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Abstract Multiple sclerosis (MS) is an auto-immune
disease whose etiology remains controversial. Both genetic
and environmental factors are thought to be involved in the
risk of developing the disease. The purpose of our study
was to assess the association of Vitamin D receptor (VDR)
polymorphisms with MS and to investigate the interaction
of these polymorphisms with vitamin D levels. A total of
179 Sicilian subjects, including 104 MS patients and 75
healthy controls, were studied. The most common VDR
polymorphisms (Fok-I, Bsm-I, Taq-I and Apa-I) were
genotyped by polymerase chain reaction (PCR) followed
by restriction fragment length polymorphism (RFLP)
analyses in both groups and serum 25-hydroxyvitamin D
[25(OH)D] levels were determined in MS patients by high-
performance liquid chromatography (HPLC). The distri-
bution of genotype and allele frequencies of the four VDR
polymorphisms did not differ significantly between MS
patients and healthy controls, and were unrelated to the
forms and the course of MS. Low serum levels of 25(OH)D
were observed in MS patients but no association was
observed between VDR and 25(OH)D levels except for
Fok-1. Moreover, MS patients with FF and Ff genotype had
a significantly lower serum levels of 25(OH)D compared
with ff carriers (P < 0.05 FF vs Ff and Ff vs ff). Our
findings showed no association between VDR polymor-
phisms and risk of MS. Interestingly, F allele could confer
a genetic predisposition to lower 25(OH)D levels.
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Introduction

Multiple sclerosis (MS) is a chronic neurodegenerative
disease, characterized by demyelination in different areas
of the central nervous system. It is the leading cause of
non-traumatic disability in young adults aged 20-40 years
in North America and Europe. MS is a complex disease
whose pathological mechanisms are determined by
autoimmune and degenerative processes where genetic and
environmental risk factors are supposed to interact differ-
ently during individual development and growth [1]. Epi-
demiological data support an association between poor
vitamin D status and higher risk for chronic illness
including cancers, cardiovascular morbidity and autoim-
mune diseases such as systemic lupus erythematosus, type
1 diabetes and multiple sclerosis [2, 3]. Vitamin D is a fat-
soluble pro-hormone supplied in the diet and/or formed in
the skin upon exposure to ultraviolet radiation (UVR). In
the liver, Vitamin D is metabolized to 25-hydroxyvitamin
D [25(OH)D], which represents the major circulating
vitamin D metabolite and a reliable indicator of vitamin D
status. Following the hepatic hydroxylation, 25(OH)D is
converted, in the kidney, to its bioactive form, 1,25-dihy-
droxyvitamin D [1,25(OH),D], which controls a wide
variety of biological responses, including calcium
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homeostasis, bone formation, cellular growth, proliferation,
apoptosis and immune homeostasis [4]. 1,25(OH),D initi-
ates biological responses via binding to the nuclear vitamin
D receptor (VDR), a phosphoprotein which binds the
hormone with high affinity and regulates the gene expres-
sion via zinc finger-mediated DNA binding and protein—
protein interactions. The mechanism underlying the cor-
relation between Vitamin D and autoimmunity is its
immunomodulatory function as well as the presence of the
VDR on the most immune cells. VDR polymorphisms
could provide a genetic basis to MS susceptibility and shed
light on the relation between vitamin D and MS. Impaired
vitamin D signaling, inadequate vitamin D intake and/or
environmental factors (e.g. insufficient sunlight exposure)
may contribute to the onset and progression of autoim-
munity in MS patients.

In humans, the VDR gene is located at chromosome
12q13.1 and contains nine exons and eight introns. Although
over 30 polymorphisms within the VDR gene have been
described, only 4 are the most widely studied: Apa-I
(rs7975232), Bsm-I (rs1544410), Fok-I (rs10735810) and
Tag-I (rs731236). Apa-I (G/T substitution), Bsm-I (A/G
substitution) and Tag-1 (T/C substitution) are located at the 3’
end of the gene, do not result in structural changes of the VDR
protein and they are in strong linkage disequilibrium (LD).
The LD extends into the 3’ untranslated region (UTR) of the
VDR gene, a region involved in regulating mRNA stability
and therefore gene expression. The Fok-I polymorphism is
located in the translation initiation site in exon 2 of the VDR
gene and results in two different translation initiation sites on
the VDR. A thymine (T) to cytosine (C) substitution in the
first translation initiation codon ATG generate long (ff) and
short variants (FF) of the VDR protein [5].

