac-
tures. However, vitamin D insufficiency, defined as serum 25(OH)D of
10-30 ng/mL, is mainly asymptomatic [15,19]. Low vitamin D levels
have been associated with major immune system-mediated rheumatic
diseases such as systemic lupus erythematosus (SLE) and RA [1,20].
The possible association between low levels of vitamin D and autoim-
mune diseases has been reinforced by clinical improvement after vita-
min D supplementation in animal models [21]. It is speculated that



M. Garcia-Carrasco et al. / Autoimmunity Reviews 16 (2017) 587-593 589

mplex vtamin D

+ vitamin D receptor |
{VOR) ¢ retsnosd X
receptor ® vitamin D |
rasgonsie eaments

.‘/'_-
¢ {
[
X
= -
Autoantibodies

production
Adaptive immune

response

Stimulate

Autoreactive T cells

__jmon

- &
Type | alveolar cells Keratinocytes

Innate immune
response

Cl
Intestinal
epithelium

oblast

Regulates

N

Regulatory T
cell

Fig. 1. Vitamin D and immune regulation. Once vitamin D binds to its receptor inside the nucleus, it also binds to the co-receptor R x R (retinoid x receptor): this complex binds to response
elements for vitamin D (VDRE) and activates different groups of genes. The essential immunomodulation function of vitamin D is to stimulate the cells of the innate immune system, to
inhibit the auto reactivity of the adaptive immune response and to regulate the intensity of the immune response via activation of regulatory T cells. As a consequence, vitamin D helps
protect against microbial infections through the innate immune system, and against autoimmune diseases by means of the modulation of the adaptive immune response.

this effect is due to a decrease in IL-12 and IL-17 and a concomitant in-
crease in IL-10 [9,13,22] (see Fig. 2).

It is suggested that exposure to sunlight plays a protective role
against these autoimmune diseases, partly due to an increase in the
calcitriol available for the regulation of the T lymphocyte response. It
is known that paracrine signaling of T lymphocytes inside tissues is
the main pathway through which sunlight exerts its functions related
to the autoimmune disease phenotype [23]. The mechanisms of vitamin
D in the development of autoimmune diseases may be centered on the
regulation of T lymphocytes, because these cells in an immunoreactive
status are part of the onset of a number of autoimmune diseases [24].

Antigen-presenting cells (APC) are also involved in the development
of autoimmune diseases [14]. There is evidence that these cells secrete
calcitriol, producing a paracrine role for vitamin D in these immune
cells [23]. Activation of the VDR in APC changes the phenotype towards
a state of immune tolerance during the adaptive immune response. It is
hypothesized that dendritic cells treated with VDR agonists promote
the formation of regulatory T cells (lineage CD4 + CD25 + FoxP3),
which can create immune tolerance and stop the development of auto-
immune diseases [14]. For example, one of the main characteristic of
immune dysregulation in SLE is an increase in dendritic cell maturation
which induces an increase in Th1 and activation of B lymphocytes [25]
Wahono et al. studied the behavior of the immune system in patients
with SLE treated with 1, 10 or 100 nM of 1,25(0OH)2D and found that
the treatment inhibited dendritic cell maturation due to a decrease in
the expression of CD40, CD86, HLA-DR and IL-12p70, which are co-stim-
ulators of T cell activation. In addition, a reduction in Th17 cells and IL-
17A levels in CD4 cells and an increase in Treg cells was observed. The
dose of 100 nM rather than having an immunomodulatory effect was
found to be toxic, activating other mechanisms to maintain

homeostasis, with an increase in the percentage of Th17 cells and the
production of [L-17A [26].

