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Background: The main carrier protein of vitamin D and its metabolites in plasma is vitamin D binding protein (VDBP) or group-specific component (Gc). Two single nucleotide polymorphisms, rs7041, and rs4588 in the GC gene result in three major VDBP/Gc genotypes, GC1F (c.1296T, c.1307C), GC1S (c.1296G, c.1307C), GC2 (c.1296T, c.1307A), and phenotypes, Gc1F (p.432Asp, p.436Thr), Gc1S (p.432Glu, p.436Thr), and Gc2 (p.432Asp, p.436Lys). This study investigated frequencies of GC genotypes and phenotypes in Kuwaiti multiple sclerosis (MS) patients and healthy controls, and their associations with serum levels of 25 hydroxyvitamin D [25(OH)vitamin D] and VDBP.

Methods: The genomic DNA was isolated from blood samples of drug-naïve MS patients (N = 151) and controls (N = 127). DNA regions covering the targeted mutations were amplified by PCR, sequenced by the Sanger method, and analyzed to determine GC genotypes and phenotypes. Serum 25(OH)vitamin D and VDBP levels were measured by enzyme immunoassay. SPSS used for statistical analyses. Differences between independent and related groups tested by Mann–Whitney U and Wilcoxon signed-rank tests respectively, Genotype and phenotype frequencies were calculated; p < 0.05 considered significant.

Results: The study detected four Gc genotypes/phenotypes, namely GC1F/Gc1F (c.1296T, c.1307C/p.432Asp, p.436Thr), GC1S/Gc1S (c.1296G, c.1307C/p.432Glu, p.436Thr), GC2/Gc2 (c.1296T, c.1307A/p.432Asp, p.436Lys), and GC3/Gc3 (c.1296G; c.1307A/p.432Glu, p.436Lys) in both subjects. The frequencies of GC3 genotype (control: 5.51%; patient: 28.48%) and Gc3-containing phenotypic groups (Gc1S/Gc3 + Gc2/Gc3 + Gc3/Gc3) were significantly higher in patients. Moreover, frequencies of GC1F genotype (control: 27.17%; patients: 5.30%) and Gc1F-containing phenotypic groups (Gc1F/Gc1F + Gc1S/Gc1F + Gc2/Gc1F) were higher in controls. Vitamin D levels were deficient in both groups. However, VDBP concentrations were significantly low in MS patients only.

Conclusion: The VDBP/GC genotypes and phenotypes are associated with MS. Common genotype GC1F might be protective, and GC3, the novel variant found in MS patients appeared to be pathogenetic. Hypovitaminosis-D is prevalent in MS patients and controls.
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Introduction

Multiple sclerosis (MS) is a chronic inflammatory demyelinating disease of the central nervous system, influenced by a complex interplay of genetic predisposition and environmental triggers (1). While the precise cause of MS remains unclear, its prevalence varies significantly across geographic and ethnic groups (2). In Kuwait, the crude prevalence rate has shown a marked increase from 31.15/100,000 in 2000 to 85.05/100,000 in 2011, suggesting potential environmental contributions (3, 4). Studies indicated that genetic factors such as human leukocyte antigens (HLA) (5) and environmental influences like geographical locations (6), sun exposure (7–9), dietary intake (9), vitamin D levels (10), may play significant roles in MS risk (11).

Vitamin D and its carrier protein, vitamin D binding protein (VDBP), have been implicated in MS pathogenesis (9, 10, 12). The bioactive metabolite 1,25-hydroxyvitamin D is a secosteroid hormone that is synthesized in the skin on exposure to ultraviolet radiation (13). A collaborative study from US reported that the risk of developing MS decreases with increasing levels of serum 25 hydroxyvitamin D3 [25(OH) D3] (10). MS disease activity influenced by 25(OH) D3 status (14). Low levels of vitamin D are associated with accrual of disability, and increased relapse rate (15). Furthermore, vitamin D supplementation has been shown to ameliorate disease activity in the MS experimental model; experimental autoimmune encephalitis (16).

Proteomic analysis studies have explored the role of vitamin D binding protein (VDBP), also known as the group-specific component (Gc), in multiple sclerosis (MS) (17, 18). Synthesized in the liver, VDBP binds and transports vitamin D and its metabolites to target organs (19). Genetic variations in the VDBP gene, particularly two single nucleotide polymorphisms (SNPs), rs7041 and rs4588, lead to three key isoforms: Gc1 fast (Gc1F), Gc1 slow (GC1F), and Gc2 (20). These isoforms lead to three major VDBP/Gc genotypes (GC), namely GC1F (c.1296T, c.1307C), GC1S (c.1296G, c.1307C), and GC2 (c.1296T, c.1307A); and phenotypes (Gc), namely Gc1F (p.432Asp, p.436Thr), Gc1S (p.432Glu, p.436Thr), and Gc2 (p.432Asp, p.436Lys) (21).

These isoforms influence vitamin D bioavailability, affecting genetic susceptibility to diseases (22). Proteomic research has identified lower VDBP levels in the cerebrospinal fluid of MS patients, especially during acute relapses (23). Genetic studies examining the VDBP gene’s role in MS have shown mixed results. Research from Japan, Canada, and Italy found no significant association between GC genotypes and MS risk, although these findings might not apply universally due to population specific VDBP isoform distributions (13, 24, 25). Interestingly, VDBP polymorphisms have been linked to other chronic immune-related diseases like asthma and diabetes (22). Recent studies have observed lower VDBP levels in MS patients compared to healthy individuals, though the role of GC genotypes in these variations remains unexplored (26, 27). These findings highlight the need for further investigation into VDBP polymorphisms and their interplay with vitamin D metabolism and MS susceptibility across diverse populations.

In this study, we investigated 1,112 alleles from 278 subjects (151 drug naïve Kuwaiti MS patients and 127 healthy controls) to explore the distribution of VDBP genotypes and phenotypes and their association with serum levels of 25-hydroxyvitamin D [25(OH)vitamin D] and VDBP. Each chromosome in a diploid somatic cell is made up of two chromatids, each of which contains a copy of an allele at each genetic location. A diploid cell contains 4 copies of an allele. We aim to determine whether these genetic variations contribute to MS susceptibility in the Kuwaiti population and their associations (if any) with the serum concentrations of 25(OH)vitamin D and VDBP.



