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Abstract.
BACKGROUND: Multiple sclerosis (MS) is a long-term condition characterized by chronic inflammation, damage to the
myelin sheath, and progressive nerve cell degeneration. It is a heterogeneous and multifactorial disease. The aim of the
present investigation was to analyze the connection between variations in the vitamin D receptor gene. (APAI rs7975232)
and vitamin D serum levels among MS patients.
METHODS: Blood samples were collected from 75 Iraqi patients with MS (33 male, 42 female), and 75 control group
volunteers who appeared to be in good health with an age range of 20–50 years. Vitamin D receptor (VDR) gene polymorphism
was detected by HRM RT-PCR and vitamin D serum levels were assessed by ELISA.
RESULTS: Detection of VDR gene polymorphism in MS patients discovered that the wild genotype was C/C 15 (20%), the
heterozygous genotype CA was 27(36%), and the homozygous genotype AA was 33(44%), whilst allele C occurrence was
57(38%) and allele A was 93(62%), compared per control genotype C/C was 40(53.3%), CA genotype was 20(26.6%), AA
genotype was 15(20%), C allele frequency was 100(66.6%) and A allele was 50(33.3%) with highly significant difference
(P ≤ 0.001). Analysis of vitamin D serum levels showed much higher levels in the control group (43.40 ± 0.85 pg/ml) than in
the MS patients group (15.46 ± 0.93 pg/ml; P ≤ 0.001). Result of relationship between Vitamin D serum level with genotype
of VDR among individuals with MS was found to be significant decrease (5.3 ± 0.52) at AA genotype of MS patients,
followed by (11.79 ± 0.68) in CA genotype and finally (15.52 ± 0.93) in CC genotype, all highly significant (P ≤ 0.01).
CONCLUSION: There was a notable correlation observed with VDR (APAI rs7975232) genotypes and Vitamin D serum
level in MS Iraqi patients.
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1. Introduction

Multiple sclerosis (MS) is a pathological condition that arises when the immune system attacks the
myelin sheath, which encompasses and safeguards nerve cells [1]. Research has shown that the risk of
MS is greatly influenced by both hereditary and environmental factors [2]. It has been postulated that
the immune system may be positively influenced by vitamin D (vit D), such that MS is less likely when
the body maintains sufficient amounts of this vitamin. Hence, it is vital for specialists to appreciate
the possible impacts of vit D fully. Numerous studies have investigated the influence of vit D on the
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formation and maturation of immune cells, such as macrophages, dendritic cells (DCs), T cells, and
B cells [3, 4]. Vit D binds to nuclear vit D receptors (VDRs), which belong to the steroid/thyroid
hormone receptor superfamily. The VDR gene is located on chromosome 12q12–14 in humans [5].
Specific variations of the VDR gene have been shown to be associated with alterations in the uptake
and functioning of vit D. The single nucleotide polymorphism (SNP) ApaI (rs7975232), located inside
intron 8 of the 3’ untranslated region (UTR), has been shown to have a correlation with the stability
of VDR mRNA, in conjunction with many other polymorphisms [6]. The generation of variant alleles
due to ApaI polymorphism has the potential to weaken the activities of VDR, hence increasing MS
vulnerability via an imbalance in vit D levels [3]. Vit D comprises two separate forms, known as D2
and D3, which function as hormones. Synthesis of D3 occurs in the skin upon exposure to sunshine.
Epidemiological studies have provided evidence indicating that there is a probable link between low
levels of vit D and the risk of developing MS. This relationship is believed to be primarily attributed
to the anti-inflammatory properties of vit D and its possible impact on cytokine levels [3, 7]. Given
that sun exposure stimulates the production of vit D3 in the skin, it is postulated that early childhood
exposure to sunlight is correlated with a decrease in the likelihood of developing MS [8]. Research
has shown that vit D has a vital role in enhancing regulatory function to manage autoimmune diseases.
It has been noted that individuals with MS often have reduced levels of vit D in their blood [9, 10].
MS is a very consequential health condition of considerable importance. The primary objective of this
research was to explore the correlation between the polymorphism of the vit D receptor gene (ApaI
rs7975232) and the blood level of vit D in individuals diagnosed with MS.

