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Background. Multiple sclerosis (MS) is a chronic autoimmune inflammatory disease. Low vitamin D levels have been reported to be
a risk factor for MS, and genetic variances could be implicated. The aim of this study was to evaluate the association of MS with
rs10766197 polymorphism of CYP2RI gene and rs10877012 polymorphism of CYP27BI gene. The second aim was to analyse
whether these polymorphisms are associated with the severity of the progression of MS. Material and Methods. In a case-control
study, we included 116 MS patients and 226 controls, all of whom were Mexican Mestizo. MS was diagnosed by McDonald
criteria (2017). A complete neurological evaluation was performed to evaluate the severity of disease progression. Serum 25-
hydroxyvitamin D [25(OH) vitamin D] levels were measured by ELISA. Single nucleotide polymorphisms rs10766197 of
CYP2RI gene and rs10877012 SNP of CYP27BI gene were genotyped by real-time PCR. Results. Serum 25(OH) vitamin D levels
were lower in MS patients than in controls (p = 0.009). No differences were observed between serum 25(OH) vitamin D levels of
MS patients with severe progression compared to low progression (p =0.88). A higher frequency of the A allele of CYP2RI
rs10766197 was observed between MS patients and controls (p = 0.05). No differences were observed in the frequency of T allele
of CYP27B1 rs10877012 (p =0.65). In subanalysis, patients with GA + AA genotypes of CYP2RI rs10766197 had an increased
risk of MS compared to controls (p=0.03). No increased risk was observed in GT + TT genotypes of CYP27BI rs10877012


https://orcid.org/0000-0003-2206-6054
https://orcid.org/0000-0002-0007-1824
https://orcid.org/0000-0002-5613-6682
https://orcid.org/0000-0003-3562-7033
https://orcid.org/0000-0002-8261-7893
https://orcid.org/0000-0002-8443-3481
https://orcid.org/0000-0002-2401-3741
https://orcid.org/0000-0001-6871-9052
https://orcid.org/0000-0002-6831-8950
https://orcid.org/0000-0003-0001-3787
https://orcid.org/0000-0002-6517-6344
https://orcid.org/0000-0001-7643-6298
https://orcid.org/0000-0003-4546-2850
https://orcid.org/0000-0003-2272-9612
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/7523997

Journal of Immunology Research

(p =0.63). No differences were observed in allele frequencies of either polymorphism between patients with severe vs. low disease
progression. Conclusion. Lower serum 25(OH) vitamin D levels were observed in MS patients than in controls, although these levels
were not associated with disease progression. Carriers of GA + AA genotypes of CYP2RI rs10766197 had an increased risk of MS.
None of these polymorphisms was associated with severe progression of MS.

1. Introduction

Multiple sclerosis (MS) is a chronic inflammatory demyelin-
ating disease of the central nervous system (CNS) [1]. Typi-
cally, MS affects the brain, spinal cord, and optic nerves,
with inflammatory lesions derived from probable autoim-
mune mechanisms; these lesions are followed by axonal
and grey-matter neurodegenerative processes associated
with progressive worsening of disability. Most patients expe-
rience their first symptoms between the ages of 20 and 40
years. MS is considered the leading cause of disability in
young people, excluding injuries caused by traffic accidents
[2]. In Mexico, the prevalence of MS is 12 to 15 per
100,000 inhabitants [3].

There are four categories of MS: clinically isolated
syndrome (CIS), relapsing-remitting (RRMS), secondary
progressive (SPMS), and primary progressive (PPMS), with
RRMS accounting for 85% of patients [4]. The World Health
Organization (WHO) estimates that more than two million
people worldwide suffer from MS [5].

Clinical symptoms of MS may include motor dysfunc-
tion, tremor, dysmetria, cerebellar ataxia, nystagmus, diplo-
pia, hypoesthesia, blindness (usually unilateral), and
sphincter disturbances such as retention or incontinence;
approximately 45 to 60% of patients will develop cognitive
decline and neuropsychiatric symptoms [6]. Motor disorders
are the most common symptoms in the course of the disease
which lead to motor disability [7].