Methods


Subjects

In this observational study, we recruited 151 drug naïve Kuwaiti patients diagnosed with MS and 127 healthy controls. Recruitment of subjects (both patients and controls) and data collection was done from October 2017 to October 2018. The sample calculation was done by unmatched case-control study following OpenEpi, Version 3 (28). Both groups of subjects were approximately frequency matched for age and sex (29). MS patients were recruited from the MS clinic of Mubarak Al Kabeer Hospital, Kuwait, and the control subjects were selected from healthy individuals among the Kuwaiti population. The MS patients were diagnosed according to the McDonald criteria (30) and followed up by our team of experienced neurologists at the national MS clinic at Mubarak Al-Kabeer Hospital in Kuwait. Type of MS was identified (30) and disability due to MS was measured using the expanded disability status scale (EDSS) (31). At the time of recruitment, none of the control subjects had any documented history of autoimmune, inflammatory, or neurologic diseases and had no family history of MS. Moreover, none of the patients were taking any disease-modifying drugs and they did not receive corticosteroids during the month prior to the evaluation. The female subjects (controls and patients) were not on estrogen supplementation.

All the participants signed a voluntary informed consent form, which was approved by the Ethics Committees of the Health Sciences Centre, Kuwait University approval number-VDR/EC/3073-June-6, 2017.

Both patients and controls were interviewed and requested to fill in a questionnaire that was designed to collect information like age, gender, body mass index (BMI), daily habits (including sun exposure, choice of routine outdoor dressing, routine diet, and outdoor physical activity, etc.), past medical history, and current and past medications (including dietary supplements). Like any other observational case controls study the potential for recall bias cannot be ruled out in this study.



Biochemical analysis

Overnight fasting blood specimens were collected from all subjects and immediately centrifuged at 3,000 RPM for 15 min, and the serum samples were stored at −40°C until analyzed using commercially available kits. The enzyme immunoassay (EIA) was performed to estimate the levels of total 25(OH)vitamin D (Immune Diagnostic Systems, Bensheim, Germany) following the kit manufacturer’s protocols.

The procedure for estimating 25(OH)vitamin D in serum involves dilution of calibrators, controls, and samples with biotin labelled 25(OH)vitamin D. The diluted samples were incubated in highly specific sheep 25(OH)vitamin D antibody coated microtiter wells for 2 h at room temperature before aspiration and washing. Enzyme (horseradish peroxidase) labelled avidin, was added and binds selectively to complexed biotin and, following a further wash step, colour was developed using a chromogenic substrate (TMB). The absorbance of the stopped reaction mixtures was read in a microtiter plate reader, colour intensity developed being proportional to the concentration of 25-(OH)vitamin D. The intra-assay coefficients of variations (CVs) were 5.3 and 5.6% at 39.0 and 61.1 nmol/L, respectively. The inter-assay CVs were 4.6 and 6.4% at 40.3 and 72.0 nmol/L, respectively. A quantitative Sandwich Enzyme Immunoassay was conducted using the manufacturer’s procedure to estimate VDBP (Quantikine, R&D systems, Minneapolis, MN, United States). In brief, the procedure involved dilution of standard, control serum sample with calibrator diluent RD6-11 followed by incubation in highly specific monoclonal VDBP antibody coated microplate for 1 h at room temperature before aspiration and washing. After washing away any outbound substances, an enzyme linked monoclonal antibody specific for VDBP was added to the well, following a further wash step, a chromogenic substrate solution was added to the well and colour was developed. The absorbance of the stopped reaction mixtures was read in a microtiter plate reader, colour intensity developed being proportional to the concentration of VDBP bound in initial step. The intra-assay coefficients of variations (CVs) were 5.7 and 6.2% at 33.0 and 180 ng/mL, respectively. The inter-assay CVs were 5.1 and 7.4% at 52.9 and 164 ng/mL, respectively.

As per the recommendations of the clinical practice guidelines of the Endocrine Society Task Force (32), the cutoff points utilized for classification in this study were: serum 25(OH)vitamin D <50 nmol/L—vitamin D deficiency; <25 nmol/L—severe vitamin D deficiency (33), and inadequate or insufficient at 50–75 nmol/L (20–30 ng/mL) and sufficient or adequate at >75 nmol/L (>30 ng/mL) (34, 35).



Isolation of genomic DNA

Genomic DNA was isolated from whole blood of MS patients and healthy controls using the DNA Blood Mini Kit (Qiagen, Hilden, Germany), following the manufacturer’s instructions. The quality and quantity of the isolated genomic DNA were determined using a low volume (2 μL sample) Epoch Microplate Spectrophotometer (BioTek Instruments, Inc., Winooski, VT, United States) by measuring the absorbance at 260 nm and 280 nm. DNA from these samples was used for determining GC genotypes. Conventional PCR method was used for amplification of the target DNA sample.



Oligonucleotide primers for amplification of the GC target DNA

The forward (5-gatctcgaagaggcatgtttc-3′) and reverse (5′-gttgcctgtgttcacagactc-3′) primers were designed based on the genomic DNA sequence of human GC gene (GenBank: L10641.1, gene length = 55,136 nucleotides) using Primer Design Software of National Centre for Biotechnology Information (NCBI), Bethesda, MD, United States. These primers annealed at the sites in the GC gene, which encompassed the two specific mutation sites, i.e., G and C at the locations 35,706 and 35,717 in the GC gene, respectively (21).



PCR amplification of target region

The forward (F) and reverse (R) primers were used in PCR amplification according to standard methods (21). In brief, PCRs were performed in 0.2 mL microtubes with a total volume of 50 μL containing 100 ng of genomic DNA, 250 μM of each dNTP, 10 mM tris-HCl (pH 8.3), 50 Mm KCl, 2 mM MgCl2, 2.5 units of AmpliTaq Gold® DNA polymerase (Thermo Fisher Scientific, Waltham, MA, United States) and 25 pmol of each F and R primer. PCR cycles were performed with an initial denaturation step of 10 min at 95°C for the activation of Ampli-TaqGold, followed by 30 cycles of 94°C for 30 s, 60°C for 30 s, and 72°C for 30 s with a final extension step of 72°C for 5 min. The expected size of PCR product (597 bp) was confirmed by agarose gel electrophoresis using 1.5% agarose gels (21, 36). DNA extracted from human subjects from the same population was used as positive control and mastermix without any DNA used as negative control.