2. Materials and methods

The study was approved by the Ethics Committee of our institution (Reference number: IGE-
BGS.H.2.1303, at 15-5-2022) and informed consent obtained. Venous blood (3 mL) was drawn
from each of the 75 patients diagnosed with MS (30 men and 45 women). The patients were aged
between 20 years and 50 years. They were age- and gender-matched with 75 apparently healthy
volunteers, who served as a control group. The provided samples were partitioned into two parts.;
first 1 ml of blood was transferred into EDTA anti-coagulant tubes, mixed slightly, and stored at
(–20 ◦ C) until the DNA purification kit (Promega/USA) was used to extract DNA from the sam-
ple according to Mohammed [11, 12] for the detection of VDR (rs975232) polymorphism by using
the High-resolution melting (HRM) method by RT- PCR. The amplification of DNA fragmenta-
tion was carried out utilizing the primers (T-RW=CTAGGGGTGGTGGGATTGAGCAGTGAAGT,
G-RW=TGCGGGGTGGTGGGATTGAGCAGTGAAGG and Common Forwards = GAAGGCA
CAGGAGCTCTCAGCTGGGC). The thermal procedure for HRM involved initiating Taq Polymerase
activation at 95 ◦C for 3 minutes, followed by 45 cycles of denaturation at 95 ◦C for 25 seconds, anneal-
ing at 62 ◦C for 30 seconds, and a final extension at 72 ◦C for 20 seconds. Following PCR amplification,
HRM was conducted within the temperature range of 60–95 ◦C.

The remaining 2 mL were transferred into a gel tube and left to rest for 10–30 min to facilitate serum
clotting. Following this, the tube was centrifuged at 3000 rpm for 10 min, and the obtained serum was
stored at –20 ◦C until it was utilized for evaluation of vit D via ELISA.

The effects of multiple factors on the study parameters were determined using the Statistical Analysis
System (SAS) program [13]. The Chi-square test was used to compare the distribution of patients and
control subjects according to gender and autoimmune disease as well as genotype frequencies and
alleles between sick and control groups. T-test was used to compare the mean gene expression of
patients and control for significant differences between percentages (at probabilities of 0.05 and 0.01).
The odds ratios (ORs) and 95% confidence intervals (CIs) were calculated to estimate the risk of MS
with variable genotypes.
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3. Results

The age distribution of MS patients revealed that the greatest prevalence occurred in the 30–39-year-
old age bracket, comprising 37 cases (49.3%). The 40–49- and 20–29-year-old age groups exhibited
equivalent proportions of 16 cases each (21.3%). Conversely, the 50 + age group demonstrated the
lowest proportion, with six cases (8%). These variations were statistically significant (p ≤ 0.01), as
shown in Table (1).

Outcomes of genotypes distribution and allele frequency VDR gene (APA rs975232) were achieved
by using HRM real time PCR. The output of thermocycler for the three genotypes; wild CC, mutant
AA and hetero CA are shown in Fig. (1). The melting curve of primers specificity is illustrated in Fig.
(2).

The results of genotype distribution in the MS patients and control groups show that the wild genotype
CC occurred in 15 patients (20.0%), CA the heterogeneous was 27 (36.0%), and the homogenous
genotype AA, was 33 (44.0%), and the incidence of the (C) allele was 57 (38.0%) with OR (0.34).
The (A) allele incidence was 93 (62.0%) with OR (2.9) in MS patient group, while in control group,
wild genotype CC was 40 (53.3%), heterozygous genotype CA was 20 sample (26.6%), homozygous
genotype AA was 15 (20. %). The frequency of C allele was 100 (66.6%), A allele frequency was 50
(3.33%) with highly significant difference as shown by a p-value 0.01 (Table 2).

The results comparing serum vit D levels indicate significantly greater levels in the control
(mean ± standard deviation = 43.4 ± 0.85 pg/mL) than in the MS group (15.5 ± 0.93 pg/mL). The
statistical analysis demonstrates high significance, with p ≤ 0.01 (Table 3, Fig. 3).

The relationship between serum vit D level with VDR genotypes in MS patients, revealed that a sub-
stantial decrease in serum vit D level (5.3 + 0.52 pg/ml) at AA genotype, followed by (11.8 + 0.68 pg/ml)
in CA genotype, and finally (15.5 + 0.93 pg/ml) in CC genotype individuals with highly statistical
significance, p-value of less ≤ (Table 4).

4. Discussion

This study found that the highest incidence of MS occurred in the 30–39-year-old age group. This
phenomenon may be linked to modern lifestyle choices, including a heavy dependence on fast food
that lacks essential nutrients. Moreover, prolonged sedentary habits, marked by excessive time spent
using TVs, computers, and phones, might play a role, as individuals may neglect outdoor pursuits
and regular exercise. Similar findings have been shown in other research, indicating that the occur-
rence of MS is prevalent among individuals in their thirties. These results align with the research

Table 1
Comparison between patient’s age

Age (years) Patients No. (%)

Twenty -twenty nine 16 (21.3%)
Thirty -thirty nine 37 (49.3%)
Forty- forty nine 16 (21.3%)
Fifty ≤ 6 (8%)
Chi-Square 32.0
P-value 0.001

**(P ≤ 0.01).
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Fig. 1. Output of HRM real time for the three genotypes: The Wild CC showing in sky color, AA Mutant in green, and CA
hetero in violet.