Studies investigating VDR polymorphisms did not show
conclusive results about their possible role in MS suscep-
tibility [6, 7]. Various factors have been claimed to explain
these discrepancies such as methodological concerns or
possible genetic differences related to the different popu-
lation investigated. We designed a controlled cross-sec-
tional study to investigate the role of four known common
VDR genetic polymorphisms in Sicilian individuals
affected by MS. In addition, we have determined 25(OH)D
levels in MS patients to evaluate a potential association
with VDR polymorphisms and clinical characteristics of
the disease.

Materials and methods
Subjects

From June 2013 to December 2014, a total of 104 multiple
sclerosis patients who were resident in Sicily, were
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recruited at the Department of Neurology, University
Hospital in Palermo.

VDR polymorphisms were analyzed and compared with
those of 75 healthy controls, blood donors, from the same
geographical area. The study population characteristics are
shown in Table 1.

The protocol was approved by the local medical ethics
committee and all subjects agreed to participate after
informed consent.

Genetic analysis

Genomic DNA was extracted from 200 ul of whole
peripheral blood using a commercial Kit (Qiagen, Valen-
cia, CA, USA) according to manufacturer’s instructions.
The DNA quality was evaluated by electrophoresis in a
0.8 % agarose gel, quantified by using absorbance spec-
trophotometric analysis and stored at —20 °C for subse-
quent analysis.

The VDR polymorphisms, Fok-1, Bsm-I, Tag-I and Apa-
I, were genotyped [8]. Briefly, the polymorphisms were
detected by polymerase chain reaction (PCR) followed by
restriction fragment length polymorphism (RFLP) analysis.
Primers for VDR gene polymorphisms are listed in
Table 2. PCR was performed in a reaction volume of 50 pl
containing 300 ng genomic DNA, 50 pmol primers (for-
ward/reverse), 1.5 mM MgCl,, 1.5U Taq Polymerase
(EuroClone) and 25 pl sterile double-distilled water.

The following conditions were used for both Fok-I and
Bsm-I amplification: 94 °C for 5/, 35 cycles of 94 °C for 1/,
60 °C for 1’ and 72 °C for 1/, followed by 72 °C for 10'.
The PCR products were separately restricted in a 25 pl
reaction volume for 2 h with Fok-I at 55 °C and Bsm-I at
37 °C, respectively.

Fok-I and Bsm-I genotyping was made as follows
FF =272 bp, Ff=1272, 191 and 81 bp, ff =191 and

Table 1 Characteristics of MS and control groups

Patients (n = 104) Controls (n = 75)

Sex (n)
M 24 30
F 80 45
Age (years) 39.6 £ 103 452 £ 9.6
MS-type (1)
RR 89
Sp 14
PP 1
Course (years) 119 £ 9.6
EDSS (mean + SD) 3.15 + 2.1
MSSS (mean + SD) 3.89 £ 2.6
ARR (mean + SD) 1.13 £ 0.97
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f’I(‘):;b\l]eDi };;E_l;:ll;il g ;;l)l;sizis VDR gene ' Primers Base PCR product
polymorphisms change (bp)
Fok-1 GATGCCAGCTGGCCCTGGCACTG C/T 272
ATGGAAACACCTTGCTTCTTCTCCCTC
Bsm-I AGTGTGCAGGCGATTCGTAG G/A 191
ATAGGCAGAACCATCTCTCAG
Apa-1 CAGAGCATGGACAGGGAGCAAG G/T 740
GCAACTCCTCATGGCTGAGGTCTCA
Taq-1 CAGAGCATGGACAGGGAGCAAG T/C 740

GCAACTCCTCATGGCTGAGGTCTCA

81 bp; BB = 191 bp, Bb = 191,115 and 76 bp, bb = 115
and 76 bp, respectively.

The amplification for Apa-I and Taq-I was performed
according to the following program. The mixture was first
heated at 93 °C for 10 min and then amplified for 35 cycles
by 93 °C for 45 s, 66 °C for 30 s, 72 °C for 45 s, and a
final extension at 72 °C for 10 min. PCR product were
digested for 2 h with APA T at 25 °C and TAQ I at 65 °C,
respectively. APA-I digestion revealed genotypes denoted
as AA (740 bp), aa (520 and 220 bp) and Aa (740, 520 and
220 bp); TAQ-I digestion revealed genotypes denoted as
TT (245 and 495 bp), 11 (290, 245 and 205 bp) and Tt (495,
290, 245 and 205 bp).

