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Abstract Vitamin D belongs to a group of fat-soluble
secosteroids which assume many roles in the human
organism. In humans the most important forms are vitamin
D3 and vitamin D2. Their primary function is the regula-
tion of the calcium and phosphorus balance, which promote
the growth of healthy bony tissue. Studies over the past few
years have revealed a much wider role of vitamin D
involving the aging processes, carcinogenesis, the carbo-
hydrate balance as well as the effects on the course of
various infections. In this paper we discuss the basic
functions of vitamin D in the human body and the mech-
anisms of its activity and we summarize recent reports on
the impact of vitamin D on the oral cavity with a special
emphasis on autoimmunologic diseases, including: recur-
rent aphthous stomatitis, Behcet syndrome and Sjogren
syndrome.

Keywords Vitamin D - Oral cavity diseases -
Oral mucosa - Autoimmunologic conditions

Introduction

Vitamin D belongs to a group of steroidal organic fat-
soluble compounds (Lips 2006; Miller and Portale 2001;
Myszka and Klinger 2014). It has long been established
that the primary function of vitamin D is the maintenance
of the calcium-phosphate balance and the regulation of
bony tissue metabolism in the human body (Hewison
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2012b; Prietl et al. 2013). In addition, during the past
decade it has been shown that vitamin D and its derivatives
play an important role as immunomodulating agents, in
controlling autoimmunologic conditions, infections and
neoplasms (Hewison 2012a; Ponsonby et al. 2005). The
identification of vitamin D receptors (VDR) in macro-
phages, keratinocytes, endothelial and neoplasmatic cells
has revealed new extra-bony mechanisms of vitamin D
activity, including immunomodulating and antiproliferative
functions (Jurutka et al. 2007; Myszka and Klinger 2014).
The results of the most recent studies indicate that vitamin
D deficiency greatly increases the risk of developing and
modifying the course of several autoimmunologically
related diseases, including: lupus erythematosus, rheuma-
toid arthritis, asthma, inflammatory bowel diseases,
multiple sclerosis and type I diabetes (Cantorna et al. 2004;
Cantorna 2006; Kamen et al. 2006; Mok et al. 2012;
Mostowska et al. 2013; Pelajo et al. 2010; Petri et al. 2013).

To date the effects of vitamin D levels on the health of
the oral cavity has received little attention in the medical
research literature and therefore the subject warrants fur-
ther examination. Here we present a narrative review of the
current research literature on the role of vitamin D in oral
cavity disorders, of both soft and hard oral tissues. The
literature was sourced through the PubMed using “vitamin
D, oral cavity diseases” as key words. Relevant papers
were also sought in the references cited within these
publications.

Vitamin D Structure and Metabolism
A common feature of the structure of vitamin D-group

compounds is the presence of four rings and a lateral chain
in each molecule (Grygiel-Gorniak and Puszczewicz 2014;
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Lips 2006). The two basic forms of vitamin D: ergocal-
ciferol (vitamin D2, which appears in plants, yeasts and
fungi) and cholecalciferol (vitamin D3, of an animal ori-
gin), differ in the structure of the side chain attached to the
sterol group (Lips 2006; Miller and Portale 2001; Myszka
and Klinger 2014).

Both forms are biologically inactive. The active form in
humans is 1o,25-dihydroxy vitamin D [1,25(OH),D],
which is derived from provitamin D3 (7-dehydrocholes-
terol). Provitamin D3 is present in epithelial basal and
spinous layers and in fibroblasts of the dermis. On exposure
to sunlight (UVB radiation, 290-315 nm) provitamin D3 is
transformed into cholecalciferol, which undergoes photoi-
somerization at body temperature and is then released into
intracellular space and into the blood. The initial hydrox-
ylation of cholecalciferol occurs in liver at the C25 position
and is catalyzed by a group of 25-hydroxylases, consisting
of cytochromes CYP27A1, CYP3A4 and CYP2RI1. This
results in the formation of 25-hydroxycholecalciferol
(25(OH)D3; calcidiol).