MS is currently considered a very heterogeneous disor-
der in which both genetic susceptibility and environmental
exposures are strongly implicated in T cell activation and
pathogenesis [8]. Epstein-Barr virus, cytomegalovirus, and
mononucleosis infections; smoking; adolescent obesity;
night work; low sun exposure; and 25-hydroxyvitamin D
(25(OH) vitamin D) < 30 ng/mL are recognized as risk fac-
tors for MS [9]. Vitamin D has been proposed as a serum
biomarker in several clinical conditions, including neuro-
degenerative disorders; additionally, several inflammatory
and cardiovascular markers reflect the immunomodulatory
function of vitamin D [10]. It has been hypothesized that
lower 25(OH) vitamin D levels are associated with the risk
of MS [9, 11]. Possible explanations for the association
between MS risk and altered vitamin D status alterations
include the role of vitamin D in CD4+ T cell balance
and remyelination processes, B lymphocyte class switching,
immunoglobulin production, and proinflammatory inter-
leukin secretion [12, 13] as well as the presence of vitamin
D-responsive elements (VDREs) in the promoter regions
of various MS-associated genes [14].

The metabolism of vitamin D, or cholecalciferol, is car-
ried out by enzymes of the cytochrome p450 family, which
catalyse a series of hydroxylation reactions to produce differ-

ent active compounds [15]. CYP2RI is responsible for the
primary hepatic metabolism of vitamin D to 25(OH) vita-
min D, which is subsequently converted to 1,25-dihydroxy-
vitamin D, the primary bioactive vitamin D metabolite, by
CYP27Blin the kidney [15-17]. By binding to the vitamin
D receptor, a member of the nuclear receptor superfamily,
this metabolite mediates functions in multiple classes of
cells, including immune cells [18].

Therefore, it is of great importance to study genetic
factors that may modify 25(OH) vitamin D levels and have
consequential impacts on the disease. The CYP2RI gene,
found on chromosome 11p15.2, encodes the enzyme 25-
hydroxylase, which is involved in the first step of vitamin
D hydroxylation activation. The rs10766197 polymorphism
of the CYP2RI gene has been shown to be an important
factor with a major impact on vitamin D levels [19, 20].
The CYP27BI gene is located on chromosome 12q13.1-
ql13.3 and encodes the enzyme 1-alpha-hydroxylase. The
rs10877012 polymorphism has been associated with reduced
vitamin D levels; thus, together with the rs10766197 polymor-
phism, it is a promising object of research due to its potential
influence in patients with MS (Ramos 2008) [20].

Prior research has found an association the rs10766197
SNP of the CYP2RI gene and the risk of MS as well as the
progression of the disease [19]; but there has been no prior
research on the rs10877012 SNP of the CYP27BI gene in
patients with MS.

Therefore, the first aim of this study was to evaluate the
association of MS with the rs10766197 polymorphism of the
CYP2RI gene and the rs10877012 polymorphism of the
CYP27B1 gene. The second aim was to analyse whether
these polymorphisms are associated with the severity of
MS progression.

2. Materials and Methods

2.1. Study Design. The design of this study is a Case-Control
Study, in which the cases were patients with RRMS and the
controls were healthy patients without MS, residents of the
Guadalajara metropolitan area.

2.2. Clinical Setting. This study included 116 RRMS patients
and 226 controls. The MS cases were patients treated at the
Mexican Association for Multiple Sclerosis A.C. in Guadala-
jara, Mexico, from January 24, 2019, to August 31, 2021.

2.3. Study Subjects. All individuals were aged > 18 years and
were Mexican-Mestizo as defined by the Mexican National
Institute of Anthropology and History: “individuals who
were born in Mexico, of the original autochthonous inhab-
itants of the region and individuals who were mainly
Spaniards” [21].
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Controls were selected randomly from the population
available at the Clinical and Experimental Therapeutic Insti-
tute, consisting of 185 women and 41 men. Controls were
included if they had no history of inflammatory or autoim-
mune disorders, and only one person per family was
recruited. Controls were included to compare serum
25(0OH) vitamin D levels and the genotypes of the
polymorphisms.