All PCR products were separated by electrophoresis on
a 2 % agarose gel stained with eurosafe (Euroclone).

Approximately 20 % of the samples were randomly
selected and genotyped in duplicate and 10 % of the
samples were confirmed by DNA sequencing. All results
were concordant.

Measurement of serum 25(OH)D

Serum 25(OH)D levels were determined by high-perfor-
mance liquid chromatography (HPLC) using a Chro-
mosystem reagent kit (Chromsystems Instruments &
Chemicals GmbH; Grafelfing, Munich, Germany) and a
chromatographic system equipped with a Waters 1525
Binary HPLC pump connected to a photo diode array
detector; detection was carried out at 265 nm. Chromato-
graphic separation was performed as follows: C18 analyt-
ical column, column temperature 25 °C, flow rate
0.7 ml min~', wavelength 265 nm and sample injection
volume 50 pl. Chromatographic separation was performed
with isocratic elution with retention time of 4.2 min.

In accordance to the kit’s instructions, a serum 25(OH)D
concentration of 30 pg/l was considered the threshold
value for identifying low levels of vitamin D.

Statistics

Hardy—Weinberg equilibrium (HWE) test of all VDR
polymorphism was performed using Michael H. Courts
2005-2008. All statistical analyses were performed using
NCSS 10. Differences among groups were evaluated using
Kruskal-Wallis test and Mann—Whitney U test for con-
tinuous variables.

Any association between a specific genotype or allele
and multiple sclerosis was investigated using the Chi-
square test. A two-tailed p < 0.05 was considered statisti-
cally significant. Odds ratio (OR) was derived with 95 %
confidence interval (CI).

Results

Clinical characteristics of MS patients and healthy controls
are summarized in Table 1. Both groups were in Hardy—
Weinberg equilibrium.

The analysis of VDR polymorphisms did not reveal
significant differences in genotypic and allelic frequencies
among subjects examined (Table 3). Furthermore, no sig-
nificant differences between MS patients and healthy
controls were detected using dominant and recessive
genetic models (Table 4).

In 104 MS patients we observed low serum levels of
25(0OH)D (median 20, interquartile range 15-26 pg/l). We
found a trend towards low levels of 25(OH)D in MS
patients with progressive forms (SP and PP) compared to
the remitting relapsing form, but it was not statistically
significant (Table 5). We analyzed VDR polymorphisms
for their potential influence on ex vivo levels of 25(OH)D
in MS patients but no significant difference was observed
among the VDR gene variants of Bsm-I, Tag-I and Apa-I
polymorphisms; a significant association between Fok-I
and 25(OH)D levels was found. Interestingly, MS patients
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Table 3 Distribution of genotypic and allelic frequencies of the VDR
gene polymorphisms in MS and control group

Table 4 Analysis of VDR polymorphisms based on dominant and
recessive genetic models

SNP Model MS versus control patients P
OR (95 % CI)

rs 10735810 Dominant 0.96 (0.41-2.26) 0.93
Recessive 1.29 (0.69-0.41)

rs1544410 Dominant 0.97 (0.41-1.97) 0.43
Recessive 1.11 (0.60-2.0)

rs7975232 Dominant 0.80 (0.42-1.51) 0.99
Recessive 0.70 (0.28-1.7)

rs731236 Dominant 1.14 (0.60-2.17) 0.84
Recessive 0.84 (0.84-1.83)

Patients (n = 104)  Controls (n = 75) Xz P value
Fok-1
Genotype
FF 34 (33 %) 29 (38 %) 0.92 0.463
Ff 52 (50 %) 36 (48 %)
Vi 18 (17 %) 10 (14 %)
Allele
F 120 (58 %) 94 (63 %) 0.70  0.402
f 88 (42 %) 56 (37 %)
Bsm-1
Genotype
BB 23 (22 %) 17 (23 %) 0.29 0.86
Bb 48 (46 %) 37 (49 %)
bb 33 (32 %) 21 (28 %)
Allele
B 94 (45 %) 71 (47 %) 0.09 0.76
b 114 (55 %) 79 (53 %)
Apa-1
Genotype
AA 31 (30 %) 26 (35 %) 0.81 0.64
Aa 58 (56 %) 41 (54 %)
aa 15 (14 %) 8 (11 %)
Allele
A 120 (57 %) 93 (63 %) 0.50 047
a 88 (43 %) 57 37 %)
Taqg-1
Genotype
T 35 (34 %) 23 (31 %) 0.87 0.64
Tt 48 (46 %) 40 (53 %)
1t 21 (20 %) 12 (16 %)
Allele
T 118 (57 %) 86 (57 %) 295 099
t 90 (43 %) 64 (43 %)

with FF and Ff genotype had a significantly lower serum
levels of 25(OH)D (median 19, interquartile range
14.75-26 pg/l and median 19, interquartile range
15-24 ng/l, respectively) compared with ff carriers (me-
dian 26.5, interquartile range 21-35.5 pg/l) (P < 0.05 FF
vs. Ff and Ff vs. Ff) Fig. 1.