Subsequent hydroxylation catalyzed by lo-hydroxylasis
(CYP27B1) occurs at the C1 and/or C24 position, mainly
in the kidneys and to a lesser degree in bony tissue, lungs,
liver, placenta, parotid glands, keratinocytes, neoplasmatic
cells and macrophages. Hydroxylation at the C1 position
produces the biologically active calcitriol [1,25(OH)2D3].
Hydroxylation of calcidiol at C24 position leads to the
formation of 24,25-dihydroxycholecalciferol, and is cat-
alyzed by CYP24 a hydroxylase commonly found in body
tissues. The key role of this derivative is the metabolism of
the cartilage and bony tissue. The serum levels of both
hydroxylated derivatives are regulated by a feedback
mechanism and are dependent on the 1,25(OH)2D3 con-
centration in the organism together with the indirect
regulatory role of calcium and phosphoric ions, calcitonin,
somatotropin, parathyroid hormone and other hormones
(Grygiel-Gorniak and Puszczewicz 2014; Hewison 2012b;
Miller and Portale 2001).

Since 1998 normal serum vitamin D (25(OH)D)
concentration for the Central European population have
been established as 30-50 ng/ml. Levels between 21 and
29 ng/ml indicate vitamin D insufficiency, while con-
centrations below 20 ng/ml are defined as vitamin D
deficiency and require medical intervention (Holick et al.
2011, Pludowski et al. 2013a, b, Yin and Agrawal 2014).
A 25(0OH)D serum level of 50-100 ng/ml reflects a high
vitamin D supply, which may require some modifications
to the vitamin D intake especially for the upper con-
centrations (>100 ng/ml) at which potentially negative
health outcomes may arise. Serum levels in excess of
200 ng/ml are considered to be toxic (Pludowski et al.
2013a, b).
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Vitamin D Mechanism of Action

The mechanism of vitamin D activity is both genomic and
extra-genomic (Fernandes de Abreu et al. 2009; Lips 2006;
Pawlak and Doboszynska 2014). The genomic action is
mediated by the VDR which belongs to the nuclear
receptor subfamily (Jurutka et al. 2007; Valdivielso and
Fernandez 2006). It acts as a ligand activated transcription
factor by modifying the transcription on binding the
selected sequences in the target genes promoter regions,
called vitamin D responsive elements. The bonding of
1,25(OH)2D-VDR complex with a specific DNA sequence
is preceded by heterodimerization with the retinoid X
receptor (Fernandes de Abreu et al. 2009; Tuohimaa 2009;
Valdivielso and Fernandez 2006). Vitamin D as calcitriol is
known to modify the expression of more than 200 vitamin
D-responsive genes. Vitamin D receptors maintain the
structure and function of the skeleton and are located in the
tissues and organs responsible for calcium-phosphate
homeostasis, such as bones, kidneys and parotid glands
(Grygiel-Gorniak and Puszczewicz 2014). Stumpf et al.
(1979), reported the presence of VDRs in other organs,
such as skin, brain and immune cells. That led to further
research focused on the extra-bony effects of vitamin D
(Grygiel-Gorniak and Puszczewicz 2014; Lips 2006). The
VDR encoding gene is located on the chromosome 12 in
position 12q13.11 and consists of two promoter regions,
eight protein encoding exons, and six untranslated exons
(Martelli et al. 2014). Some specific VDR gene alleles can
influence the action of vitamin D on a cellular level,
including calcium metabolism, transcription, cellular divi-
sions and initiation of the immunologic response (Myszka
and Klinger 2014; Valdivielso and Fernandez 2006). The
role of the selected VDR gene polymorphisms in the
pathogenesis of inflammatory, neurologic and metabolic
conditions is currently an active area of research (Myszka
and Klinger 2014).

Extra-genomic vitamin D effects are mediated by the
receptors of a different structure to the nuclear VDRs and
are classified as membrane-associated protein disulfide
isomerases, family A, member 3. The process involves the
activation of proteases and cell kinases, followed by the
release of prostaglandins. The result is a stimulation of
some intracellular signaling paths (like MAP and Raf
kinase paths) in various cell types, e.g. in enterocytes,
monocytes, vascular smooth muscle cells, osteoblasts and
chondrocytes. The interaction with a second messenger
such as MAP or cyclic AMP involves calcium channels
and leads to increased calcium absorption and osteoclastic
bone resorption, as well as the stimulation of cell differ-
entiation and the modulation of muscle function and insulin
secretion (Lips 2006). While the effects of genomic
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reactions appear within hours or days, the extra-genomic
activity is considerably faster (s/min), hence the name
“rapid response” (Fernandes de Abreu et al. 2009;
Kurytowicz et al. 2007). Although the rapid response
activities are termed ‘“non-genomic or extra-genomic”,
such actions often modulate the level of transcription of
vitamin D responsive genes resulting in changes to gene
transcription. The ability to exert rapid effects on a variety
of tissues is not restricted to 1025(OH)2D3. For example, it
has been demonstrated that other steroid hormones,
including testosterone, estrogen and aldosterone also exert
extra-genomic actions by inducing transmembrane signal-
ing paths (Ryan et al. 2015).