2.4. Clinical Assessments. Patients with RRMS were included
and assessed by an experienced neurologist and based on a
previous history of disease and physical examination. Com-
plete neurological examination assured that the patients ful-
filled the 2017 McDonald clinical criteria. We excluded
patients with kidney disease, liver disease, other uncontrolled
autoimmune or psychiatric diseases, and current pregnancy.
Functional systems assessment was used to establish the
disability score according to Kurtzke’s Extended Disability
Status Scale (EDSS) [22]. To ensure a correct diagnosis, we
performed 1.5-tesla MRI with conventional T1, gadolinium-
enhanced T1, T2, and fluid-attenuated inversion recovery
(FLAIR) sequences and confirmed the presence of typical
round hyperintense lesions in T2 and FLAIR sequences and
hypointensity in T1 with or without enhancement distributed
in a different location; the time of evolution differed for each
patient [23]. Oligoclonal bands were not considered manda-
tory to support or exclude an MS diagnosis [24]. Disability
was measured using EDSS scores [22]. Disease progression
was assessed using the progression index (PI). This index
was calculated by dividing the degree of disability, as measured
using the EDSS, by the duration of the disease; the typical PI
value is 0.4-0.6 [25]. We used the upper end of this range as
a cut-off point to dichotomize MS patients into two groups:
PI> 0.6 (severe progression) and PI < 0.6 (low progression).
Two experienced and trained researchers recorded the
clinical and epidemiological characteristics of the participants,
which included age, sex, treatment, duration of MS, and PI.

2.5. Genotyping CYP2R1 1s10766197 and CYP27BI
rs10877012 Polymorphisms. Peripheral whole blood samples,
harvested in Vacutainer tubes containing ethylenediamine-
tetraacetic acid as an anticoagulant, were collected from each
patient. Genomic DNA was obtained from these blood sam-
ples using the modified Miller technique [26]. Genomic
DNA was quantified using a Nanodrop Genomic, and the
DNA was diluted in Tris-EDTA buffer to 20ng/uL and
placed in 200uL propylene cryotubes (Eppendorf™).
Genotyping of CYP2RI 1510766197 and CYP27BI
rs10877012 polymorphisms was performed by quantitative
polymerase chain reaction (qQPCR) using TagMan probes
[27]. TagMan Assay IDs C_2958435_10 and C_26237740_
10 were performed according to the manufacturer’s instruc-
tions (Applied Biosystems); the StepOne™, Real-Time poly-
merase chain reaction (qQPCR) system was employed for this
purpose (Applied Biosystems). All results were indepen-
dently scored by two investigators blinded to patient infor-
mation. In case of ambiguous results, the sample was
analysed a second time.

2.6. Quantification of Serum 25(OH) Vitamin D Levels. A
peripheral venous blood sample was taken from each patient
at the time of inclusion. Serum levels of 25(OH) vitamin D
were quantified by ELISA using commercial kits (My Bio-
Source; MBS580159, San Diego, CA, USA). All procedures
were performed according to the manufacturer’s recommen-
dations. All measurements were performed by the same
researchers, who were blinded to the clinical characteristics
of the patients to avoid measurement biases.

2.7. Statistical Analysis. Qualitative variables were expressed
as frequencies and percentages. Quantitative variables are
expressed as the median, minimum (min), and maximum
(max).

We identified genotypic frequencies by direct counting.
Allelic frequencies were determined by direct counting of
the observed genotypic frequencies. The chi-square test (or
Fisher’s exact test if required) was used for the comparison
of proportions. For variables that did not satisfy the assump-
tions of parametric tests, Mann-Whitney U nonparametric
tests were performed.

Odds ratio (OR) and the 95% confidence interval (95% CI)
were calculated for genetic characteristics. The Kruskal-Wallis
test was performed to compare serum 25(OH) vitamin D
levels between genotypes. We also performed post hoc tests
with the Bonferroni correction for multiple comparisons.

Hardy-Weinberg equilibrium (HWE) for CYP2RI1
rs10766197 and CYP27B1 rs10877012 polymorphisms was
evaluated in the groups and was determined by comparing
the observed and expected data using the chi-squared test.

We performed a multivariable logistic regression analy-
sis to identify variables associated with the MS. This model
was adjusted by confunders (age and gender) and genotypes
for genes. For the CYP2RI gene rs10766197 GG was stated as
referent and GA + AA was considered as risk. For the
CYP27BI gene rs10877012 GG was used as referent and
GT + TT was selected as risk. The variables included in the
model were selected using a stepwise method.