Sequencing of PCR products and analysis of data

The PCR products were sequenced according to Sanger’s method using an automated DNA Sequencing System (ABI 3130xl Genetic Analyzer, Thermo Fisher Scientific) (21). In brief, the purification of amplified products was performed by addition of 2 μL of ExoSAP-IT® to 5 μL of the PCR product and incubated for 15 min at 37°C, followed by heating at 80°C for 15 min, which made the enzyme inactive. The purified DNA fragments (10 ng) were used in the cycle-sequencing reaction using a BigDye Terminator v1.3 Cycle Sequencing Kit (Thermo Fisher Scientific). The generated DNA fragments were purified using BigDye XTerminator® Purification Kits (Thermo Fisher Scientific) and analyzed using an ABI 3130x Genetic Analyzer (Thermo Fisher Scientific). DNA sequence data of the PCR amplified fragments were analyzed for specific mutations rs7041 (G − T) and rs4588 (C − A) using the software in the Genetic Analyzer. Based on these results, the frequencies of GC genotypes and phenotypes were determined (36).



Statistical analyses

Statistical analyses were carried out using Statistical Package for Social Sciences (SPSS) (IBM Corporation, Armonk, NY, United States 2013). Qualitative variables were described using numbers and percentages, while quantitative variables were obtained using medians (25th–75th percentile) and mean ± SD, as appropriate. Differences between two independent groups were tested with the Mann–Whitney U test. Differences between two related samples were tested with the Wilcoxon signed-rank test. The genotype and phenotype frequencies in MS patients and controls were calculated and the results were compared using Fisher’s exact test or chi square test (as appropriate). p < 0.05 was taken as significant. Missing variables are removed from the analysis.




Results


Study population

Initially, following the sample size calculated (28), a total of 188 potentially eligible patients and equal number of control subjects were included in the study, however 37 patients and 61 controls withdrawn from the study citing personal circumstances and excluded from analysis. The descriptive characteristics of rest the cohort are presented in Table 1. The subjects were young adults (mean age: 33.6 ± 10.1 years) and none of them reported to take any medications. The study population of Kuwaiti nationals comprised of three ethnicities, i.e., non-Bedouin Arabs (44.5%) Bedouin Arabs (42.2%) and Persians (13.3%). The patients were diagnosed having MS at early adulthood (mean age: 28.2 ± 9.3) with a duration of disease varying from 0–6 years. Most of the patients (86.1%, N = 130) were having relapsing remitting MS (RRMS), followed by secondary progressive (RP) (12.6%, N = 19) and primary progressive (PP) (1.3%, N = 2) MS (Table 1). None of the patients were reported to take immunomodulatory therapy. Disease severity measures by EDSS was 1.5 (0–3) [Quartile 1 (Q1)–Quartile 3 (Q3)] (Table 1).



TABLE 1 Demographics characteristics of healthy subjects and MS patients and clinical dada of MS patients.
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Genotyping analysis

The results of PCR amplification, followed by agarose gel electrophoresis, showed that the product of specific size (597 bp DNA) was amplified from the genomic DNA of all samples. The sequencing of PCR amplified DNA was successful in all controls and patients, and the sequence analyses confirmed that the PCR products belonged to the GC gene. PCR amplification efficiency was 100%, sequencing read quality was highly efficient to provide successful sequencing of all samples included in this study. Furthermore, the sequence analyses identified the nucleotide bases present in the GC gene at the specific mutation sites, i.e., locations 35,706 (G to T) and 35,717 (C to A). A representative result is shown in Figure 1 (21).

[image: Figure 1]

FIGURE 1
 DNA sequence of a representative sample with genotype G-C/G-A and phenotype Gc1S/Gc3. A representative result of PCR amplification, followed by agarose gel electrophoresis, showed that the product of specific size (597 bp DNA) was amplified from the genomic DNA.




GC allelic subtypes

The overall analyses of DNA sequence data identified the existence of four different allelic subtypes of GC, namely GC1S, GC1F, GC2 and GC3 in the study population (Table 2). Among the total allelic subtypes in controls (N = 508 alleles in 121 healthy subjects) and patients (N = 604 alleles in 151 MS patients), GC1S was the predominant subtype present in almost equal frequencies in controls (N = 270, 53.15%) and patients (N = 306, 50.66%), p > 0.05 (Table 2). However, the frequency of GC1F allele was significantly higher in controls (N = 138, 27.17%) than in patients (N = 32, 5.3%) (p < 0.005) and the frequency of GC3 was significantly higher in patients (N = 172, 28.48%) than in controls (N = 28, 5.51%) (p < 0.005). GC2 frequencies were almost similar in controls (N = 72, 14.17%) and patients (N = 94, 15.56%), (p > 0.05). All p-values were generated using the Pearson chi-square test in Table 2.



TABLE 2 Types of GC alleles in healthy subjects and MS patients.
[image: Table2]



Gc phenotypes

In the studied populations of controls and patients, different VDBP/GC alleles (GCa) resulted into nine Gc phenotypes. The comparative accounts of these phenotypes are presented in Table 3. The most common phenotype was Gc1S/Gc1S in both controls (N = 43, 33.6%) and patients (N = 49, 32.5%), followed by Gc1S/Gc2 + Gc1F/Gc3 [controls (N = 31, 24.4%) vs. patients (N = 30, 19.9%)], without any significant differences among controls and patients. However, significant differences were observed in the distribution of other phenotypes among controls and patients, i.e., the frequency of Gc1S/Gc1F phenotype was higher in controls than in patients (controls N = 33, 26.0% vs. patients: N = 1, 0.7%, pa < 0.001), Gc2/Gc1F was present only in controls (controls N = 14, 11.0% vs. patients N = 0, pb < 0.001); whereas, Gc1S/Gc3 (patients: N = 39, 25.9% vs. controls: N = 0, pa < 0.001) and Gc3/Gc3 (controls: N = 0, 0.0% vs. patients: N = 9, 6.0%, pa < 0.001) were found only in patients (Table 3). The phenotype Gc1F/Gc1F was present only in controls (N = 3, 2.4%) and not in patients (N = 0, 0.0%, pb 0.094), but the number was too low to give rise significant difference (Table 3). In Table 3 p-values were generated using the Pearson chi-square test (pa) Fisher’s Exact test (pb).