A possible role of some VDR polymorphisms in the development of
autoimmune diseases has been postulated [27]. The VDR locus is located
on chromosome 12q13.1, and four polymorphisms have been de-
scribed: Apal, Fokl, BsmlI and Taql. Fokl seems to have the closest associ-
ation with autoimmune states, especially SLE, multiple sclerosis and
type I diabetes mellitus. It has a second codon in the start site and the
formation of two different sites, meaning it can synthetize two protein
variants: one large version with three additional amino acids, named
the f allele and a short version, the F allele [28]. In vitro studies have
found that patients with the FF genotype showed more proliferation
of monocytes and dendritic cells and produced more IL-12 when stimu-
lated with phytohemaglutinin, when compared with their ff counter-
parts [29]. Patients with the ff phenotype had increased levels of
serum 25(OH)D compared with patients with the FF phenotype [30].

4. Vitamin D and Sjogren syndrome
4.1. Vitamin D deficiency in Sjogren syndrome

The relationship between low levels of vitamin D and Sjogren syn-
drome (SS) is still controversial. The lack of exposure to UV rays as
part of the treatment for the skin manifestations of the disease has
been postulated as a risk factor for vitamin D deficiency [31].

Vitamin D deficiency is relatively frequent in patients with primary
SS, thus suggesting a possible role in the pathogenesis of the disease
[32]. Ragamolopan et al. analyzed admission records and hospital
deaths in England from 1999 to 2011 in order to investigate correlations
between serum vitamin D levels and autoimmune diseases in patients
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Fig. 2. Role of vitamin D in Sjogren syndrome. Polymorphisms in the vitamin D receptor gene (Bsml, Taql, Apal, y Fokl) and vitamin D deficiency may contribute to the development of
Sjogren syndrome. Faced with this association, it is possible that the antigen presenting cell (dendritic cell) directly damages the gland tissue via the release of IFN-c; on the other
hand, there is also release of cytokines that promote an autoimmune response. Autoreactive B cells (Th2 response and related to IL-2, 4, 6 and 10) differentiate to plasma cells, which
synthesize rheumatoid factor (IgM, IgG and IgA). There is also a cell mediated immune response (via IFN-y) with activation of TCD4+-, TCD8 + y NK autoreactive cells; in addition, the
activation of regulatory T cells is related to the production of TGF-{. The final result is infiltration of the salivary gland by T cells, NK, plasma cells and, probably, fibrotic tissue.

admitted for vitamin D deficiency or a related disease (osteomalacia and
rickets). Of the 8.6 million patients in the reference cohort, 13, 260 had
vitamin D deficiency (71% women) and showed a significantly-in-
creased risk for a number of autoimmune diseases. Specifically, there
was a significantly increased risk for SS in patients with vitamin D defi-
ciency, osteomalacia and rickets. The authors suggested that vitamin D
deficiency was related to the development of autoimmune diseases
due to defective immune regulation or that there was an inverse causal-
ity, that is to say, either a subclinical autoimmune disease or clinically-
overt disease not registered in the hospital admission, which caused a
reduction in vitamin D levels as a result of the chronic inflammatory
state or the lack of sun exposure [18]. In contrast, some studies have
been unable to demonstrate that SS is associated with low levels of vita-
min D [21,33].

In patients with SS, some authors have linked vitamin D deficiency
to the appearance of peripheral neuropathy, non-Hodgkin lymphoma
and congenital heart block in siblings of mothers with positive anti-
SSA and anti-SSB antibodies [34]. With respect to peripheral neuropa-
thy, it is known that 1,25(0OH)2D plays several roles in the nervous sys-
tem: biosynthesis of neurotropic factors, production of enzymes for
neurotransmitter synthesis, inhibition of inducible nitric oxide synthase
(iNOS) synthesis and it increases the levels of glutathione and gamma-
glutamyl-transpeptidase [4]. Agmon-Levin et al. found that patients
with SS and sensorial or motor-sensory neuropathy had lower levels
of vitamin D compared with patients without neuropathy [21]. In light
of this evidence, it may be speculated that low levels of vitamin D in pa-
tients with SS might play a significant role in the development of this
extraglandular manifestation, but well-designed studies are needed to
test this hypothesis.