Vitamin D Functions in a Human Body

The basic, so called “classical” effect of vitamin D is the
regulation of the calcium-phosphate balance in the organ-
ism (Hewison 2012b; Prietl et al. 2013). Vitamin D is
involved in metabolic processes of the bony tissue and
teeth. By stimulating calcium and phosphorus absorption
from the digestive tract, it prevents over-secretion in kid-
neys where, like the parathyroid hormone, it stimulates the
reabsorption of calcium and phosphorus and facilitates
their release from the bony tissue by simulating the
osteoclasts differentiation during hypocalcemia (Jurutka
et al. 2007; Prietl et al. 2013). As a result appropriate
calcium concentration in serum is maintained enabling
bone and teeth mineralization (St-Arnaud 2008). Insuffi-
cient vitamin D supply in childhood or genetically
mediated disturbances in vitamin D metabolism, may lead
to the development of the rickets—a disease characterized
by decreased bone mineralization and low bone mass. The
equivalent condition in adults is defined as osteomalacia
(Grygiel-Gorniak and Puszczewicz 2014).

Vitamin D also exhibits immunomodulating properties
(Fletcher et al. 2012; Hewison 2012a; Myszka and Klinger
2014). The presence of VDRs has been detected in T and B
lymphocytes, monocytes, macrophages and dendritic cells
(Jurutka et al. 2007). Vitamin D stimulates the innate
immunologic response by mediating monocytes differen-
tiation into macrophages and enhancing their chemotactic
and phagocytic activity (Myszka and Klinger 2014). The
activation of innate immunologic response mechanisms
occurs via the stimulation of Toll-like (TLR) membrane
receptors, located on the surface of polymorphonuclear
cells and epithelial cells. The process activates the path-
ways that produce antibacterial proteins: cathelicidins and
defensins (Adams et al. 2007; Bikle 2008; Youssef et al.
2011). Vitamin D also modulates the mechanisms of the
adaptive immunologic response: it inhibits the maturation
and differentiation of dendritic cells, decreases the

secretion of Thl-type cytokines and enhances the secretion
of Th2-type cytokines, and promotes the formation of T
regulatory lymphocytes (Hewison 2012a; Myszka and
Klinger 2014).

Cantorna et al. (1998) demonstrated the immunosup-
pressive action of vitamin D by showing that the rate of
transplant rejections in laboratory mice treated with vita-
min D was lower than in the group treated with
cyclosporine. At the same time the treatment with vitamin
D did not increase the risk of opportunistic infections,
including candidiasis (Cantorna et al. 1998).

The anticancerogenic effect of vitamin D is related to
the inhibition of neoplastic cell proliferation and the
stimulation of cell differentiation, the activation of cell
apoptosis and the inhibition of angiogenesis (Kurylowicz
et al. 2007; Tuohimaa 2009). Vitamin D is also involved in
the regulation of the cell cycle. After binding of
1,25(0OH)2D3 with the VDR in neoplastic cells, cell divi-
sion is inhibited between stages Gl and GO (Grygiel-
Gorniak and Puszczewicz 2014). This may be due to the
reduced expression of the cycline-dependent kinases and
by the inhibition of the phosphorylation of retinoblastoma
and other proteins from this family, e.g. p107 and p130.
Another possible mechanism by which vitamin D modifies
the cell cycle is the inhibition of prostaglandins activity.
However, apoptosis in neoplasmatic cells is probably
induced by the regulation of protooncogene bcl-2 expres-
sion and proapoptic protein Bax and by the release of
cytochrome ¢ from mitochondria (Kurytowicz et al. 2007).
The inhibition of angiogenesis is mainly due to the sup-
pression of the activation of interleukin (IL)-8 gene
transcription, which is a potent stimulator of neovascular-
ization (Kurylowicz et al. 2007). Initially the
antiproliferative vitamin D effect was observed in leukemic
cell lines, but further observations revealed anticancero-
genic properties in cell lines derived from prostate, lung,
breast and gall bladder cancers (Grygiel-Gérniak and
Puszczewicz 2014; Kurylowicz et al. 2007).