TABLE 3 Distribution of Gc phenotypes among the healthy controls and MS patients.
[image: Table3]

In a somatic cell (diploid cell), each chromosome is present in two copies and each GCa can be present in homozygous or heterozygous associations. On the basis of homozygous and heterozygous distributions, we clustered the Gc phenotypes into 5 phenotypic groups, which are Gc1S/Gc1S (homozygous at both loci without mutations, wild type), Gc1S/Gc3 + Gc2/Gc3 + Gc3/Gc3 (heterozygous at one locus and homozygous at the other), Gc1S/Gc2 + Gc1F/Gc3 (heterozygous at both loci), Gc1F/Gc1F + Gc1S/Gc1F + Gc2/Gc1F (homozygous at one locus and heterozygous at the other) and Gc2/Gc2 (homozygous at both loci with mutations) (Table 4). It was found that Gc1S/Gc1S was predominant with almost equal frequency in both the groups (healthy controls: N = 43, 33.9% vs. patients: N = 49, 32.5%, p = 0.799), followed by heterozygous Gc1S/Gc2/Gc1F/Gc3 (healthy controls: N = 31, 24.4% vs. patients: N = 30, 19.9%, p = 0.466). However, other Gc3 containing phenotypes (Gc1S/Gc3 + GC2/Gc3 + Gc3/Gc3) were present only in patients but not in controls (healthy controls: N = 0, 0.0% vs. patients: N = 62, 41.1%; p < 0.001) and the presence of Gc1F containing phenotypes (Gc1F/Gc1F + Gc1S/Gc1F + Gc2/Gc1F) was significantly higher in controls than in patients (healthy controls: N = 50, 39.4% vs. patients: N = 1, 0.7%; p < 0.001). The distribution of mutant homozygous phenotype Gc2/Gc2 did not significantly differ in patients and controls (Table 4). In Table 4, p-values were generated using the Mann–Whitney test.



TABLE 4 Concentration of 25(OH)vitamin D and VDBP in serum.
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Serum 25(OH)vitamin D and VDBP levels in the study groups

In the studied subjects, hypovitaminosis D (<50 nmol/L) was common in both patients and controls and they were equally deficient in total 25(OH)vitamin D (nmol/L) level [controls: 28.1 (17.9–47.6) vs. patients: 28.0 (17.1–50.6); p = 0.848]; total 25(OH)vitamin D (nmol/L) represented by median (25th–75th percentile) (Table 5). However, the serum level of VDBP (μg/mL) was significantly higher in controls than in patients [controls: 235.8 (152.5–286.7) vs. patients: 158.8 (115.8–238.4); p = <0.001] represented by median (25th–75th percentile) (Table 5); p-values were generated using the Mann–Whitney test.



TABLE 5 The serum concentrations of total 25(OH)vitamin D and VDBP in relation to the absence or presence or of various GC alleles.
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Serum 25(OH)vitamin D and VDBP levels in relation to GCa

The analysis of vitamin D and VDBP levels in sera of patients and controls showed that all of them were vitamin D deficient (<50 nmol/L) in relation to the presence or absence of all the four GCa (Table 6). The role of each GCa on serum 25(OH)vitamin D and VDBP concentrations was analyzed by comparing their concentrations in the presence and absence of specific GCa in the study cohort (Table 6). These analyses revealed no association between the presence or absence of any of the four GCa and the total 25(OH)vitamin D levels in patients and controls. However, the presence of GC1S allele was linked to higher levels of VDBP in both controls (p < 0.002) and patients (p < 0.001). Despite this, patients having the GC1S allele exhibited lower VDBP concentrations compared to controls. On the other hand, the presence of GC1F allele was associated with significantly lower level of VDBP in controls only (p < 0.001), and the presence of GC3 allele was significantly associated with lower level of VDBP in patients only (p < 0.026) (Table 6). There was no significant difference in the concentration of VDBP level in controls.



TABLE 6 The serum concentrations of total 25(OH)vitamin D (nmol/L) and VDBP (μg/mL) in relation to various Gc phenotypes.
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Serum 25(OH)vitamin D and VDBP levels in relation to Gc phenotypes

The analysis of 25(OH)vitamin D and VDBP levels in sera of patients and controls showed that all of them were vitamin D deficient (<50 nmol/L) or insufficient (50–75 nmol/L) in relation to various Gc phenotypes, except one patient, having Gc1S/Gc1F phenotype, was associated with sufficient level of 25(OH)vitamin D, i.e., >75 nmol/L (Table 6). This was possibly an outlier than a norm. The VDBP level in healthy controls were significantly lower in subjects with phenotypes Gc1F/Gc1F + Gc2/Gc1F + Gc1S/Gc1F (Table 6). The comparisons of VDBP levels showed that the patients with Gc1S/Gc1s and Gc1S/Gc2/Gc1F/Gc3 phenotypes had significantly lower levels than controls (Table 6).




Discussion

This study was performed to determine the association of VDBP/Gc genotypes and phenotypes with the concentrations of 25(OH)vitamin D and VDBP in healthy subjects and MS patients of Kuwaiti nationality. The results showed the presence of four alleles in Kuwaiti population, i.e., GC1S, GC1F, GC2, and GC3. Among these, GC1S and GC2 were present in both homozygous and heterozygous combinations in healthy subjects and MS patients, while GC3 was present in both homozygous and heterozygous combinations in MS patients but it was present only in heterozygous combinations in healthy subjects. In contrast, GC1F was present in both homozygous and heterozygous combinations in healthy subjects but it was present only in heterozygous combinations in MS patients. Most of the previous studies have shown the existence of only three alleles of GC, i.e., GC1S, GC1F, and GC2 in various populations around the world (37–39), including the Middle East (40–42). The fourth allele GC3 was reported only in a single study conducted in a young and healthy Lebanese population (43). Recently, we reported the presence of the rare allele GC3 in Kuwaiti subjects (21). However, as compared to our study in which GC3 was present only in a heterozygous combination in healthy subjects, in the Lebanese study, GC3 was present in both homozygous and heterozygous combinations in healthy subjects. It is worth mentioning here that the Lebanese study did not include any patient group to compare the frequency GC3 with the healthy subjects (43).

The analyses of our results with respect to GCa and association with MS patients and healthy subjects revealed that the frequency of GC1F was significantly higher in healthy controls and GC3 was significantly higher in MS patients, whereas there were no significant differences for the frequencies of GC1S, and GC2 alleles in the healthy controls and MS patients. These results suggest that GC1F may be protective and GC3 pathogenic for MS. Previous studies conducted in Japan, Canada and Italy did not include GC3 in their experiments and GC1F was not associated with protection or pathogenesis against MS (13, 24, 25, 44). The results obtained in our study may be population-specific because population-specific associations for GCa have been reported in other diseases, e.g., chronic obstructive pulmonary disease (40, 45). However, the association of GC1F with protection has been reported in other diseases, like cancer (46).

