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Abstract
Background: Vitamin D deficiency is a major health concern as it increases the risk of developing many serious
diseases. Recently, the correlation between vitamin D deficiency and multiple sclerosis (MS) is a matter of serious
debate. In this case-control study, we aimed to assess the correlation between genetic changes in the vitamin Dbinding protein (DBP) gene and their consequence on MS patients. Our sample study consisted of 110 individuals;
40 patients with MS as cases and 70 healthy controls. Vitamin D levels were determined by immunofluorescence
assay, and polymorphisms at rs7041 (c.1296 T > G p.Asp416Glu) and rs4588 (c.1307C > A p.Thr420Lys) of the DBP
gene were genotyped using PCR/RFLP method for all cases and controls.
Results: Our results showed that genotype frequencies were consistent with Hardy-Weinberg equilibrium. A
significant association was found in rs7041 (c.1296TT) homozygous wild-type, and the odds ratio was < 1 suggesting
a protective role against developing MS (OR; 0.03, p = 0.0002) whereas the c.1296GG genotype was significantly
correlated with an increased risk for MS by 6 folds (OR: 6.0000, p < 0.0001). No significant association was noted at
rs4588 and MS occurrence. In addition, our compound genotyping results revealed that haplotypes 1S-1S are 6
times more likely to develop MS, whereas haplotypes 1F-1F had a more protective role in MS patients (OR:
0.063, p = 0.06.), respectively. The risk of vitamin D insufficiency in patients was greater by 14 folds compared
to controls (OR: 14.05, p = 0.0128). Furthermore, the c.1296GG genotype was associated significantly by more
than 4 times with insufficient levels of vitamin D and by 7 folds with vitamin deficiency.
Conclusions: We conclude that polymorphisms in the DBP gene could have independent effects on the risk
of developing multiple sclerosis. The homozygous recessive genotype at rs7041 was associated with
insufficient levels of vitamin D and with the risk of MS emergence.
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Background
Vitamin D deficiency represents a global health problem
for all age groups [1–3]. Several studies have demonstrated a correlation between vitamin D deficiency and
increased risk of many diseases such as cancer, autoimmune diseases as type 1 diabetes, rheumatoid arthritis,
and sclerosis [4–7]. Recent studies proposed the high
prevalence of vitamin D deficiency, particularly amongst
Arabs and Middle Eastern countries, to the presence of
important responsible factors, as the genetic variations
[8, 9]. The vitamin D-binding protein (DBP) gene (ID:
2638) plays an important role in the transfer and metabolism of vitamin D and its stimulation, so it is considered an
essential component for maintaining the natural balance of
this vitamin in the body. It is well known that the DBP gene
has many polymorphic regions amongst humans [10, 11].
Genetic variants in this gene affect the transfer of vitamin
D in the body, leading to its deficiency [12]. The DBP gene
has three common alleles, 1F, 1S, and 2, regarding the combination of the two single nucleotide polymorphism (SNPs),
rs7041 (c.1296 T > G p.Asp416Glu), and rs4588 (c.1307C >
A p.Thr420Lys) [13]. These two SNPs result in various protein isoforms and have a different binding affinity for vitamin D [14, 15]. Several studies argued the effect of genetic
changes in the DBP gene and the risk of developing multiple sclerosis (MS) [16–18]. MS (OMIM 126200) is a
neurological autoimmune chronic disease [19]. Recent
studies suggest an increasing incidence of MS in developing
countries [20]. It constitutes one of the causes of early disability and unemployment as well as a great economic burden imposed on society [21]. In Syria, multiple sclerosis
deaths reached 0.01% of total deaths, ranking Syria to be
number 99 in the world of MS death rates [22]. No previous studies have been conducted to determine the relationship between DBP gene common variations and the risk of
MS nor its consequence on vitamin D concentration.
Therefore, we aimed in this study to investigate whether
the common genetic variants rs7041 and rs4588 in the DBP
gene have an influence on MS development and vitamin D
levels in a sample of Syrian population.
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vacutainer for vitamin concentration analysis and tubes
containing 0.1% EDTA tubes for molecular analysis.
Serum 25-hydroxyvitamin D concentration analysis