A p value was considered significant at the p < 0.05 level.
Data were analysed with R 4.1.0 base [28] and with the epiR
[29] and ggplot2 packages [30].

2.8. Ethics and Consent. This study was approved by the
Ethics Committee and Biosafety Committee from Centro
Universitario de Ciencias de la Salud (CUCS) Universidad
de Guadalajara, Jalisco, Mexico, with registration number
CI-03519. This study was conducted according to the princi-
ples expressed in the Declaration of Helsinki. All study par-
ticipants voluntarily provided written informed consent.

3. Results

We assessed 116 patients with MS and 226 individuals in the
control group. The genotype distributions of the SNPs
rs10766197 and rs10877012 in the control group were
consistent with HWE (rs10766197 p > 0.05 and rs10877012
p > 0.05) (data not shown in tables).

The baseline characteristics of the MS patients are shown
in Table 1. Of all MS patients included, 65.5% were females.



TaBLE 1: Sociodemographic and clinical descriptive characteristics
in multiple sclerosis patients.

Multiple sclerosis

Variable n=116
Female, n (%) 76 (65.5)
Age, (years) 38 (19-66)
Disease characteristics
Disease evolution, (years) 7.5 (1.0-28.0)
EDSS, (score) 3.0 (0.0-7.0)
Progression index, (score) 0.38 (0.0-4.5)
Severe progression (IP > 0.6), n (%) 39 (33.6)
Low progression (IP <0.6), n (%) 77 (66.4)
Serum 25(OH) vitamin D levels, (ng/mL) 18.3 (3.8-50.9)
Sufficient (>30 ng/mL), n (%) 14 (12.0)
Insufficient (20-30 ng/mL), n (%) 17 (14.7)
Deficient (<20 ng/mL), n (%) 85 (73.3)
Treatment
Glatiramer acetate, n (%) 39 (33.6)
Interferon, n (%) 27 (23.3)
Rituximab, 7 (%) 12 (10.3)
Fingolimod, #n (%) 11 (9.5)
Dimethyl fumarate, n (%) 7 (6.0)
Azathioprine, n (%) 5 (4.3)
Natalizumab, n (%) 4 (3.5)
No treatment, n (%) 11 (9.5)

EDSS: Expanded Disability Status Scale of Kurtzke for Multiple Sclerosis; IP:
index progression (EDSS/disease evolution). Qualitative variables were
expressed as frequency and percentage. Quantitative variables were
expressed as median and min-max.

We observed a median age of 38 (19-66) years and a median
of 7.5 (1-28) years of disease evolution. Overall, 33.6% of the
patients with MS presented severe disease progression
(PI>0.6), while 66.4% presented low progression of the dis-
ease (IP < 0.6). Deficiency of serum 25(OH) vitamin D levels
in 73.3% of MS patients was observed. The most prescribed
treatment in MS was glatiramer acetate (33.6%), followed by
interferons (23.3%) and rituximab (10.3%).

Table 2 presents the comparison of sociodemographic,
serological, and genetic characteristics between MS patients
and the control group. For rs10766197 of the CYP2RI gene,
we observed a higher frequency of the heterozygous geno-
type GA (50.0%) in MS patients, while in the control group,
we observed an increased frequency of the wild-type homo-
zygous genotype GG (49.6%); however, these differences
were not statistically significant (p = 0.08). The A allele was
observed at a higher frequency in MS patients than in the
control group (37.9% vs. 30.5%, p =0.05). For rs10877012
of the CYP2BI gene, we observed a similar frequency of
genotypes in both groups. We did not identify a significant
difference between MS patients and the control group
(p=0.90). Additionally, in a subgroup of 106 individuals
in the control group, we compared the 25(OH) vitamin D
levels. Higher levels of 25(OH) vitamin D were observed in
the control group than in the MS group (p=0.009)
(Figure 1). We identified a higher percentage of individuals
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who had sufficient 25(OH) vitamin D levels in the control
group (43.4%, p=0.003) and a higher percentage of individ-
uals deficient in vitamin D in MS patients (73.3%, p < 0.001).