We observed that the homozygous alleles (TT/CC) at both loci (rs4077/rs4588) leading to the phenotype Gc1F/Gc1F and homozygous alleles at one locus and heterozygous alleles at the other locus (GT/CC or TT/CA) leading to phenotypes Gc1S/Gc1F or Gc2/Gc1F were expressed at higher frequency in controls than patients. Whereas GC3 homozygous alleles (GG/AA) at both loci (rs4077/rs4588) leading to phenotype Gc3/Gc3 and homozygous alleles at one locus and heterozygous alleles at the other locus (GG/CA and GT/AA) leading to phenotypes Gc1S/Gc3 and Gc2/Gc3 were expressed at higher frequency in patients than controls. However, the phenotype containing both Gc1F and Gc3 in a single individual, i.e., Gc1S/Gc2/Gc1F/Gc3 due to heterozygous alleles GT/CA at both loci (rs4077 and rs4588), was expressed in equal frequencies in both MS patients and healthy subjects. These results suggest that the presence of the Gc3 and Gc1F in the same individual appeared to nullify their independent pathogenic and protective effects.

Our study indicates that both groups of subjects were deficient in 25(OH)vitamin D levels in blood and that there were no significant differences in the 25(OH)vitamin D levels in the two groups. These results are compatible with a previous report from Kuwait showing vitamin D deficiency in both healthy subjects and MS patients (47). Furthermore, no differences in the vitamin D level among healthy subjects and MS patients have been reported from other parts of the world as well (48), and no significant association between high-dose vitamin D treatment and risk of MS relapses was found in a meta-analysis published in 2013 (49). However, an increasing volume of work suggests that lower levels of serum vitamin D are associated with an increased risk of MS and a more severe disease course (50). Furthermore, recent study has suggested that vitamin D supplementation may have a therapeutic role in the treatment of MS and improvements in disease measures may be more apparent in those with lower baseline vitamin D levels (51).

Our finding that GC3 and GC1F are associated with the incidence of MS is in line with Gezmis’s et al. (52) observation that rs4588 variations are associated with an increased risk of developing MS. However, since all our patients and controls had vitamin D deficiency, we were unable to find a link between the two conditions.

We noted that VDBP concentrations were significantly higher in controls than in patients. As VDBP binds vitamin D, the higher concentrations of VDBP may be associated with lower concentrations of vitamin D in serum (53). However, our results did not support this hypothesis as vitamin D concentrations were similar and insufficient in both controls and MS patients. Our results in this and a previous study indicate that lower VDBP levels could be associated with MS pathogenesis (26). Somewhat similar results have been reported by Qin et al. (23) showing that lower concentrations of VDBP were found in the cerebrospinal fluid of relapsing and remitting MS patients during acute relapse compared to patients with other neurological diseases. However, some other studies have either shown a lack of association for VDBP level in MS patients (49, 54), or presence of an increased concentration of it in MS patients (55, 56). The difference in our study and the previous studies could be due to the variations in the studied populations.

In both groups, no significant difference in 25(OH)vitamin D levels was noted among healthy subjects and MS patients carrying various Gc phenotypes. However, we observed a protective role of Gc1F against MS risk in our cohort. Given that higher levels of 25(OH)vitamin D were associated with a lower risk of MS (57), our result aligned with those of Agnello et al. (44) who reported that patients who carried Gc1F showed higher plasma levels of Vitamin D. In this regard, it is worth to acknowledge that vitamin D is known to have some important immunomodulatory roles in the activation of T cells and their homeostasis (58), and the low VDBP in the cerebrospinal fluid during MS relapses might be mediated by vitamin D deficiency related activation of cellular immunity mediated by T cells. VDBP also regulates the availability of vitamin D and its response to antimicrobial monocytes (59). Hence, it is hypothesized that changes in VDBP levels are capable of favoring infections that are associated with relapses in MS patients (59).

Furthermore, the VDBP concentrations were significantly less in the serum of MS patients than controls with respect to the homozygous Gc phenotype Gc1S/Gc1S and heterozygous Gc phenotype Gc1S/Gc2/Gc1F/Gc3 (Table 6). However, as discussed above, these phenotypes are not associated with MS risk in Kuwaiti population. The concentrations of VDBP among MS patients and healthy subjects could not be due to phenotypes associated with MS pathogenesis (Gc1S/Gc3 + Gc3/Gc3 + Gc2/Gc3) and protection (Gc1F/Gc1F + Gc1S/Gc1F + Gc2/Gc1F) because the phenotypes Gc1S/Gc3 + Gc3/Gc3 + Gc2/Gc3 were absent in healthy subjects and only one MS patient had the phenotypes Gc1F/Gc1F + Gc1S/Gc1F + Gc2/Gc1F. We could not find any published study in the English literature to compare the levels of VDBP in relation to VDBP/Gc phenotypes in MS patients.

One important limitation of this study is that like any other case–control study the potential for recall bias cannot be ruled out. Though, an appropriate control group is recruited in this study, the expression of biochemical variables can be influenced by environmental and sociocultural practice like available solar intensity, dietary habit, shrouded dressing, and exposure to sunlight to name a few.

The results of this study have the potential to stimulate researchers from other parts of the world to look for such associations in their patients. Thus, our results, in addition to being relevant for Kuwait and the Gulf Region, may also have global implications.



Conclusion

In this study, we identified three common VDBP/GC subtypes (GC1S, GC1F, GC2) previously reported in the literature and the novel subtypes GC3 in both MS patients and healthy subjects. The GC3 was not previously reported in MS patients. The subtype GC1F was associated with protection and GC3 had association with pathogenesis in MS. However, when both GC1F and GC3 were present in the same individual, they appear to nullify their independent effect. Vitamin D levels were deficient in both patients and controls and there were no associations with the vitamin D level and different GCa alleles and phenotypes. On the other hand, VDBP concentrations were significantly low in MS patients than healthy subjects.

To the best of our knowledge, this is the first study showing the association of varying VDBP/GC genotypes and phenotypes in protection as well as pathogenesis of MS in Kuwaiti nationals. Moreover, our study has shown that there is generalized hypovitaminosis D in Kuwaiti population, which reinforces the idea that effective measures should be taken to overcome the problem in public. Furthermore, the association of VDBP/GC genotypes and phenotypes with MS in Kuwaiti patients opens the door for similar studies in the Gulf Region.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The study was approved by the Ethics Committees of the Health Sciences Centre, Kuwait University (approval number-VDR/EC/3073-June-6, 2017). The study was conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

SA-S: Conceptualization, Funding acquisition, Investigation, Project administration, Resources, Supervision, Visualization, Writing – review & editing. AC: Data curation, Formal analysis, Investigation, Project administration, Resources, Software, Validation, Writing – original draft, Writing – review & editing. AM: Conceptualization, Investigation, Methodology, Resources, Supervision, Visualization, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This study was supported by Kuwait University Research Sector Grants MM02/17 and SRUL02/13. The funders role are limited to funding of the research only.