Tubes containing the blood from cases and controls
were centrifuged immediately after drawn at 4000 rpm,
and serums were stored in the dark at − 20 °C until analyzing. Measurement analysis was performed at AlMouwasat University Hospital, based on immunofluorescence assay principle by i-Chroma analyzer using
Ichroma Tm Vitamin D kit, according to the manufacturer’s protocol. Vitamin D deficiency was defined as
serum 25(OH) D3 < 10 ng/mL, insufficient as < 30 ng/
mL and sufficient > 30 ng/mL [23].
Genomic DNA isolation and genotyping

Genomic DNA was isolated from peripheral blood from
cases and controls using Vivantis Technologies, GF-1,
Blood DNA Extraction Kit, Malaysia, as instructed by
the manufacturer. The amplification of 482 bp PCR
product around the two variants studied (rs7041, rs4588)
at the DBP gene was accomplished using the following
pair of primers: F. Primer (5′AAATAATGAGCAAATGAAAGAAGAC3′) R. Primer (5′ CAATAACAGGAA
AGAAATGAGTAGA3′) [24]. PCR reactions contained
10 μM of each primer, 12.5 μl of OnePCR™ Mix (2X)
(GeneDirex, Inc), 6.5 μl of nuclease-free water, and 3 μl
of genomic DNA. A nuclease-free water was run with
each PCR experiment for contamination detection
(negative control). PCR reactions were done using the
Eppendorf Master Cycler. The amplified products were
electrophoresed in 2% agarose gel containing ethidium
bromide, visualized and photographed using a UV transilluminator (Olymbus). Each 482 bp PCR fragment was
digested twice for all cases and controls using HaeIII restriction enzyme (Thermo Scientific, 2000 U) to determine genotypes of the c.1296 T > G variant (rs7041), and
StyI restriction enzyme (Thermo Scientific, 2500 U) to
define c.1307C > A genotypes (rs4588) according to
manufacturer’s instructions. Fragments were analyzed by
2% agarose gel electrophoresis using 100 bp DNA Ladder (Thermo Scientific, GeneRuler).

Methods
Criteria and study samples

Statistical analysis

Forty patients with multiple sclerosis, receiving their
monthly medication from Ibn al Nafise hospital, were recruited as cases, while 70 healthy individuals randomly
selected with no family history, contributed as a control
group. Taking any vitamin supplements was considered
as exclusion criteria. All cases and controls were aware
of the study, and written consents were taken from all
participants. Peripheral blood samples from cases and
control groups were collected; the blood was drawn for
each individual into two separate tubes, clot activator

The statistical analyses were performed using MedCalc®
(Version 14.8.1) statistical program. The qualitative variables were given as frequency and percentage. Chisquare (χ2) test was used to identify deviations from the
Hardy-Weinberg equilibrium amongst all cases and controls. Mann-Whitney test was used to calculate the differences between averages of the two groups. Fisher’s
exact test was used to assay the relationship between
qualitative variables. A significance level of p < 0.05 was
considered statistically significant. The odd’s ratio (OR)
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was used to estimate the association between a specific
genotype and the risk of MS or between vitamin D concentration levels and MS, using logistic regression
analysis.