There is strong epidemiologic evidence of a higher incidence of lym-
phoma in patients with SS compared with the general population, and
the pathogenesis is well documented [35]. Low serum 25(0H)D levels
have been found in patients with lymphoma, and there is a correlation
with the clinical manifestations, prognosis and therapy [36]. Agmon-
Levin found lower levels of vitamin D in patients with SS and lymphoma
compared with patients without lymphoma, with low vitamin D levels
being independent of the presence of clinical and serological parame-
ters associated with lymphoma [21].

Antinuclear antibodies, rheumatoid factor and especially Ro/SSA and
La/SSB antibodies are the key serological findings in patients with SS.
Positivity of Ro/SSA and La/SSB antibodies have been associated with
glandular dysfunction, a higher prevalence of extra-glandular manifes-
tations, hypergammaglobulinemia and other markers of B cell activa-
tion; Ro/SSA and La/SSB antibodies have also been associated with
congenital cardiac block in neonates of mothers with SS [37]. Recently,
a possible relationship between anti-Ro and anti-La positive congenital
cardiac block and low vitamin D levels has been described. Ambrosi et
al. found a seasonal influence for the development of anti-Ro and anti-
La positive congenital cardiac block in children of Swedish cohort of
80 families. There was a significant increase in the proportion of neo-
nates with congenital heart block in the summer: an explanation was
that patients who had the critical pregnancy period (18-24 weeks of
gestation) for the development of antibody associated-congenital cardi-
ac block during the winter also had the lowest levels of vitamin D. Dur-
ing the winter, there is a marked decrease in sun exposure and low
vitamin D levels (based on samples from 1068 Swedish women). They
found that average vitamin D levels for each month inversely correlated
with the proportion of congenital heart block pregnancies [38]. In light
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of these results, low levels of vitamin D during weeks 18 to 24 could be
involved in the pathogenesis of this disease in mothers positive for anti
Ro/La, and this situation would be more prevalent in women with auto-
immune diseases, such as SS.

4.2. Vitamin D as a possible environmental factor in the pathogenesis of
Sjogren syndrome

4.2.1. Viral infection

Multiple viruses have been associated with the pathogenesis of SS,
including cytomegalovirus, Epstein-Barr virus (EBV) and Human Her-
pes virus-6,7,8 [39]. EBV infection is controlled mainly by CD8 + T
cells, which suppress proliferation through lysis of infected B lympho-
cytes. The importance of EBV infection resides in its putative participa-
tion in the process of autoimmunity. Recently, several steps in the
generation of EBV-mediated autoimmunity have been defined in people
with immune susceptibility: 1) deficiency of CD8 + T lymphocytes, 2)
primary EBV infection, 3) a decrease in infection control due to low
levels of CD8 4+ T lymphocytes, 4) an increase in the EVB load and
anti-EVB antibodies, 5) EVB infection in target organs, 6) clonal expan-
sion of self-reactive B lymphocytes in target organs, 7) infiltration of
self-reactive T lymphocytes in target organs and 8) development of ec-
topic lymphoid follicles in target organs [40]. The initial step, deficiency
of CD8 + T lymphocytes and an increase in the CD4 +-/CD8 + ratio has
been observed in the immune profile in patients with SS. In addition,
these abnormalities in the lymphoid lineage have been demonstrated
in relatives of SS patients, including some without clinical evidence of
disease [41]. These abnormalities are also associated with age, with a
decrease in CD8 + cells as age increases [42,43], which is in agreement
with the age-related increase in the prevalence in SS [44]. Accordingly, it
has been proposed that the deficiency of CD8 + T lymphocytes would
allow an accumulation of EBV-infected B lymphocytes in target organs.
This aspect has been highlighted in several studies that associate the
immunobiology of SS with EBV infection [45].