The neuromodulating effect of vitamin D is related to
the presence of VDRs in the central and peripheral nervous
systems (Grygiel-Gorniak and Puszczewicz 2014). Here,
vitamin D deficiency is a modifier of dementia and cog-
nitive disorders (Fernandes de Abreu et al. 2009; Grygiel-
Gorniak and Puszczewicz 2014). It has been shown that
vitamin D hypovitaminosis increases the risk of sclerosis
multiplex, schizophrenia, seasonal affective disorders,
Parkinson’s and Alzheimer’s diseases (Mark and Carson
2006; Ponsonby et al. 2005; Prietl et al. 2013; Tuohimaa
et al. 2009). Both deficiency and hypervitaminosis enhance
aging of the central nervous system (Tuohimaa 2009;
Tuohimaa et al. 2009). Laboratory experiments with rats
have indicated local stimulation of choline acetyltrans-
ferase in the brain after the administration of
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1,25(OH)2D3. However, the withdrawal of vitamin D from
the diet of pregnant rats resulted in the attenuation of the
nerve growth factor expression both in the tested rats and in
their offspring (Grygiel-Goérniak and Puszczewicz 2014).
Studies of the cell lines showed that vitamin D enhanced
the production of proteins responsible for axogenesis, such
as synapsin-1 (Fernandes de Abreu et al. 2009). Vitamin D
deficiency was also found to decrease the expression of
proteins related to organelles cellular transport and
synaptic contacts (kinesin, dynactin, connexin 43, drebrin)
(Fernandes de Abreu et al. 2009). The neuroprotective
effect of vitamin D is related to the stimulation of calcium
binding protein synthesis and the inhibition of nitric oxide
synthetases (Fernandes de Abreu et al. 2009).

The cardioprotective effect of vitamin D results from its
ability to inhibit the renin synthesis and the regulation of
myocardial contractibility. High blood pressure and high
plasma renin activity correlate with low calcitriol concen-
tration in serum (Grygiel-Gorniak and Puszczewicz 2014).
Epidemiologic data indicate a greater risk of myocardial
infarction, stroke and arteriosclerosis in people with vita-
min D deficiency (Grygiel-Gorniak and Puszczewicz 2014,
Yin and Agrawal 2014). Cardiovascular disease (CVD)
incidence and prevalence was found to increase with low
serum 25(OH)D levels according to Weyland et al. (2014).
The authors demonstrated an inverse association between
25(0OH)D levels and CVD risk factors in various popula-
tions, locations and circumstances (Weyland et al. 2014).
Autier and Gandini (2007) in the meta-analysis of ran-
domized, controlled trials demonstrated a decrement in
mortality from cardiovascular events in approximately 7 %
of subjects using vitamin D supplements. However, Sch-
natz and Manson (2014), who reviewed the results of the
studies of vitamin D supplementation and cardiovascular
risk factors or CVD, concluded that most vitamin D sup-
plementation trials have not demonstrated an improvement
in CVD. However, most of the studies used relatively low
doses of vitamin D (Schnatz and Manson 2014).

The impact of vitamin D on carbohydrates metabolism
is related to its ability to stimulate B cells in pancreatic
Langerhans islets in the synthesis of proteins and the
transformation of proinsulin into insulin (Szodoray et al.
2008; Zukowska-Szczechowska and Kiszka 201 1). Defi-
ciency of vitamin D may lead to the impairment of insulin
secretion. However, not all the findings support a direct
correlation between serum vitamin D levels and the risk of
type 2 diabetes. The previously discussed immunomodu-
lating properties of vitamin D play an important role in
controlling the autoimmunologic mechanism associated
with the development of type 1 diabetes and in modifying
the course of inflammation in type 2 diabetes (Baeke et al.
2010; Ponsonby et al. 2005; Prietl et al. 2013; Szodoray
et al. 2008).
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Antiinfectious properties of vitamin D have also been
reported. The antibacterial effects are related to the
stimulation of the synthesis of antibacterial peptides,
including cathelicidin and f-defensins 2 and 3 (Bikle
2008; Hewison 2012b; Roider et al. 2013). However, the
mechanisms are still unclear. Wang et al. (2013b) repor-
ted that the enhancement of the cathelicidin synthesis in
the oral epithelial cells is due to CYP24A1 hydroxylase
regulation. Liu et al. (2006) found that the induction of
cathelicidin was due to up-regulated expression of the
VDR and vitamin D-1-hydroxylase. In their study stim-
ulation of TLRs in human macrophages induced the
catalytic  conversion of 25(OH)D3 to active
1,25(0OH)2D3, as well as the expression of the vitamin D
receptor and VDR targets (including cathelicidin). They
also demonstrated an association between an increased
susceptibility of African-American individuals to tuber-
culosis and low 25-hydroxy vitamin D serum
concentrations which were insufficient to support the
induction of cathelicidin messenger RNA (Liu et al.
2006).