Results
Our sample study consisted of 110 individuals; 40 patients with multiple sclerosis and 70 healthy controls.
Patients were 16 males (40%) and 24 females (60%),
while controls were 21 males (30%) and 49 females
(70%). All ages ranged from 17 to 57 years old. Genotyping of the two rs7041 and rs4588 SNPs were successfully
achieved for all controls and cases (Fig. 1).
Genotype frequencies at rs7041 and rs4588 were consistent with Hardy-Weinberg equilibrium (P values =
0.76 and 0.55, respectively). The most frequent genotype
amongst controls was the heterozygous TG genotype
(51.4%), while the GG homozygous genotype was mostly
identified between MS patients (60%) and no wild type
TT was detected among them. Furthermore, our data
showed that the wild type CC was frequently detected
amongst patients and controls (75% and 62.9%, respectively), and the homozygous genotype AA was rare in
controls and was not detected at all amongst MS patients (Table 1). The haplotype 1S was detected at a high
frequency in patients with MS (80%). In addition, the
lowest distribution of haplotypes was haplotype 2 among
patients (12.5 %) and controls (20%) (Table 2). Association analysis of different genetic models between cases
and controls at rs7041 has shown significant differences
(p < 0.05) for all genetic models, except at overdominant (TT + GG) vs. TG, suggesting a weak impact
of this model on MS. However, no significant differences
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were found at rs4588 in any of the genetic models studied (Table 3).
Our data indicated a significant correlation in serum
vitamin D levels between the two studied groups p <
0.05. The association between MS and vitamin D deficiency (less than 10 ng/mL) was significant, the odds ratio was > 1 implying that there is an increased risk by
more than 4 folds (OR 4.93, 95% CI 1.5705 to 15.4826, p
= 0.005). On the other hand, a significant correlation
was found between insufficient vitamin D concentrations
(less than 30 ng/mL). The risk of vitamin D insufficiency
in patients was greater by 14 folds compared to controls
(OR: 14.05, 95% CI: 0.8012 to 246.6673, p = 0.0128). No
patients had adequate or sufficient (more than 30 ng/
mL) amount of vitamin D levels (Table 4).
Furthermore, our results showed a significant association at rs7041 homozygous genotypes; the odds ratio at
homozygous wild-type TT was < 1 suggesting a protective role against MS (OR; 0.03, 95% CI: 0.0017 to 0.5183,
p = 0.0002). While there was an increased risk for MS at
GG genotype by 6 folds (OR: 6.00, 95% CI: 2.5337 to
14.2084, p < 0.0001). However, no significant correlation
was found between MS and heterozygous genotype TG
(OR: 0.6296, 95% CI: 0.2865 to 1.3836, p = 0.25). On the
other hand, our data revealed no significant association
between SNPs at rs4588 and MS occurrence. As for the
association of MS disease and compound genotypes, we
found a significant correlation with haplotypes 1F-1F (p
= 0.059), and 1S-1S (p = 0.0001), while no considerable
correlation was found with the other compound genotypes (1F-1S, IF-2, 1S-2 and 2-2) (Table 2).
Our data revealed that only genotypes containing the
GG variant of the rs7041 were associated significantly
with insufficient levels of vitamin D by more than 4

Fig. 1 Two separate PCR-RFLP 2%gel electrophoresis results for cases and controls. M: 100 bp molecular marker, 482 bp represents the uncut PCR
product. Each case or control has two results depending on the different restriction enzymes used; H: HaeIII that cuts at 1S polymorphic site thus:
homozygous wild type TT gets no cut fragments as in sample 36; while homozygous GG genotype gets two fragments (297, 185 bp) as in
samples 37, 14, 15, whereas heterozygous TG gets three fragments (482,297,185) as in samples 38, 16, and 17. S: StyI which cleaves at 2
polymorphic sites as a result homozygous wild type CC gets no cut fragments as in samples 37, 38, 14, and 15. While heterozygous CA gets three
fragments (482,308, and 174 bp) as in samples 36, 16, and 17
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Table 1 Distribution of DBP gene genotypes variations
Genotypes
rs7041

rs4588

T

G

TT

TG

GG

C

A

CC

CA

AA

Control (n = 70)

76 (54.2%)

64 (45.7%)

20 (28.6%)

36 (51.4%)

14 (20%)

112 (80%)

28 (20%)

44 (62.9%)

24(34.3%)

2(2.9%)

MS (n = 40)

16 (20%)

64 (80%)

0 (0%)

16 (40%)

24 (60%)

70 (87.5%)

10 (25%)

30 (75%)

10(25%)

0 (0%)

P value

< 0.0001*

< 0.0001*

0.0002*

0.250

< 0.0001*

0.282

0.193

0.193

0.312

0.282

*Statistically significant associations (p < 0.05)

times increased risk (OR: 4.9, 95% CI: 2.0634 to 11.7720,
p = 0.0003) and with deficiency by 7 folds. Likewise,
haplotype analysis of rs7041 and rs4588 showed that
haplotypes (1S-1S) were associated with vitamin D insufficiency (p = 0.0002) by more than 15 times increased
risk. By contrast, haplotypes (1F-1F) were associated
with decreased risk of insufficient levels of vitamin D
(p = 0.012) odds ratio < 1 suggesting a protective role
against MS. No significant association was found for
the other different genotypes.