We did not find any association between serum levels of
25(OH)D, VDR polymorphisms and clinical characteristics
of MS such as forms (relapsing-remitting, secondary pro-
gressive and primary progressive) and outcome in terms of
Expanded Disability Status Scale (EDSS), Multiple
Sclerosis Severity Score (MSSS) and Annualized Relapse
Rates (ARR).
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Table 5 Serum 25(OH)D levels and Fok-I genotype according to
different MS phenotype

RR SP PP P value

[25(OH)D] pg/l
Fok-I genotype

20 (16-26) 15 (15-21) 15 (0-0) >0.05

FF 2933% 429%) 0 >0.05
Ff 4348%)  8(57%) 1(100 %)
F 17(19%) 2(14%) 0

25(OH)D values are expressed as median and interquartile range
RR relapsing-remitting, SP secondary progressive, PP primary
progressive

Discussion

A poor vitamin D status has been documented in MS
patients. Although Vitamin D is a potent immune modu-
lator of MS both in vitro and in animal models, the
causality of its association with MS is still matter of debate.
Since the VDR plays a main role in the vitamin D meta-
bolism, not only as a mediator of biological effects, but
also in the regulation of the Vitamin D metabolism itself,
the VDR and its genetic polymorphisms may be interesting
actors to consider in the MS susceptibility. In our study, the
distribution of genotypic and allelic frequencies of Fok-I,
Bsm-1, Taq-I and Apa-I polymorphisms was not signifi-
cantly different between MS patients and healthy controls.
Our results are in agreement with studies performed in
Caucasian, Spanish [6], Grecian [9], Canadian [10] and
American populations [11]. On the contrary, Tunisian,
Japanese and Australian studies [12—14] showed a corre-
lation between VDR polymorphisms and MS susceptibil-
ity. The heterogeneity of these findings could be related to
different ethnic origins of study groups or possibly, to the
degree of genetic admixture of the population investigated.
As reported by Uitterlinden et al. [15], the f allele of Fok-I
and A allele of Apa-I had a lower frequency in the Africans
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Fig. 1 Serum 25(OH)D levels according to Fok-1 genotype

than in Caucasians and Asians, while the B allele of Bsm-1
and T allele of Tag-I occurred with lower frequency in the
Asians than in Caucasians and Africans.

We found low levels of 25(OH)D in MS patients, in
accordance to previous reports [16]. Although 25(OH)D is
not the bioactive metabolite of Vitamin D, it best reflects
the vitamin D status. A combination of insufficient vitamin
D intake and limited solar UV radiation (UVR) exposition
due to increasing disability could explain decreased vita-
min D levels detected in MS patients. However, it is
unknown if the high prevalence of vitamin D deficiency is
the cause or the effect of MS. By investigating the potential
influence of VDR polymorphisms on serum levels of
25(0OH)D in MS patients, we found a significant associa-
tion only with Fok-I. In particular, lower serum levels of
25(OH)D were observed in MS patients with FF and Ff
genotype compared with ff genotypes (Fig. 1). Thus, we
can assume that the presence of at least an F allele is
associated to lower levels of 25(OH)D. This association
has already been described by Orton in a study on twins
with multiple sclerosis [17] and by Smolders in a case—
control study [18]. Although VDR is downstream of
25(OH)D synthesis in the Vitamin D pathway, it could
influence its expression through feed-back regulation
mechanisms. After binding to 1,25(OH),D, the VDR is
active and heterodimerization with the retinoid X receptor
(RXR) occurs. This heterodimer translocates to the nucleus
where binds to vitamin D response elements (VDREs)
through transcription factor IIB (TFIIB), resulting in a up
or down regulation of vitamin D responsive genes tran-
scription [19]. Several studies showed that short VDR