It was found that upper and lower respiratory tract viral
infections respond to the antiviral activity of vitamin D.
Vitamin D deficiency partially due to the limited produc-
tion in the skin as a result of decreased sun exposure in the
fall and winter, resulted in more frequent recurrences and
higher severity of the disease symptoms (Yin and Agrawal
2014; Youssef et al. 2011). The results confirmed the
protective effect of vitamin D with infections such as
influenza, HIV and hepatitis (Youssef et al. 2011).

The basic vitamin D functions are presented on Fig. 1.

The Role of Vitamin D in the Oral Cavity Diseases

As part of its diverse mechanisms of action, vitamin D also
modifies the course of various systemic conditions. As a
regulator of mineral balance and bony tissue metabolism
and a potent antiinflammatory and immunomodulating
agent, vitamin D can significantly affect oral cavity
homeostasis. The role of vitamin D as a modifier of
autoimmunologic conditions of the oral cavity is of con-
siderable importance. Many studies have reported the role
of vitamin D as a modifying factor in recurrent aphthous
stomatitis (RAS) and related syndromes such as: Behget’s
disease and PFAPA (periodic fever, aphthous stomatitis,
pharyngitis and cervical adenitis), in Sjogren’s syndrome,
periodontitis and oral squamous cell carcinoma (OSCC)
(Bazrafshani et al. 2002; Karatay et al. 2011; Khabbazi
et al. 2014; Martelli et al. 2011, 2014; Sun et al. 2002;
Toniato Borges et al. 2009).

Table 1 presents the results of studies into the impact of
vitamin D on oral cavity diseases.
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Fig. 1 Systemic effects of

vitamin D
Anticancerogenic Systemic effects
effect of Vitamin D
(I proliferation of
neoplasmatic cells,
stimulation of their
differentiation,
Regulation of
carbohydrate
metabolism
RAS (MiRAS) was made by Bazrafshani et al. (2002), who

RAS is an oral condition characterized by the presence of
erosions and ulcers appearing regularly on the oral mucosa.
The lesions are painful and their size ranges from 1 mm to
a few cm in diameter. The lesion size is one of the diag-
nostic criteria used in RAS classification, which is divided
into three categories: major (Sutton’s; MaRAS), minor
(Mikulicz’s; MiRAS) and herpetiform (HeRAS) aphthae
(Natah et al. 2004; Scully et al. 2003). Although the
etiopathogenesis of this condition is not fully understood,
several studies have suggested that the main cause is
related to genetically mediated immunologic disturbances
modified by environmental factors, which may include:
stress, smoking and iron, zinc or vitamin B12 deficiencies
(Bazrafshani et al. 2002; Scully et al. 2003; Natah et al.
2004). The autoimmunologic background of RAS and the
immunomodulating effects of vitamin D in modifying the
course of the disease is of great significance. An attempt to
determine the influence of polymorphisms in VDR
encoding genes and tumor necrosis factor (TNF)-o and
TNF-B encoding genes on frequency of minor RAS

analyzed biologic material from 95 subjects with RAS and
from 90 healthy controls. There appeared to be no corre-
lation between the disease frequency, the tested VDR and
proinflammatory cytokine polymorphisms. However, a
positive correlation was observed in patients with Behcet’s
syndrome and PFAPA. In both diseases the presence of
recurrent aphthae in the oral cavity was one of the crucial
symptoms (Do et al. 2008; Faezi et al. 2014; Karatay et al.
2011; Khabbazi et al. 2014; Stagi et al. 2014). The findings
indicate the need for further studies on a larger population
with RAS.

Behcet’s Disease

Behget’s disease is a systemic condition with an autoim-
munologic background, characterized by the concomitant
presence of oral and genital ulcerations, arthritis, uveitis
and retinal vasculitis, neurological disturbances and less
commonly erythema nodosum, deep vein thrombosis and
gastro-intestinal inflammations (Karatay et al. 2011;
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Dietrich et al. (2004)

| level —»

25[OH]D (serum)

S: 11202
(USA)

T PAL in people >50 years old

| level —

Sroussi et al. (2012)

25[OH]D (serum)

S: 84 (HIV')

(USA)

Candidiasis

1 risk of OC

Schroth et al. (2013)

| level in study group

25[OH]D (serum)

S: 144 (S-ECC)