Discussion
Multiple sclerosis (MS) is an inflammatory autoimmune
disease affecting young adults, initiated by attacking the
immune system the protective sheath (myelin) that
covers the nerve fibers and preventing the dispersion of
electrical charges, causing permanent damage to the
nerves and leading to disability [25]. The cause of MS is
generally unknown; however, many factors contribute to
the development of this disease such as an individual’s
genetic makeup and environmental risk factors as inadequate vitamin D levels which may contribute to the severity and long-term progression of the disease [26, 27].
Our present study showed that MS patients are 4 times
more likely to suffer from vitamin D deficiency and have
14 times increased risk of having insufficient vitamin D

levels, these findings are compatible with various studies
which indicated that vitamin D levels are lower in MS
patients compared to healthy controls [28, 29]
Vitamin D plays an indirect role in multiple sclerosis
through stimulating cytokines that considered a key mediator in most of the body’s immune infections. Studies
have found that 60% of patients with MS suffer from
vitamin D deficiency, which reduces the secretion of cytokines, affecting in turn, the immune system and leads
to a high rate of infections [30, 31]. Therefore, the consideration of vitamin D levels in multiple sclerosis patients is extremely important for early compensatory
treatment. In addition, previous interventional studies
have recommended that maintaining optimal vitamin D
levels in healthy individuals could decrease the risk of
developing MS [26, 32]. Our data showed no significant
association with variants at rs4588 in the DBP gene.
While, a significant correlation was found for rs7041
homozygous genotypes; the TT wild type genotype was
not found amongst patients, suggesting that this particular genotype has a low risk of developing MS or having a
protective role against having the disease. In contrast,
our results revealed that the GG genotypes are more
likely to develop MS by more than 6 times compared to
controls and have an increased risk for suffering from
insufficient levels of vitamin D or deficiency by more

Table 2 Distribution of the compound genotypes for the two DBP gene variations
Haplotypes name

Combination of rs7041 and rs4588 genotypes

Control, n (%)

MS, n (%)

P value

Odds ratio

1F-1F

TT CC

11 (15.7%)

0 (0%)

0.059*

0.063

1F-1S

TG CC

19 (27.1%)

6 (15%)

0.149

0.473

1F-2

TT CA

7 (10%)

0 (0%)

0.125

0.104

1S-1S

GG CC

14 (20%)

24 (60%)

0.0001*

6.000

1S-2

TG CA

17 (24.3%)

10 (25%)

0.93

1.039

2-2

TT AA

2 (2.9%)

0 (0%)

0.487

0.338

1F

T-C

65 (46.4%)

16 (20%)

0.00008*

0.157

1S

G-C

64 (45.7%)

64 (80%)

0.000001*

4.75

2

T-A

28 (20%)

10 (12.5%)

0.193

0.564

*Statistically significant associations (P < 0.05)
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Table 3 Association analysis results for rs7041 and rs4588 genotypes under different genetic models
rs7041 (c.1296 T > G)
OR (95% CI)

p value

Dominant TT vs. (TG+ GG)

0.03 ( 0.001 to 0.51)

p = 0.01*

Recessive (TT + TG) vs. GG

6.00 (2.53to 14.20)

p = 0.0001*

Over dominant (TT + GG )vs. TG

0.62 ( 0.286 to 1.38)

p = 0.24

Homozygous codominant TT vs. GG

69.27 ( 3.89 to 1233.65)

p = 0.0039*

Heterozygous codominant (TT vs. TG)

18.53 (1.056 to 325.28)

p = 0.045*

Allele contrast (T vs. G)