Acknowledgments

The authors are grateful to Mr. Joseph Edison Gomes for helping in statistical analysis and to Mr. Numeer Kadungothayil and Mr. Mohd. Amir Shaikh for their contribution in the experimental work.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Correale, J, Ysrraelit, MC, and Gaitan, MI. Immunomodulatory effects of vitamin D in multiple sclerosis. Brain. (2009) 132:1146–60. doi: 10.1093/brain/awp033 

 2. Howard, J, Trevick, S, and Younger, DS. Epidemiology of multiple sclerosis. Neurol Clin. (2016) 34:919–39. doi: 10.1016/j.ncl.2016.06.016 

 3. Al-Din, ASN, Khogali, M, Poser, CM, Al-Nassar, KE, Shakir, R, Hussain, J , et al. Epidemiology of multiple sclerosis in Arabs in Kuwait: a comparative study between Kuwaitis and Palestinians. J Neurol Sci. (1990) 100:137–41. doi: 10.1016/0022-510X(90)90024-H 

 4. Alshubaili, AF, Alramzy, K, Ayyad, YM, and Gerish, Y. Epidemiology of multiple sclerosis in Kuwait: new trends in incidence and prevalence. Eur Neurol. (2005) 53:125–31. doi: 10.1159/000085556 

 5. Al-Shammri, S, Nelson, R, Al-Muzairi, I, and Akanji, A. HLA determinants of susceptibility to multiple sclerosis in an Arabian Gulf population. Mult Scler. (2004) 10:381–6. doi: 10.1191/1352458504ms1065oa 

 6. Leibowitz, U, Sharon, D, and Alter, M. Geographical considerations in multiple sclerosis. Brain. (1967) 90:871–86. doi: 10.1093/brain/90.4.871 

 7. Lucas, RM, Ponsonby, AL, Dear, K, Valery, PC, Pender, MP, Taylor, BV , et al. Sun exposure and vitamin D are independent risk factors for CNS demyelination. Neurology. (2011) 76:540–8. doi: 10.1212/WNL.0b013e31820af93d 

 8. Al-Shammri, SN. Sociocultural and demographic risk factors for the development of multiple sclerosis in Kuwait: a case—control study. PLoS One. (2015) 10:e0132106. doi: 10.1371/journal.pone.0132106 

 9. Kampman, MT, Wilsgaard, T, and Mellgren, SI. Outdoor activities and diet in childhood and adolescence relate to MS risk above the Arctic Circle. J Neurol. (2007) 254:471–7. doi: 10.1007/s00415-006-0395-5 

 10. Munger, KL, Levin, LI, Hollis, BW, Howard, NS, and Ascherio, A. Serum 25-hydroxyvitamin D levels and risk of multiple sclerosis. JAMA. (2006) 296:2832–8. doi: 10.1001/jama.296.23.2832 

 11. Olsson, T, Barcellos, LF, and Alfredsson, L. Interactions between genetic, lifestyle and environmental risk factors for multiple sclerosis. Nat Rev Neurol. (2017) 13:25–36. doi: 10.1038/nrneurol.2016.187 

 12. Gauzzi, MC. Vitamin D-binding protein and multiple sclerosis: evidence, controversies, and needs. Mult Scler. (2018) 24:1526–35. doi: 10.1177/1352458518792433 

 13. Orton, SM, Ramagopalan, SV, Para, AE, Lincoln, MR, Handunnetthi, L, Chao, MJ , et al. Vitamin D metabolic pathway genes and risk of multiple sclerosis in Canadians. J Neurol Sci. (2011) 305:116–20. doi: 10.1016/j.jns.2011.02.032 

 14. Smolders, J, Menheere, P, Kessels, A, Damoiseaux, J, and Hupperts, R. Association of vitamin D metabolite levels with relapse rate and disability in multiple sclerosis. Mult Scler. (2008) 14:1220–4. doi: 10.1177/1352458508094399 

 15. Simpson, S Jr, Taylor, B, Blizzard, L, Ponsonby, AL, Pittas, F, Tremlett, H , et al. Higher 25-hydroxyvitamin D is associated with lower relapse risk in multiple sclerosis. Ann Neurol. (2010) 68:193–203. doi: 10.1002/ana.22043 

 16. Chiuso-Minicucci, F, Ishikawa, LL, Mimura, LA, Fraga-Silva, TF, França, TG, Zorzella-Pezavento, SF , et al. Treatment with vitamin D/MOG association suppresses experimental autoimmune encephalomyelitis. PLoS One. (2015) 10:e0125836. doi: 10.1371/journal.pone.0125836

 17. Hammack, BN, Fung, KYC, Hunsucker, SW, Duncan, MW, Burgoon, MP, Owens, GP , et al. Proteomic analysis of multiple sclerosis cerebrospinal fluid. Mult Scler. (2004) 10:245–60. doi: 10.1191/1352458504ms1023oa 

 18. Lehmensiek, V, Süssmuth, SD, Tauscher, G, Brettschneider, J, Felk, S, Gillardon, F , et al. Cerebrospinal fluid proteome profile in multiple sclerosis. Mult Scler. (2007) 13:840–9. doi: 10.1177/1352458507076406 

 19. Chun, RF. New perspectives on the vitamin D binding protein. Cell Biochem Funct. (2012) 30:445–56. doi: 10.1002/cbf.2835 

 20. Kamboh, MI, and Ferrell, RE. Ethnic variation in vitamin D-binding protein (GC): a review of isoelectric focusing studies in human populations. Hum Genet. (1986) 72:281–93. doi: 10.1007/BF00290950 

 21. Al-Shammri, SN, Mustafa, AS, and Bhattacharya, A. Distribution of vitamin D-binding protein/group-specific component gene subtypes in Kuwaiti population. Mol Genet Genomic Med. (2022) 10:e1930. doi: 10.1002/mgg3.1930 

 22. Malik, S, Fu, L, Juras, DJ, Karmali, M, Wong, BYL, Gozdzik, A , et al. Common variants of the vitamin D binding protein gene and adverse health outcomes. Crit Rev Clin Lab Sci. (2013) 50:1–22. doi: 10.3109/10408363.2012.750262 

 23. Qin, Z, Qin, Y, and Liu, S. Alteration of DBP levels in CSF of patients with MS by proteomics analysis. Cell Mol Neurobiol. (2009) 29:203–10. doi: 10.1007/s10571-008-9312-z 