C: 122
(Canada)
S: 106

Tooth caries

Antonenko et al. (2015)

|Cal —» 1DMFT and PI

No correlation

Cal

25[OH]D (serum)
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Khabbazi et al. 2014). As with RAS, the etiopathogenesis
of the syndrome has not been defined. It was found that as a
consequence of the disease the autoimmunologic reaction
leads to vasculitis (Karatay et al. 2011; Khabbazi et al.
2014). Based on the observation of 32 patients with Beh-
cet’s disease, Karatay et al. (2011) demonstrated that their
serum 25-hydroxy vitamin D levels were significantly
lower compared to healthy controls. Similar observations
were reported by Khabbazi et al. (2014) who compared
serum levels of vitamin D in 48 subjects with Behget’s
disease and 47 healthy volunteers as a control group. Also
in a study by Faezi et al. (2014) the serum vitamin D
concentrations were found to be significantly lower in
patients with Behget’s syndrome than in controls. Do et al.
(2008) demonstrated that during the active phase of Beh-
cet’s disease the expression of TLR-2 and TLR-4 was
found to increase in monocytes, which correlated with a
lower 25-hydroxy vitamin D level compared with a control
group of healthy adults. The modulating effect of vitamin
D on the expression of monocytic TLRs suggests a
potential for therapeutic utilization of vitamin D in patients
with Behget’s disease (Do et al. 2008).

PFAPA Syndrome

Stagi et al. (2014) found that vitamin D deficiency is an
important modifier of immunologic response in PFAPA
syndrome, where aphthous ulcers in the oral cavity are one
of the characteristic symptoms which is accompanied by
the episodes of fever, pharyngitis and cervical lym-
phadenopathy. The disease belongs to the wider group of
periodic fever syndromes (Stagi et al. 2014). To date the
etiopathogenesis of the condition remains undefined, but an
autoimmunologic association has been suggested. It was
found that the supplementation of vitamin D with a dose of
400 IU (international units) per day during the winter
season resulted in an improvement of clinical condition in
25 patients with a fully symptomatic version of the disease.
This was inferred by the reduction in the number and the
duration of fever episodes (Stagi et al. 2014).

Sjogren Syndrome

Sjogren syndrome is a disease with an autoimmunologic
background, the course of which, may be modified by
vitamin D. The primary form of this condition causes
progressive damage to the secretory salivary cells, which
leads to xerostomia together with a dysfunction in tear
secretion, followed by conjunctivitis and keratitis. In its
secondary form the symptoms are accompanied by other
autoimmunologic conditions, for example rheumatoid
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arthritis or systemic lupus erythematosus (Baldini et al.
2014; Bang et al. 1999; Muller et al. 1990). The
etiopathogenetic mechanisms of this disease is not has fully
understood. There are conflicting reports on effects of
vitamin D levels on the development and course of Sjogren
syndrome. Bang et al. (1999) observed an inverse corre-
lation between the serum 25(OH)D level and the severity
of clinical symptoms and the concentration of inflamma-
tory markers in 41 patients with primary Sjogren’s
syndrome (pSS). A reduction of 25(OH)D levels in subjects
with pSS was also reported by Muller et al. (1990). How-
ever, both the study and the control groups had similar
concentrations of the most active vitamin D metabolite—
1,25(0OH)2D3. In contrast, Baldini et al. (2014) did not
observe a reduction in serum 25(OH)D3 level in patients
with primary Sjogren syndrome when compared with the
controls. Their observations however were conducted on a
relatively small study group (30 patients, 46 healthy con-
trols) (Baldini et al. 2014). Despite this limitation, similar
conclusions were reported by Szodoray et al. (2010).

Periodontitis

Vitamin D can modify the course of periodontitis due to its
immunomodulatory and antimicrobial properties or via the
effects on bone metabolism. Local production of
1,25(0OH)2D by various immune cells is a key factor in the
regulation of the innate and acquired immune response at
local sites of inflammation. The results of in vitro and
in vivo experiments have shown the ability of 1,25(OH)2D
to inhibit the monocyte production of pro-inflammatory
cytokines IL-1b and TNF-a both of which play central
roles in the pathogenesis of periodontitis by impairing
wound healing and inducing bone resorption (Jimenez et al.
2014; Stein et al. 2014).

