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Abstract

Vitamin D is traditionally associated with the regulation of mineral metabolism and bone
homeostasis, and its deficiency is the cause of diseases such as osteoporosis or osteomalacia.
However, numerous studies in recent years suggest that thanks to the common expression of the
vitamin D receptor (VDR) on the cells of the body and the related additional anti-inflammatory,
immunomodulating, antioxidant, anti-fibrotic vitamin D effects, it may play a role in the
development and progress of autoimmune diseases and tumors. The collected data suggest that
low vitamin D levels correlate with the occurrence of autoimmune diseases of the thyroid gland
and that there is a significant correlation between 25(OH)D and anti-TPO or anti-Tg levels.
However, these data are inconclusive and further research is needed to confirm this relationship
and determine whether lowered vitamin D titer is the cause or rather the consequence of
autoimmune thyroid disorders, and whether vitamin D supplementation could prove to be an
effective prophylaxis and treatment.
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Introduction and purpose

Vitamin D, which does not meet all the criteria of a vitamin, is in fact a pleiotropic
steroid hormone, with endocrine and paracrine actions [1]. The main function of the active form
of vitamin D is to maintain calcium-phosphate and bone homeostasis, e.g. participation in bone
growth by supporting the mineralization of the collagen matrix [2]. The discovery of the
expression of the vitamin D receptor (VDR) in the 1970s on other cells and tissues of the body
(including cancer cells) allowed, however, to draw a conclusion about its numerous extra-
skeletal effects [3]. Recent studies show that it influences the onset of autoimmune diseases,
metabolic syndromes, infections, cardiovascular diseases and cancer [4]. The aim of this review
is to collect and summarize the latest reports in the literature on the relationship between vitamin
D levels and the functioning and occurrence of autoimmune diseases of the thyroid gland, and
the possibilities of using vitamin D supplementation in the treatment of autoimmune thyroid
diseases.

Vitamin D - structure, role, mechanisms of action

Vitamin D comes in two forms. The D2 (ergocalciferol) form is synthesized by fungi and
plants, its only source for humans is food, while the D3 (cholecalciferol) form is supplied both
with food (its source is e.g. fatty fishes) and it is synthesized by the skin in contact with UVB
radiation through the action of 7-dehydrocholesterol reductase. The further metabolism of both
forms (Fig. 1) is the same and consists in transport to the liver and hydroxylation to 25-(OH)-D3
(calcidiol), which is the main circulating and storage form of vitamin D and reflects most
accurate the actual level of vitamin D in the body [5]. The active form is produced only in the
next step of hydroxylation to 1,25-(OH)2-D3 (calcitriol) by 1- o -hydroxylase (CYP27B1),
which takes place mainly in the kidneys [6]. The process of converting the inactive form into the
active one, however, takes place in many other types of cells (including immunological cells),
which also express 1- o -hydroxylase. The difference is that their activation is not inhibited by
parathyroid hormone, high calcitriol and fibroblast growth factor 23 (FGF-23) levels and
stimulated by 24-hydroxylase (CYP24A1) which takes place in kidney cells [7]. Vitamin D is
stored in adipose cells; after being released from fat, more than 80% of both forms are bound to
vitamin D binding protein (DBP), and 12-15% to albumin [5]. 1,25-(OH)2-D3 exerts its
modulating effects on cells by binding to the VDR receptor [8]. Thus, directly or indirectly, 1,25-
dihydroxyvitamin D can control more than 200 genes, including genes responsible for the
regulation of cellular proliferation, differentiation, apoptosis, and angiogenesis [9].
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Fig. 1 Vitamin D metabolism.
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Vitamin D and effect on immune system

All immune system cells, including macrophages, dendritic cells (DCs), T and B cells
express the VDR and CYP27B1 and are therefore susceptible to calcitriol-mediated modulation
[10]. Vitamin D affects both types of immunity: it enhances the innate immune response, while it
modulates and inhibits the acquired immune response [11,12]. According to numerous reports,
vitamin D enhances DCs tolerogenic status by inhibiting differentiation, activation, survival and
maturation of DCs, reducing the production of proinflammatory factors such as IL6, IL-12, IL-23
and TNF-a, increasing the production of anti-inflammatory interleukins (IL-8, 1L-10), and
downreulating the surface expression of major histocompatibility complex class | and Il and
surface costimulatory molecules (CD40, CD80, CD83, CD86) [13]. In addition, calcitriol
promotes B cells apoptosis, preventing their proliferation and differentiation into plasma cells
[14], immunoglobulin secretion (IgG and IgM), and inhibits T-cell proliferation, restricts Thl-
and Th17-response on account of enhancing the Th2-phenotype response and finally it induces
regulatory T lymphocytes (Treg) [15, 16]. These multiple mechanisms of vitamin D action lead
to an increase in immune tolerance, which could have potential benefits in the treatment of
autoimmune diseases.