On the other hand, sun exposure increases CD8 + T lymphocyte
counts and decreases the CD4 +/CD8 + ratio [46], which has been asso-
ciated with the immunomodulatory effects of vitamin D [40]. Currently,
no specific mechanism for the immunologic effects of sun exposure has
been described, but some studies have described effects of vitamin D
that could explain how the sun exposure may exert this immune
modification. It has been observed that vitamin D can increase the
CD8 + T cell count and increase the CD4 +/CD8 + ratio [47]. However,
these findings remain unclear because in vitro, 1,25(0OH)D inhibits T
CD8 + lymphocyte proliferation, but not the T CD8 + VDR KO, which
proliferates and, in fact, there is generation of pathogenic T CD8 +
lymphocytes from rapidly-proliferating cells [48]. Therefore, changes
in the CD4 +/CD8 + ratio, together with an increase in CD8 + T cells
caused by adequate levels of vitamin D, in theory, could participate as
a protective factor for SS, because it would control the first step in the
pathogenesis of the disease, specifically the reduced CD8 + count linked
to the development of SS, as previously mentioned.

4.2.2. UV radiation

Currently, there is evidence that there is some degree of immuno-
suppression related to exposure to sunlight that can condition the de-
velopment of neoplastic and autoimmune diseases. Kelly et al. found
that suberythemal exposure to UV radiation from sunlight decreases
the local immune response to locally-applied antigens [49]. The activa-
tion of enzymes associated with the plasma membrane induces the ac-
tivation of several transcription factors, such as NF-kB, which may
regulate the production of immunomodulatory cytokines; for example,
dendritic cell radiated with UV show a cytokine profile that favors an
environment for the development of Th2 lymphocytes [49]. Some au-
thors have postulated that the immunosuppression caused by UV radi-
ation can lead to organ-specific autoimmune disease, specifically with

those associated with Th1 activity, which would benefit from UV expo-
sure [50].

Some mechanisms have been suggested to explain how UV radiation
could modify the immune response mediated by Th1 lymphocytes: (1)
UV radiation can induce immunosuppression through the release of cy-
tokines which can, in turn, increase the levels of soluble mediators that
could lead to systemic immunosuppression, (2) the effects of the active
form of vitamin D, induced by UV radiation and (3) the suppression of
melatonin secretion, considering that melatonin receptor activation in
helper T lymphocytes reinforces the characterization towards the Th1
lineage with liberation of IFN y [51].

There is no conclusive evidence that the immunosuppressive effects
of UV radiation are due directly to the immune properties of vitamin D.
It has been shown that 1,25(0H)2D production by UV radiation does
not correlate with local immune regulation. However, as the half-life
of 1,25(0H)2D is two and a half weeks, it is possible that the immuno-
regulatory action of 1,25(0H)2D is mainly mediated by the vitamin D
produced by intermittent UV radiation and not to radiation exposure
per se [52]. In fact, the participation of vitamin D in protecting against
the damage associated with UVB radiation exposure is necessary, as
has been shown in VDR-depleted mastocytes and transferred to mice
chronically exposed to UV radiation, where vitamin D was necessary
for mastocyte activation in order to reduce inflammation and disease
in the regions of exposed skin, and also for the production of IL-10 [53].

With respect to the immunobiology of SS, it is known that T lympho-
cytes are the first to infiltrate the exocrine glands in a process called “au-
toimmune epithelitis” which is mediated by overexpression of
inflammatory cytokines in salivary gland epithelial cells [35,40,54]:
this would locate SS in the group of autoimmune diseases mediated
by T lymphocytes. On the other hand, there is currently no evidence
on the possible interactions of UV radiation between the recently-de-
scribed important subclasses of T-CD4 + cells, the pathogenic effector
T cell and the FOXP3 + T effector regulatory cell 4 [55], in the process
of autoimmune epithelitis.

4.3. Sjogren syndrome immunobiology and its possible relationship with vi-
tamin D

The most prominent cytokines in the physiopathology of SS are:
IFNa, which is secreted by dendritic cells at the beginning of the activa-
tion of the immune system; IFN<y, which secreted by activated T cells

Table 1
Comparison of the immunomodulatory effects of vitamin D and the immunobiology of
Sjogren syndrome.