Individual susceptibility to periodontitis is largely
dependent on the genetic profile of the host which modu-
lates the composition of the subgingival microbiota
(Martelli et al. 2014). Several studies have revealed the
presence of particular VDR gene allelic forms which
influence the frequency of periodontitis. Tagl polymor-
phism in VDR gene, particularly the of TT genotype, was
associated with an increased risk of chronic periodontitis
(CP) as reported by Tachi et al. (2003), Wang et al. (2009),
Brett et al. (2005), Nibali et al. (2008) and Martelli et al.
(2011) while Toniato Borges et al. (2009) observed a
higher incidence of CP in patients with Tt genotype. Sun
et al. (2002) suggested the involvement of Tt genotype in
the development of early-onset periodontitis. The evidence
for the participation of Apal polymorphisms in periodon-
titis is unequivocal. Inagaki et al. (2003) and Naito et al.
(2007) reported that the AA genotype was associated with

a higher risk of severe CP and with more advanced alveolar
bone loss. However, Karasneh et al. (2013) observed that
CP occurred more frequently in subjects with AA geno-
type. In addition, studies of the impact of Bsml and Fokl
polymorphisms on the development of periodontal
inflammation have provided ambiguous results. The role of
CDX?2 polymorphisms in the etiopathogenesis of peri-
odontitis has not been confirmed (Martelli et al. 2011).

An inverse relationship between periodontal disease
indicators and vitamin D levels was demonstrated in a study
by Alshouibi et al. (2013), where the total vitamin D intake
>800 IU/day was associated with lower odds of severe
periodontal disease and moderate-to-severe alveolar bone
loss compared with an intake <400 IU/day. It was also
observed that low serum levels of vitamin D adversely affect
the healing process in post-operative wounds after peri-
odontal surgical procedures. According to Bashutski et al.
(2011) vitamin D serum concentrations >20 ng/ml prior to
periodontal surgery in patients with severe chronic peri-
odontitis was associated with improved clinical attachment
levels and reduced probing depth 12 months after surgery.
In observations reported by Dietrich et al. (2004) and Miley
et al. (2009) a higher serum vitamin D level in periodontal
patients correlated with a less severe loss of the clinical
attachment. Millen et al. (2013) demonstrated an inverse
correlation between the serum vitamin D level and the fre-
quency of gum bleeding and periodontitis in post-
menopausal women. However, vitamin D supplementation
(400 TU/day for 1 year) did not significantly improve the
condition of periodontal tissues during routine periodontal
procedures in 23 dental clinic patients (Garcia et al. 2011).

The results of experimental studies have confirmed the
role of vitamin D as a modifier of immune response in the
periodontium. Li et al. (2013) found that supplementation
with vitamin D reduced alveolar bone loss, reduced serum
TNF-a levels and inhibited the NF-kf} expression in the
gingival epithelium of diabetic mice. An enhanced
expression of VDR and a reduced expression of TLR-4 in
the gingival epithelium was demonstrated in the study. It
was also suggested that the regulation of periodontitis
occurred via JAK (Janus family kinase) 1/STAT (signal
transducer and activator of transcription) three signaling
path (Wang et al. 2013a). In an in vitro study Tang et al.
(2013) demonstrated that vitamin D reduced periodontitis
related to Porphyromonas gingivalis by the inhibition of
IL-8 expression in periodontal ligament cells.

Oral Candidiasis

Sroussi et al. (2012) showed that vitamin D deficiency in
HIV-positive patients increased the risk of oral candidiasis.
This opportunistic infection develops as a result of
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immunodeficiency in infected subjects. The other predis-
posing factors for candidiasis in this group included a
decrement in the salivary concentration of the antimicro-
bial peptide calpronectin, the adverse effect of antiviral
drugs and some specific sexual practices and habits. In the
study by Sroussi et al. (2012) a CD4 lymphocyte count
<200 and vitamin D deficiency appeared to be the most
crucial environmental factors leading to candidiasis in
HIV-positive subjects.

Oral Cancer

The anticarcinogenic properties of vitamin D have also
been reported. Head and neck squamous cell carcinomas,
which include OSCC, were found to be related to high
mortality and low survival rate. Susceptibility to oral
cancer is partially attributable to environmental risk factors
including smoking, alcohol abuse, poor oral hygiene and
human papilloma virus infections. The identification of
genes involved in OSCC is still under investigation.