A summary of the effect of vitamin D on the immune cells is presented in the table below
(Tab.1.).
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Tab. 1. Vitamin D modulating effect on various groups of immune cells.
Type of the immune cell The effect of vitamin D

Dendritic cell e Decreased expression of MHC-I and
MHC-11,CD40, CD80, CD83, CD86
e Reduced TNF-q, IL6, IL-12 and IL-23

secretion
Increase of IL-8, IL-10 secretion
B-Lymphocyte e Decrease of proliferation,

differentation, 1gG and IgM synthesis

T-lymphocyte e Limitation of inflammatory Thl- and
Th17-response

e Shift towards anti-inflammatory Th2-
phenotype

e Induction of regulatory T lymphocytes

(Treg)

Vitamin D and autoimmune thyroid diseases - state of knowledge

Autoimmune thyroid diseases (AITD) are the most common autoimmune diseases (AID),
affecting about 5% of the population [17]. In both Graves' Disease (GD) and Hashimoto
thyroiditis (HT) there is specific lymphocytic infiltration of the thyroid parenchyma [18]. HT is
characterized by infiltration of B and T lymphocytes (with CD4 + type 1 T helper subtype
dominance), the presence of anti-thyroid peroxidase (anti-TPQO) and/or anti-thyreoglobulin (anti-
Tg) antibodies in the serum, diffuse goiter and dominant hypothyroidism. In GD there is a
prevalence of CD4+ type 2 T helper subtype cells in infiltration, the infiltrate is mild, and there is
a humoral response against TSH receptor (TSHR) with the production of antibodies stimulating
the function of follicular cells and leading to hyperthyroidism [19]. As for other autoimmune
disorders, also AITD seem to be influenced and induced by the synergy of genetic (i.e thyroid-
specific an immunoreulatory genes), environmental (i.e stress, selenium, iodine, cigarette
smoking) and existential factors (sex, parity, etc.) [20, 21]. In recent years, numerous studies
have been conducted on the possibilities of using the properties of vitamin D promoting immune
tolerance in the treatment of AITD.
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Human studies

Most of clinical studies tend to support the existance of an association between calcitriol
deficiency and thyroid autoimmunity, with the proviso that the correlation in HT is more distinct
than in GD [18]. The first observational study was published by Goswami et al. in 2009 and
demonstrated an inverse correlation between serum vitamin D levels and anti-TPO titres,
suggesting the involvement of vitamin D in pathogenesis of AITD [22]. Later, similar results
were obtained by Shin et al. by analyzing a group of 111 patients with AITD and 193 non-AITD
patients (r = -0.252; p <0.001) [23]. The negative correlation between 25(0OH)D3 and anti-TPO
antibodies was also confirmed in the study by Muscogiuri et al., on a group of 168 older subjects
(r = -0.27; p = 0.03) [24] and by Camurdan et al., on a group of 152 children (78 recently
diagnosed HT, 74 controls) [25].

Unal and coworkers not only proved the above correlation between lower serum
25(0OH)D values and an increase anti-TPO, but also additionally demonstrated an inverse
correlation with anti-Tg antibodies in these patients [26]. Another study also reported that
prevalence of vitamin D deficiency was higher in patients with AITD compared to age- and sex-
matched healthy patients, namely Kivity et al. 2011 [27], Tamer et al. 2011 [28], Bozkurt et al.
2013 [29], Mansournia et al. 2014 [23], Shin et al. 2014 [30], Camurdan et al. 2012 [25].

Furthermore, Toki¢ et al. focused on the effects of vitamin D on inflammatory status in
AITD and proved that in the group of people with HT (45 patients) VDR transcriptional levels
were lower than in the healthy controls group (13 people), which was associated with abnormal
peripheral mRNA expression in T cells in the first group of patients [31]. In turn, Botelho et al.
observed that in patients with low calcidiol levels there was a positive correlation with the level
of interleukins TNF- a, IL-17, IL-5, and inverse correlation with IL-2 [32].

It is worth mentioning that the positive effect on thyroid function and the related
economic benefits were confirmed by the study of Mirhosseini et al. on a group of 11,017
participants who were supplemented with vitamin D to obtain its physiological concentration
[33]. Researchers from the Medical University of Warsaw came to very similar conclusion; after
analyzing the results of 269 cases (with an additional criterion for dividing into smokers and
non-smokers) they showed that non-smoking patients with GD receiving vitamine D were more
likely to achieve immunological remission than those without vitamine D supplementation,
especially smokers [34]. However, these results, are not unequivocal, and many publications do
not confirm the occurrence of the above correlations.

Mangaraj et al. in the study of 84 patients with new onset Graves' disease observed no
correlation between vitamin D and thyroid hormones, thyroid volume, or TRAD titers in Graves'
disease [35]. Moreover, Cho et al. demonstrated that daily supplementation of vitamin D has no
beneficial effect on the recurrence of Graves’ disease in the study of 210 subjects with Graves’
disease and vitamin D deficiency, who were followed for at least one year after anti-thyroid drug
(ATD) discontinuation [36].
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Ke et al. did not find a relationship between vitamin D level and the presence or absence of
Hashimoto's thyroiditis in his study participants (51 GD patients, 51 controls) [37], while
D'Aurizio et al. showed even higher levels of 25 (OH) D in the group of healthy patients (126
controls) than in the group of patients with AITD (49 GD and 42 HT) [12].

Summary

Although many studies have shown a relationship between vitamin D levels and AITD,
this correlation still remains unclear due to conflicting results from many studies. It also remains
to be clarified whether the relationship is modified by such characteristics as race, age, gender,
etc. of patients; whether it is vitamin D deficiency that is the cause of hypothyroidism or whether
hypothyroidism is associated with a reduction in vitamin D levels, and most importantly whether
despite its numerous properties of vitamin D is such a strong modulator that its supplementation
could prove effective in the treatment and prevention of autoimmune diseases of the thyroid
gland. More research is needed to unambiguously answer these questions.
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