isoform (F allele) is associated with a higher transcriptional
activity than long isoform (f allele) [20, 21]. Some authors
suggested a role of the VDR in the regulation of enzymes
involved in the vitamin D metabolism. Experimental
studies, both in vitro and in animal models, revealed that
the VDR-1,25(OH),D complex is a positive regulator of
1,25(0OH),D-24-hydroxylase (also known as CYP24Al),
the vitamin D inactivating enzyme, and a negative regu-
lator of both vitamin D-25-hydroxylase (also known as
CYP27A1), which catalyzes the 25-hydroxylation of vita-
min D, and 25(OH)D-1o-hydroxylase (also known as
CYP27B1), which catalyzes the conversion of 25(OH)D to
1,25(0OH),D [22-25]. According to these evidences, we
have hypothesized that the F isoform limited serum levels
of 25(OH)D, enhancing the inhibitory effect of the VDR on
CYP27A1. This could also provide an explanation of
contradictory results of randomized trials on beneficial
effects of Vitamin D supplementation in MS patients [26—
28]. To date there is no evidence of the efficacy and safety
of MS treatment with high doses of vitamin D. However,
although we have found low serum levels of 25(OH)D in
MS patients and an association between the Fok-I VDR
polymorphism and 25(OH) levels, we did not observe any
expected association of the polymorphism with MS. Thus,
probably, genetic VDR variants are a determinant of the
Vitamin D status that acts in concert with other genetic and
environmental factors in MS susceptibility. Moreover, not
only the genetic background, but also personal, social, and
cultural factors have been shown to be important deter-
minants of the vitamin D status via their influence on sun
exposure and diet [29, 30]. It is reasonable that genetic
variants have a main role in maintaining a Vitamin D
adequacy in regions where UVR exposure is limited or is
seasonally limited [17]. Indeed, it is well known that the
MS prevalence is higher in areas with lower solar UVR
exposure that represents the main source of vitamin D; an
inverse correlation between outdoor activity (thus sunlight
exposure) and MS susceptibility has been documented [31,
32].

Vitamin D has been associated, not only with MS risk,
but also with the disease course. Smolders and colleagues
reported that both the 25(OH)D and the 1,25(OH),D were
significantly lower in the progressive forms compared to
the relapsing remitting (RR)MS phenotype. In RRMS
patients, high 25(OH)D levels were associated with a high
chance of remaining relapse-free and low 25(OH)D levels
were associated with high EDSS-scores [33]. We observed
a trend towards low 25(OH)D levels in RR MS patients
compared to SP and PP MS patients but it was not statis-
tically significant, probably because our MS population
included few patients with progressive MS forms. More-
over, we failed to replicate the association of low 25(OH)D
levels with a greater degree of disability; MS patients
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included in our study had low EDSS, MSSS and ARR
scores.

A genome-wide association study (GWAS) found a
relationship with genetic region containing enzymes
involved in the vitamin D metabolism [34] but few data are
available on the potential influence of VDR genetic vari-
ants on the disease course. We found that the distribution
of genotypic frequencies of Fok-I, Bsm-I, Apa-I and Taq-I
did not differ among the MS forms, progression and
severity of the disease evaluated by EDSS, MSSS and
ARR.

This study has some limitations, such as, in particular,
the cross-sectional nature of the study and the lack of
assessment of average sun exposure in the study sample. In
addition, it was carried out on a relatively small sample
size of populations; thus further studies involving large
cohorts are required. It was not an exhaustive examination
of variants in the VDR gene and the selected polymor-
phisms did not provide a full tagging coverage. Therefore,
we cannot exclude that other genetic variants of the VDR
could be associated to MS susceptibility. Moreover, the
analyses of other genes involved in the Vitamin D meta-
bolism, such as the Vitamin D-binding protein, Vitamin D
25-hydroxylase and CYP27A1 and CYP27B1 could be
interesting. The MS study group had mild disability and as
a consequence, in order to assess the course of the disease,
a cohort including patients with a more severe disease
should be analyzed. Finally, we measured serum levels of
25(OH)D only in MS patients.

In summary, our findings showed no direct association
of Fok-I, Bsm-I, Taq-I and Apa-I polymorphisms of the
VDR with MS risk in Sicilian population. With regard to
the Fok-I polymorphism, we observed an association of the
F allele with low serum levels of 25(OH)D in MS patients.
We did not identify a role of the Vitamin D metabolism,
both in terms of serum 25(OH)D levels and VDR variant
genetics, in the disease course.
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