Studies by Zeljic et al. (2012) of a cohort of 110 patients
with OSCC and 122 healthy controls demonstrated that the
presence of VDR and CYP24A1 gene polymorphisms
affected oral cancer risk and survival. CYP24A1 gene
polymorphism (rs2296241) was found to increase suscep-
tibility to oral cancer, while the wild type ff genotype of
FokI polymorphism was associated with lower survival
rates. In a study of predictors of vitamin D status, and
incidence of cancer and mortality Giovannucci et al. (2006)
found that low vitamin D serum levels was associated with
an increase in the incidence of cancer and mortality in men,
particularly for digestive-system cancers. Based on multi-
variable Cox proportional hazards models it was concluded
that an increment of 25 nmol/L in predicted 25(OH)D
levels was associated with a 17 % reduction in total cancer
incidence and 45 % reduction in digestive-system cancer
mortality (Giovannucci et al. 2006). In a study on the
OSCC cell lines, Sundaram et al. (2014) demonstrated that
1,25(0OH)2D3 increased the expression of microsomal
hyroxylase CYP2R1 genes, belonging to the supra family
cytochrome P450 monooxygenases, and VDR genes. This
led to the inhibition of the proliferation of OSCC cell lines.
The authors concluded that in future, vitamin D analogues
could be used as therapeutic agents for limiting the growth
of OSCC-type tumors (Sundaram et al. 2014).

Bone and Teeth Metabolism
The level of vitamin D also affects the condition of hard

tissues of the oral cavity and therefore it may play a role in
the mineralization of teeth and bony tissue regeneration. A
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study on mice showed that vitamin D improved osseoin-
tegration after the insertion of dental implants.
Histomorphometric analysis revealed that animals which
received vitamin D supplements, had higher values of
bone-implant contact and bone volume around the implants
compared with the controls (Liu et al. 2014). In another
study Zhang et al. (2007) demonstrated that the reduction
in VDR resulted in the development of teeth structure
disturbances in experimental mice. The teeth structure
abnormalities included disturbed dentine production,
enlargement of the teeth chambers, decrement of the den-
tine thickness and mineralization and a reduction in dentine
tubules number (Zhang et al. 2007).

Tooth Carries

Dentin and enamel defects formed during tooth develop-
ment due to disturbed vitamin D metabolism may increase
the incidence of tooth caries. Several reports have
demonstrated an association between serum vitamin D
concentration and caries susceptibility Schroth et al.
(2013) observed that pre-school children with decreased
serum vitamin D and calcium levels are significantly more
prone to the development of teeth caries. In their study
caries-free children were twice as likely to have optimal
25(OH)D concentrations (>75 nmol/L) while those with
severe early childhood caries (S-ECC) were almost three
times more likely to have deficient levels (<35 nmol/L).
The poor nutritional status of children with S-ECC may in
part, lead to a severely reduced quality of life due to oral
pain and disturbed sleep, which in turn, may alter their
eating habits (Schroth et al. 2013). In addition, Grant
(2011) observed that solar UVB exposure from the dif-
ferent regions of US, inversely correlated with dental
caries and tooth loss. The mechanism of action was most
probably related to the stimulation of vitamin D produc-
tion and the induction of antimicrobial peptides such as
cathelicidin and defensins. Serum 25(OH)D concentra-
tions at or above 30-40 ng/ml were considered to reduce
the development of caries (Grant 2011). Furthermore,
meta-analysis of 24 controlled clinical trials that evalu-
ated supplemental dietary vitamin D or ultraviolet
radiation in over 2800 patients suggested that vitamin D
may prevent dental caries (Hujoel 2013). Supplementary
ultraviolet radiation, vitamin D3 and vitamin D, were
associated with a significant reduction in caries compared
with no supplement (Hujoel 2013). However, in Anto-
nenko et al. (2015) study, who evaluated the association
between oral health, calcium intake (Cal) and vitamin D
nutritional status in 106 young females, there was a
negative correlation between Cal and caries, as measured
by the decayed-missing-filled teeth index and Loe Silness
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plaque index. Moreover, the Cal/protein intake index
correlated negatively with tooth loss. No correlations
were found between 25(OH)D levels and the studied
parameters, which contrasts with the previously cited
reports on the impact of vitamin D deficiency on the
susceptibility to carries (Antonenko et al. 2015).

Conclusion

The role of vitamin D in maintaining the oral cavity
homeostasis is indubitable. Its impact on the bony tissue
and teeth metabolism has been recognized for many years
in addition to periodontologic and implantologic treat-
ment. Other, more recently discovered non-classical
mechanisms of action include a role in the etiopatho-
genesis of numerous autoimmunologic, infectious and
neoplasmatic diseases of the oral cavity. The limited data
of the effects of vitamin D on the course of oral cavity
disturbances indicate the necessity for broader and more
profound research in this area. A better understanding of
vitamin D mechanisms of action and the confirmation of
its role as one of the environmental factors capable of
modifying the course of several oral cavity conditions
creates an opportunity for the implementation of treat-
ment and prophylaxis methods based on properly adjusted
vitamin D supplementation in general medicine and in
dentistry.
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