Table 3 shows the comparison of clinical characteristics
between severe progression versus low progression in MS
patients. We observed the same proportion of females in the
severe progression and low progression groups (64.1% vs.
65.1%, respectively). We observed a shorter disease duration
in the severe progression group than in the low progression
group (3 years vs. 12 years, p < 0.001). In quantitative serum
25(OH) vitamin D levels, we did not observe a significant dif-
ference between the severe and low progression groups. In a
stratified comparison of serum 25 (OH) vitamin D levels, we
observed a higher percentage of individuals with deficient
levels (<20 ng/mL) and found a significant difference between
groups (p = 0.037). No differences were observed in genotypes
and allele frequencies of either polymorphism between
patients with severe vs. low disease progression.

Table 4 compares the genotypic and allelic frequencies of
polymorphisms rs10766197 and rs10877012 between MS
patients and the control group. In a comparison of the GG,
GA, and AA genotypes of the rs10766197 polymorphism of
CYP2RI between MS patients and the control group, a trend
to almost significant differences were observed (p = 0.08). In a
comparison of the GG, GT, and TT genotypes of the
rs10877012 polymorphism of CYP2BI between MS patients
and the control group, no differences were observed. OR and
their 95% CI were calculated for the comparison between dom-
inant and recessive genetic models. We observed a high risk of
MS in the dominant model of rs10766197 of the CYP2RI gene
(OR =1.67; 95%CI = 1.05 — 2.64; p = 0.02). No differences in
the risk of other genetic models or in rs10877012 of the CYP2BI
gene polymorphism were observed.

Distribution analysis of serum 25(OH) vitamin D levels
according to the genotypes of polymorphisms stratified
between MS patients and the control group revealed that
patients who carried the genotype GG for rs10766197 pre-
sented higher levels, with a median of 17.44 ng/mL (ranges
of 8.45-45.32 ng/mL).

In data not shown, we performed a multivariable logistic
regression analysis. After adjusting by confounders variables,
we found that age (OR =0.95, CI 95% 0.92-0.98; p =0.001)
and gender ratio (OR=2.18, CI 95% 1.16-4.2; p=0.017)
were associated with an increase of risk for MS. The GA +
AA genotypes of CYP2RI rs10766197 polymorphism were
associated with an increase of MS (OR=1.87, CI 95%
1.07-3.29; p=0.02). However, the CYP27BI rs10877012
polymorphism was not associated with the disease.

In the comparison of serum 25(0OH) vitamin D levels
between GG, GA, and AA genotypes, we observed signifi-
cant differences (p =0.046), and in the post hoc analysis, a
notably significant difference was observed between the GA
and AA genotypes (p =0.029). In the comparison of serum
25(OH) vitamin D levels between genotypes of rs10877012
of the CYP2BI gene, we did not observe a significant differ-
ence (p=0.94) (Figure 2) (data not shown in tables).

In the comparison of genotypic and allelic frequencies of
polymorphisms rs10766197 of the CYP2RI gene and
rs10877012 of the CYP27BI gene between severe
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TaBLE 2: Comparison of sociodemographic, serological, and genetic characteristics of multiple sclerosis patients versus control group.
. Multiple sclerosis Control grou
Variable 5: 116 " 2§6 P p
Female, 1 (%) 76 (65.5) 185 (81.9) 0.001
Age (years) 38 (19-66) 46.0 (21-66) <0.001
Serum levels
25(OH) vitamin D levels (ng/mL), n (%) 16.2 (3.8-50.9) 26.8(4.3-53.2) * 0.009
Sufficient (>30 ng/mL), n (%) 14 (12.0) 46 (43.4) *
Insufficient (20-30 ng/mL), n (%) 17 (14.7) 14 (13.2) 0.009
Deficient (<20ng/mL), n (%) 85 (73.3) 46 (43.4) *
Genetic characteristics
1s10766197, CYP2R1 gene
Genotypes
GG, n (%) 43 (37.1) 112 (49.6)
GA, n (%) 58 (50.0) 90 (39.8) 0.08
AA, n (%) 15 (12.9) 24 (10.6)
Allele 2n = 684 2n =232 2n =452
A, 1 (%) 88 (37.9) 138 (30.5) 0.05
G, n (%) 144 (62.1) 314 (69.5) 0.05
rs10877012, CYP2B1 gene
Genotypes
GG, n (%) 55 (47.4) 101 (44.7)
GT, 1 (%) 48 (41.4) 98 (43.4) 0.90
TT, n (%) 13 (11.2) 27 (11.9)
Allele 2n = 684 2n =232 2n =452
G, n (%) 158 (68.1) 300 (66.4) 0.65
T, n (%) 74 (31.9) 152 (33.6) 0.65