Fig. 2. The melting curve of primers which explain the high specificity for the primer.
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Table 2
Genotypes spreading and allele frequency of VDR SNP (APA rs7975232 C > A) In both the patient and control groups

Genotype C/A Patients No. (%) Control No. (%) Chi-Square (χ2) O.R. (C.I.) P-value

Wild: CC 15 (20%) 40 (53.3%) 6.84 0.27 (0.13–0.55) 0.0004**
heterozygous: CA 27 (36%) 20 (26.6%) 5.82 1.19 (0.60–2.35) 0.016*
mutant homozygous: AA 33 (44%) 15 (20%) 15.32 3.14 (1.51–6.49) 0.0001**
Total 75 (100%) 75 (100%)
Chi-square 3.84 6.24
P-value 0.04 0.04

Allele Frequency Chi-square O.R. (C.I.) P-value

C 57(38%) 100 (66.6%) 22.36 0.34 (0.21–0.55) 0.0001**
A 93(62%) 50 (33.3%) 20.28 2.9 (1.81–4.63) 0.0001**
Chi-square 4.17 7.0
P-value 0.01* 0.001**

*(P ≤ 0.05); **(P ≤ 0.01); CI: Confidence Interval; O.R: Odd Ratio.

Table 3
Different between serum VD level in MS patients and control groups

Group Mean±SE of serum VDR (pg/ml)

Patients 15.46 + 0.93
Control 43.40 + 0.85
T-test –22.02
P-value 0.0001**

**(P ≤ 0.01).

Fig. 3. Comparison between serum VD level in MS patients and control group.
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Table 4
Relationship between VDR SNP (APA rs7975232 C > A) and VD serum level

Geno type Mean±SE VD serum (pg/ml)

CC 15.52 + 0.93
CA 11.79 + 0.68
AA 5.3 + 0.52

**(P ≤ 0.1).

conducted by Alroughani, who also observed a high prevalence of MS among individuals in this age
group [14–17]. The findings of the current study contradict the research conducted by Khademi et
al. [18], which observed a lower prevalence of MS in individuals aged 35 to 32 compared to older
age groups. There are several reasons for this difference, including the severity and progression of the
disease, the effectiveness of treatment at younger ages, and individual variations in pathology among
patients.

Results of genotypes and allele incidence of VDR SNP (APAI rs7975232) in those with MS and
control groups, indicated that individuals with at least one copy of the (A) allele had an elevated
susceptibility to MS. Among the genetic variations studied for disease susceptibility, the most exten-
sively investigated are single-nucleotide polymorphisms (SNPs). Of particular functional significance
is the APA-I polymorphism, characterized by a C/A allele variation located within intron 8 of the 3’
un translated region (UTR) of the VDR gene. Furthermore, an intriguing interaction was observed
concerning the impact of the VDR APA-I polymorphism on MS risk and the nutritional consumption
of vit D. The C allele of the APA SNP was related with declined 25(OH) [18]. Alignment with prior
research is seen in our findings, echoing earlier studies that identified a significant correlation between
the APA-I polymorphism and MS in both the alleles (CA) and (AA). This correlation was particularly
noteworthy when compared to other studies. Moreover, a link was revealed between the presence of
the A allele in the APA-I polymorphism and reduced levels of 25(OH)D. Noteworthy associations
were also established between polymorphisms in the VDR gene and the severity and progression of
MS [19–21]. Vit D impacts the activity of microglia, which are known for releasing inflammatory
substances that contribute to myelin damage in central nervous system autoimmunity. Treating mice
with calcitriol immediately after inducing autoimmunity results in reduced activation of microglia, less
oxidative stress, and decreased permeability of the blood-brain barrier [22]. Deleting a portion of the
vit D receptors in young mice lessens microglia activation, reducing both the occurrence and severity
of autoimmunity. In various central nervous system diseases and injuries, vit D has been observed to
regulate the behavior and oxidative stress of microglia [23]. Consequently, vit D seems to effectively
shift microglia from an inflammatory M1 state to a reparative M2 state, thereby decreasing inflamma-
tion and limiting demyelination [24]. The correlation between the severity of MS and vit D levels can
be elucidated by the potent immune-modulating properties of vit D. The activity of proinflammatory
cells is suppressed by this vitamin, which simultaneously promotes the activity of anti-inflammatory
cells and cytokines [9].

The correlation between serum vit D levels and the VDR genotype in MS patients shows that those
with at least one (A) allele are at an elevated risk of MS. Additionally, the presence of the mutant
(A) allele in heterozygous (CA) and homozygous (CC) forms is linked to the vit D status among MS
patients. Based on our result we emphasize the need for future studies with greater sample size to
enhance the generalizability of the findings.
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5. Conclusions

The VDR (APAI rs7975232) genotype plays in important role in immune responses and, conse-
quently, MS susceptibility. A higher risk of MS was observed in patients that had at least one copy of
the (A) allele, and there was an association between vit D serum level and the presence of the mutant
(A) allele in heterozygous (CA) and homozygous (CC) genotypes in Iraqi MS patients.
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