Vitamin D effects Sjogren syndrome

Increase in differentiation to Th1
(increase in IFNvy and TNFat)
Decrease in IL-12. Decrease in lymphocyte Increase in IL-12 by dendritic cells”
activation (Th1)
Decrease in IFN-y Increase in IFN-y
Decrease in Th17 through decrease in IL-6  Increase in Th17: IL-17
and IL-23°
Tolerogenic dendritic cells: Th2, Treg, Reactive dendritic cells: BAFF, IL-7,
IL-10 IL-22, IL.6, CXCL10, CXCL12, CXCL13
Increase in Treg CD25 + Foxp3 + cells
Decrease in the proliferation of T
lymphocytes through decrease in IL-2
Decrease in proliferation and Increase in the production and
differentiation of B cells (inhibition of differentiation of B cells via BAFF and
differentiation in plasma cells and IFNy
memory B cells
Decrease in synthesis of immunoglobulins
Inhibition of NFkB (via p105/p50) B naive  Expression of the genes NF-kB
cells TNFAIP3, TNIP1 (related to B-cell
activation)

Decrease in lymphocyte activation (Th1)

Increase in T lymphocytes via IFNo

References: [1,3,54,58,59]
@ Cell linked to autoimmunity.
" High levels related to an increase in Tth cells (also IL-21).
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and related to direct damage to the gland tissue; and, B-cell activating
factor (BAFF), a cytokine secreted by epithelial and dendritic cells in-
volved in the stimulation of autoreactive B lymphocytes [54]. The
main aspects of the immunobiology of SS and the effects of vitamin D
are shown in Table 1.

Muller et al. described abnormal vitamin D metabolism in SS: 35
women with primary SS were treated with nonsteroidal anti-inflamma-
tory drugs without immunosuppressive treatment. The authors mea-
sured serum levels of 25(OH)D, 1,25(0H),D, vitamin D binding
protein, rheumatoid factor (IgA and IgM), antinuclear antibodies (IgG)
and plasma concentrations of immunoglobulins. They found that
serum levels of 1,25(0OH),D and vitamin D binding protein were normal,
in contrast with low levels of 25(OH)D. IgM and IgA rheumatoid factor
levels were high (72 and 60%, respectively). High levels of rheumatoid
factor correlated inversely with serum levels of 25(OH)D. There was
no significant correlation between either 25(0OH)D or 1,25(0H),D levels
and the rest of the measured parameters. It is uncertain whether chang-
es in vitamin D metabolism affect the immune mechanisms present in
SS, since there was no correlation between serum levels and titers of
the antibodies analyzed, except for a correlation between 25(0H)D
and high levels of IgM rheumatoid factor. Low levels of 25(OH)D did
not correlate with normal levels of vitamin D binding protein, suggest-
ing that the polyclonal activation of B lymphocytes is responsible for vi-
tamin D deficiency through the consummation of activated
lymphocytes [56].

In contrast, a study by Szodoray et al. aimed to determine whether
vitamin A, D and E levels correlated with a number of clinical and immu-
nological parameters in primary SS. Fasting levels of these vitamins
were measured, together with NK, NK-T, B and T (CD4 + and CD8 +)
lymphocyte levels and serum levels of soluble cytokines (IL-1, -2, -4,
-6, -10, TNF-a, TGF-3 and INF-y); healthy subjects were used as con-
trols. Vitamin A serum levels of patients with SS were similar to those
of normal subjects, but the subset of patients with extraglandular man-
ifestations showed decreased levels. Vitamin D levels were similar in
both groups, with no significant differences between patients with
extraglandular manifestations and healthy subjects. In patients with
SS, vitamin E levels were significantly higher than in the control group
[33].

Finally, some VDR polymorphisms have been associated with the de-
velopment of SS. VDR gene polymorphisms correlated with dysregula-
tion in the absorption and metabolism of vitamin D, even in the VDR
activity in response to 1,25(0OH)D3. Only one study has analyzed the
possible relationship between any VDR gene polymorphisms, specifical-
ly Bsml, Taq], Apal and Fokl, and primary SS. The study found that these
polymorphisms do not seem to be a genetic marker for SS [57].
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