For rs10766197 of CYP2RI gene: GG: wild homozygous; GA: heterozygous; AA: polymorphic homozygous. For rs10877012 of CYP2BI gene: GG: wild
homozygous; GT: heterozygous; TT: polymorphic homozygous. Qualitative variables were expressed as frequency and percentage. Quantitative variables
were expressed as median and min-max. Comparisons between medians were performed using Mann-Whitney U test. Comparison between proportions
was performed using Chi-square test (or Fisher exact test if applicable). p values were obtained comparing multiple sclerosis versus control group. *Serum

levels of 25(OH) vitamin D were determined in 107 healthy controls.

=0.009
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FiGure 1: Levels of 25(OH) vitamin D in serum between MS
patients and the control group (p=0.009). The comparison was
performed by Mann-Whitney U test.

progression vs. low progression in MS patients, we observed
a similar frequency of the AA genotype for rs10766197 of
the CYP2RI gene (15.4% in severe progression vs. 11.6% in
low progression). Furthermore, for rs10877012 of CYP2BI
gene, we observed a higher frequency in of the heterozygous
GT genotype in the severe group (48.4%) than low progres-
sion group, in which we observed the wild homozygous GG
with high frequency (51.9%). No significant differences were
observed in the comparison of genotypes between the severe
and low MS progression groups (data not shown in tables).

4. Discussion

In this study, we observed that the rs10766197 polymor-
phism of the CYP2RI gene confers a risk of MS. However,
the rs10877012 polymorphism of the CYP27BI gene was
not associated with the risk of MS. We report the first allelic
and genotypic frequencies in a Latin American country for
the rs10766197 polymorphism of the CYP2RI gene and the
rs10877012 polymorphism of the CYP27B1 gene.
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TaBLE 3: Comparison of clinical and genetic characteristics between severe progression and low progression in multiple sclerosis patients.

Severe progression

Low progression

Variable (IP > 0.6) (IP<0.6) p
n=39 n="77
Female, 1 (%) 25 (64.1) 51 (66.2) 0.98
Age, (years) 36 (19-59) 40 (19-66) 0.13
Disease characteristics
Disease evolution, (years) 3 (1-9) 12 (2-28) <0.001
EDSS, (score) 4.0 (1-7) 2.5 (0-7) 0.008
Serum 25(OH) vitamin D levels, (ng/mL) 15.7 (3.8-50.9) 16.4 (5.4-45.3) 0.88
Sufficient (>30 ng/mL), n (%) 4 (10.3) 13 (16.9)
Insufficient (20-30 ng/mL), n (%) 12 (30.7) 9 (11.7) 0.037
Deficient (<20 ng/mL), n (%) 23 (59.0) 55 (71.4)
Treatment
Glatiramer acetate, n (%) 9 (23.1) 30 (39.0) 0.10
Interferon, n (%) 7 (17.9) 20 (25.9) 0.36
Rituximab, 7 (%) 9 (23.1) 3(3.9) 0.003
Fingolimod, # (%) 3(7.7) 8 (10.4) 0.75
Dimethyl fumarate, n (%) 4 (10.3) 3(3.9) 0.22
Azathioprine, n (%) 3(7.7) 2 (2.6) 0.33
Natalizumab, n (%) 1(2.5) 3(3.9) 1.00
No treatment, n (%) 3(7.7) 8 (10.4) 0.49
Genetic characteristics
rs10766197, CYP2R1 gene
Genotypes
GG, n (%) 12 (30.8) 31 (40.3)
GA, n (%) 21 (53.8) 37 (48.0) 0.58
AA, n (%) 6 (15.4) 9 (11.7)
Allele 2n =232 2n=78 2n=154
A, n (%) 33 (42.3) 55 (35.7) 0.33
G, n (%) 45 (57.7) 99 (64.3) 0.33
rs10877012, CYP2BI gene
Genotypes
GG, n (%) 15 (38.5) 40 (51.9)
GT, n (%) 19 (48.7) 29 (37.7) 0.39
TT, n (%) 5 (12.8) 8 (10.4)
Allele 2n =232 2n=78 2n =154
T, n (%) 49 (62.8) 45 (29.2) <0.001
G, n (%) 29 (37.2) 109 (70.8) <0.001