 24. Niino, M, Kikuchi, S, Fukazawa, T, Yabe, I, and Tashiro, K. No association of vitamin D-binding protein gene polymorphisms in Japanese patients with MS. J Neuroimmunol. (2002) 127:177–9. doi: 10.1016/s0165-5728(02)00099-1 

 25. Agliardi, C, Guerini, FR, Zanzottera, M, Bolognesi, E, Costa, AS, and Clerici, M. Vitamin D-binding protein gene polymorphisms are not associated with MS risk in an Italian cohort. J Neuroimmunol. (2017) 305:92–5. doi: 10.1016/j.jneuroim.2017.02.009 

 26. Al-Shammri, S, Chattopadhyay, A, Hanah, M, Doi, S, and Akanji, A. Association of blood levels of vitamin D and its binding protein with clinical phenotypes of multiple sclerosis. Biomedicines. (2023) 11:1808. doi: 10.3390/biomedicines11071808 

 27. Maghbooli, Z, Omidifar, A, Varzandi, T, Salehnezhad, T, and Sahraian, MA. Reduction in circulating vitamin D binding protein in patients with multiple sclerosis. BMC Neurol. (2021) 21:168. doi: 10.1186/s12883-021-02200-0 

 28. Dean, AG, Sullivan, KM, and Soe, MM. (2023). Open-source epidemiologic statistics for public health. Version 3.01. Available at: https://www.openepi.com/SampleSize/SSCC.htm. (Accessed June 15, 2023)

 29. Wacholder, S, Silverman, DT, McLaughlin, JK, and Mandel, JS. Selection of controls in case-control studies III. Design options. Am J Epidemiol. (1992) 135:1042–50. doi: 10.1093/oxfordjournals.aje.a116398

 30. Polman, CH, Reingold, SC, Banwell, B, Clanet, M, Cohen, JA, Filippi, M , et al. Diagnostic criteria for multiple sclerosis: 2010 revisions to the McDonald criteria. Ann Neurol. (2011) 69:292–302. doi: 10.1002/ana.22366 

 31. Kurtzke, JF. Rating neurologic impairment in multiple sclerosis an expanded disability status scale (EDSS). Neurology. (1983) 33:1444–52. doi: 10.1212/WNL.33.11.1444

 32. Holick, MF, Binkley, NC, Bischoff-Ferrari, HA, Gordon, CM, Hanley, DA, Heaney, RP , et al. Evaluation, treatment, and prevention of vitamin D deficiency: an Endocrine Society clinical practice guideline. J Clin Endocrinol Metab. (2011) 96:1911–30. doi: 10.1210/jc.2011-0385 

 33. Braegger, C, Campoy, C, Colomb, V, Decsi, T, Domellof, M, Fewtrell, M , et al. Vitamin D in the healthy European paediatric population. J Pediatr Gastroenterol Nutr. (2013) 56:692–701. doi: 10.1097/MPG.0b013e31828f3c05 

 34. Liu, Y, Jin, Q, Bao, Y, Li, S, Wang, J, and Qiu, L. Investigation of the vitamin D nutritional status in women with gestational diabetes mellitus in Beijing. Lipids Health Dis. (2017) 16:22. doi: 10.1186/s12944-017-0412-y 

 35. Poiana, C, Capatina, C, Cercel, AS, Sandulescu, O, and Streinu Cercel, A. Hypovitaminosis D in HIV-infected patients. Acta Endocrinol. (2019) -5:102–6. doi: 10.4183/aeb.2019.102 

 36. Shaban, K, Amoudy, HA, and Mustafa, AS. Cellular immune responses to recombinant Mycobacterium bovis BCG constructs expressing major antigens of region of difference 1 of Mycobacterium tuberculosis. Clin Vaccine Immunol. (2013) 20:1230–7. doi: 10.1128/CVI.00090-12 

 37. Speeckaert, M, Huang, G, Delanghe, JR, and Taes, YEC. Biological and clinical aspects of the vitamin D binding protein (Gc-globulin) and its polymorphism. Clin Chim Acta. (2006) 372:33–42. doi: 10.1016/j.cca.2006.03.011 

 38. Bikle, DD, and Schwartz, J. Vitamin D binding protein, total and free vitamin D levels in different physiological and pathophysiological conditions. Front Endocrinol. (2019) 10:317. doi: 10.3389/fendo.2019.00317

 39. Khanna, R, Nandy, D, and Senapati, S. Systematic review and meta-analysis to establish the association of common genetic variations in vitamin D binding protein with chronic obstructive pulmonary disease. Front Genet. (2019) 10:413. doi: 10.3389/fgene.2019.00413 

 40. Nevo, S, and Cleve, H. Gc subtypes in the Middle East: report on an Arab Moslem population from Israel. Am J Phys Anthropol. (1983) 60:49–52. doi: 10.1002/ajpa.1330600108 

 41. Degheishem, SM, and Duhaiman, AS. Distribution of group-specific component/vitamin-D-binding protein subtypes in Saudi Arabia. Hum Hered. (1991) 41:53–6. doi: 10.1159/000153974 

 42. Lafi, ZM, Irshaid, YM, el-Khateeb, M, Ajlouni, KM, and Hyassat, D. Association of rs7041 and rs4588 polymorphisms of the vitamin D binding protein and the rs10741657 polymorphism of CYP2R1 with vitamin D status among Jordanian patients. Genet Test Mol Biomarkers. (2015) 19:629–36. doi: 10.1089/gtmb.2015.0058 

 43. Medlej-Hashim, M, Jounblat, R, Hamade, A, Ibrahim, JN, Rizk, F, Azzi, G , et al. Hypovitaminosis D in a young Lebanese population: effect of GC gene polymorphisms on vitamin D and vitamin D binding protein levels. Ann Hum Genet. (2015) 79:394–401. doi: 10.1111/ahg.12133

 44. Agnello, L, Scazzone, C, Lo Sasso, B, Bellia, C, Bivona, G, Realmuto, S , et al. VDBP, CYP27B1, and 25-hydroxyvitamin D gene polymorphism analyses in a group of sicilian multiple sclerosis patients. Biochem Genet. (2017) 55:183–92. doi: 10.1007/s10528-016-9783-4 

 45. Chen, H, Zhang, L, He, Z, Zhong, X, Zhang, J, Li, M , et al. Vitamin D binding protein gene polymorphisms and chronic obstructive pulmonary disease: a meta-analysis. J Thorac Dis. (2015) 7:1423–40. doi: 10.3978/j.issn.2072-1439.2015.08.16 