2.80 (1.398 to 5.604)

p = 0.0036*

OR (95% CI)

p value

Dominant CC vs. (CA+ AA)

1.77 (0.74 to 4.20)

p = 0.194

Recessive (CC + CA) vs. AA

0.33 (0.015 to 7.223)

p = 0.4877

Over dominant (CC + AA) vs. CA

0.63 (0.267 to 1.52)

p = 0.312

Homozygous codominant (CC vs. AA)

0.29 (0.013 to 6.29)

p = 0.431

Heterozygous codominant (CC vs. CA)

0.61 (0.255 to 1.46)

p = 0.268

Allele contrast (C vs. A)

0.65 (0.285 to 1.4955)

p = 0.314

Genetic model

rs4588 (c.1307C > A)
Genetic model

*Statistically significant associations (p < 0.05)

than 4 times compared to controls. Moreover, our genetic models’ analysis results showed a significant association under three models (dominant, recessive, and codominant) OR > 1, the strongest impact was for homozygous codominant which may emphasize the potential
role of GG genotypes as a risk factor for developing MS.
These findings come in agreement with previous studies
which showed that a decrease in the concentration of
vitamin D in patients with MS was associated with the
presence of genetic changes, most notably at rs7041 in
the DBP gene [16, 33] and can be explained that genetic
polymorphisms cause low concentration of vitamin D
levels and increase susceptibility to develop MS [34–36].
Our data were also consistent with previous studies that
highlighted the susceptibility of the GG genotype and its
correlation with many diseases like colorectal and lung
cancers [37] as well as coronary artery disease (CAD),
food allergy and also was associated significantly with a
decrease in circulating levels of vitamin D [38–40]. However, other investigators found no significant association
between DBP gene polymorphisms and MS disease risk
[18, 41]. Moreover, a study led by Agliardi et al.

conducted in Italy showed no significant correlation between the genetic changes in the DBP gene with the onset
or progression of the disease [42]. Our results revealed
that haplotypes (1S-1S) were associated with vitamin D insufficiency. By contrast, the (1F-1F) haplotype had a significant protective association against insufficient levels of
vitamin D. SNPs at the DBP gene are proven markers
which account for most of the differences in vitamin D
concentration vary between ethnicities and populations
[43]. Our results were consistent with earlier outcomes
which showed that individuals carrying the (1F-1F) haplotypes had the highest serum levels of vitamin D compared
with other genotypes [44, 45]. Interestingly, it was found
that there is an association between low risk of MS and
the existence of one copy at least of the rs7041 independently of vitamin D levels in most ethnicities [46]. These
findings are inconsistent with previous study that detected
tendency towards higher levels of vitamin D in MS patients carrying haplotypes 1F-1F [47]. Recently, it was
shown the importance of assessing the status of vitamin D
in patients [48] since different variations in the DBP gene
have a different response to the supplementation of

Table 4 Characterization of the 25(OH) vitamin D levels status in the study sample
Sample (no.)

Median, interquartile range of 25(OH) vitamin D level (range between parenthesis)

95%CI for median

p value

MS (40)

13.95, 9.35 to 18.05 (8.0–26.0)

10.20–17.53

p = 0.0003*

Controls (70)

18.40, 14.10 to 27.0 (8.70–38.5)

Sample (no.)

Severe deficiency (%)

16.01 to 20.20
Insufficient (%)

Sufficient (%)

MS (40)

11 (27.5%)

40 (100%)

0 (0%)

Controls (70)

5 (7.1%)

60 (85.7%)

10 (14.3%)

*Statistically significant associations (p < 0.05)
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vitamin D [49]. Thus, we recommend considering MS patients’ genotypes and evaluate their vitamin status before
introducing vitamin supplementation.

Conclusions
Genetic polymorphisms at the DBP gene are risk factors
in developing multiple sclerosis. The homozygous recessive genotype at rs7041 was mainly associated with vitamin D deficiency and with the risk of MS. This study is
the first in Syria that studies the DBP gene and polymorphisms consequence on MS patients; further studies are
needed on large cohorts of patients and on other factors
affecting MS.
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