 46. Jorde, R, Schirmer, H, Wilsgaard, T, Bøgeberg Mathiesen, E, Njølstad, I, Løchen, ML , et al. The DBP phenotype Gc-1f/Gc-1f is associated with reduced risk of cancer. The Tromsø study. PLoS One. (2015) 10:e0126359. doi: 10.1371/journal.pone.0126359 

 47. The PLoS One Staff. Correction: the association of vitamin D receptor polymorphisms with multiple sclerosis in a case-control study from Kuwait. PLoS One. (2015) 10:e0144565. doi: 10.1371/journal.pone.0144565 

 48. Smolders, J, Peelen, E, Thewissen, M, Menheere, P, Damoiseaux, J, and Hupperts, R. Circulating vitamin D binding protein levels are not associated with relapses or with vitamin D status in multiple sclerosis. Mult Scler. (2014) 20:433–7. doi: 10.1177/1352458513500552 

 49. James, E, Dobson, R, Kuhle, J, Baker, D, Giovannoni, G, and Ramagopalan, SV. The effect of vitamin D-related interventions on multiple sclerosis relapses: a meta-analysis. Mult Scler. (2013) 19:1571–9. doi: 10.1177/1352458513489756 

 50. Doneray, H, Yesilcibik, RS, Laloglu, E, Ingec, M, and Orbak, Z. Serum vitamin D and vitamin D-binding protein levels in mother-neonate pairs during the lactation period. Ital J Pediatr. (2018) 44:15. doi: 10.1186/s13052-018-0448-2 

 51. Shoemaker, TJ, and Mowry, EM. A review of vitamin D supplementation as disease-modifying therapy. Mult Scler. (2018) 24:6–11. doi: 10.1177/1352458517738131 

 52. Gezmis, H, Mayda Domac, F, Ormeci, B, Uyanik, H, Doran, T, Keles, EC , et al. ε2, ε3, and ε4 variants of ApoE; rs2228570 (VDR), rs4588 and rs7041 (VDBP) polymorphisms in patients with multiple sclerosis: a case-control study in Turkish population. Int J Clin Pract. (2021) 75:e14801. doi: 10.1111/ijcp.14801 

 53. Berezowska, M, Coe, S, and Dawes, H. Effectiveness of vitamin D supplementation in the management of multiple sclerosis: a systematic review. Int J Mol Sci. (2019) 20:1301. doi: 10.3390/ijms20061301 

 54. Kułakowska, A, Ciccarelli, NJ, Wen, Q, Mroczko, B, Drozdowski, W, Szmitkowski, M , et al. Hypogelsolinemia, a disorder of the extracellular actin scavenger system, in patients with multiple sclerosis. BMC Neurol. (2010) 10:107. doi: 10.1186/1471-2377-10-107 

 55. Rithidech, KN, Honikel, L, Milazzo, M, Madigan, D, Troxell, R, and Krupp, LB. Protein expression profiles in pediatric multiple sclerosis: potential biomarkers. Mult Scler. (2009) 15:455–64. doi: 10.1177/1352458508100047 

 56. Rinaldi, AO, Sanseverino, I, Purificato, C, Cortese, A, Mechelli, R, Francisci, S , et al. Increased circulating levels of vitamin D binding protein in MS patients. Toxins. (2015) 7:129–37. doi: 10.3390/toxins7010129 

 57. Biström, M, Alonso-Magdalena, L, Andersen, O, Jons, D, Gunnarsson, M, Vrethem, M , et al. High serum concentration of vitamin D may protect against multiple sclerosis. Mult Scler J Exp Transl Clin. (2019) 5:2055217319892291. doi: 10.1177/2055217319892291 

 58. Yamamoto, N, and Kumashiro, R. Conversion of vitamin D3 binding protein (group-specific component) to a macrophage activating factor by the stepwise action of beta-galactosidase of B cells and sialidase of T cells. J Immunol. (1993) 151:2794–802. doi: 10.4049/jimmunol.151.5.2794

 59. Chun, RF, Lauridsen, AL, Suon, L, Zella, LA, Pike, JW, Modlin, RL , et al. Vitamin D-binding protein directs monocyte responses to 25-hydroxy- and 1,25-dihydroxyvitamin D. J Clin Endocrinol Metab. (2010) 95:3368–76. doi: 10.1210/jc.2010-0195 



Glossary

VDBP - Vitamin D binding protein

Gc - Group-specific component

GCa - VDBP/GC alleles

GC1F - Group-specific component fast genotype

GC1S - Group-specific component slow genotype

GC2 - Group-specific component genotype 2

GC3 - Group-specific component genotype 3

Gc1F - Group-specific component fast phenotype

Gc1S - Group-specific component slow phenotype

Gc2 - Group-specific component phenotype 2

Gc3 - Group-specific component phenotype 3

MS - Multiple sclerosis

25(OH)vitamin D - 25 hydroxyvitamin D

HLA - Human leukocyte antigen

APo E - Apolipoprotein E

25(OH) D3 - 25 hydroxyvitamin D3

SNPs - Single nucleotide polymorphisms

BMI - Body mass index

EIA - Enzyme immunoassay

NCBI - National Centre for Biotechnology Information

F primer - Forward primer

R primer - Reverse primer

SPSS - Statistical Package for Social Sciences

Mean ± SD - Mean ± standard deviation

≤ - Less than equal to

N - Number of subjects

> - Greater than

N (%) - Number of subjects (percentage)
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GelS/Gels 27.6(175- 0112 351(167-596) 0323 0320 | 2867(2142-  <0.001 1839 (1060~ 0.089 0.000
38.8) 3710) 245.8)

GelS/Ge3 + Ged/ - 28.2(16.0-44.5) 0124 - 1468 (1148~ -

Ge3 + Ge2/Ge3 2125)

GelS/GIGIF/ | 33.7(22.0- 247 (19.8-39.0) 0097 | 2447 (1749 205.3(136.9- 0048

Ga3 58.0) 285.3) 258.7)

GelF/ 26.2(166- 92.8(92.8-92.8) 0089 | 1821(137.1- 203.7 (203.7- 0652

GelF + GelS/ 44.0) 236.4) 203.7)

GelF + G2/

GelF

Ge2/Ge2 26(118- 48.2(203-56.2) 0405 | 2510 (2468 2114 (146.6- 0.480
27.7) 255.2) 276.7)

Median®, median (25th-75th percentile; <, less than. p* = Significance among different genotypes in control subjects. p* = Significance among different genotypes in patients.
between control and patients. p* and p" values were generated using the Kruskal-Wallis test and p* were generated using the Mann-Whitney test.

Significance
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