EDSS: Expanded Disability Status Scale of Kurtzke for Multiple Sclerosis; IP: index progression (EDSS/disease evolution). For rs10766197 of CYP2RI gene:
GG: wild homozygous; GA: heterozygous; AA: polymorphic homozygous. For rs10877012 of CYP2BI gene: GG: wild homozygous; GT: heterozygous; TT:
polymorphic homozygous. Qualitative variables were expressed as frequency and percentage. Quantitative variables were expressed as median and min-
max. Comparisons between medians were performed using Mann-Whitney U test. Comparison between proportions was performed using Chi-square test
(or Fisher exact test if applicable). p values were obtained comparing multiple sclerosis with severe progression versus multiple sclerosis with low progression.

CYP2R1 is responsible for the hydroxylation of vitamin
D to 25(0OH) vitamin D in the first activation step. It is
thought to be an important determinant of the vitamin D
metabolic pathway, as it shows a high affinity for vitamin
D [31]. The SNP rs10766197 is located in the promoter
region of the CYP2RI gene, which causes differences in gene
expression [32]. The association between the rs10766197
polymorphism of the CYP2RI gene and MS has been previ-

ously identified. Scazzone et al. (2017) reported that an asso-
ciation between the GA genotype (heterozygous minor allele
carriers) in Italian patients was 46% in MS patients vs. 43%
in controls (OR 2.19, 95% CI 1.09-4.39, p =0.03), and the
frequency of the AA genotype (homozygous minor allele
carriers) was 39% in MS patients vs. 25% in controls (OR
3.18, 95% CI 1.52-6.65, p 5 0.002) [19]. Other studies ana-
lysed other polymorphisms in this gene. Laursen et al. found
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TaBLE 4: Comparison of genotypic and allelic frequencies of polymorphisms rs10766197 of CYP2RI gene and rs10877012 of CYP2BI gene,

between multiple sclerosis patients and control group.

Multiple sclerosis

Control group

n=116 n=226 OR 95% CI P
rs10766197, CYP2R1 gene
Genotypes
GG n =155 (%) 43 (37.1) 112 (49.6) — —
GA n=140 (%) 58 (50.0) 90 (39.8) — — 0.08
AA n=39 (%) 15 (12.9) 24 (10.6) — —
GA + AA versus GG (as referent) 73 (62.9) 114 (50.4) 1.67 1.05-2.64 0.03
GA + GG versus AA (as referent) 101 (87.0) 202 (89.4) 0.8 0.40-1.59 0.59
Alleles 2n =684 2n =232 2n=452
A allele, 2n =226 (%) 88 (37.9) 138 (30.5) 1.39 0.99-1.94 0.05
G allele, 211 = 458 (%) 144 (62.1) 314 (69.5) 0.72 0.52-1.00 0.05
rs10877012, CYP2BI gene
Genotypes
GG n=156 (%) 55 (47.4) 101 (44.7) — —
GT n =146 (%) 48 (41.4) 98 (43.4) - — 0.90
TT n =40 (%) 13 (11.2) 27 (11.9) — —
GT + TT versus GG (as referent) 61 (52.6) 125 (55.3) 0.89 0.57-1.40 0.63
GG + GT versus TT (as referent) 103 (88.8) 199 (88.1) 1.08 0.53-2.17 0.84
Allele 2n =684 2n =232 2n =452
G allele, 21 = 458 (%) 158 (68.1) 300 (66.4) 1.08 0.77-1.52 0.65
T allele, 211 = 226 (%) 74 (31.9) 152 (33.6) 0.92 0.66-1.30 0.65

For rs10766197 of CYP2RI gene: GG: wild homozygous; GA: heterozygous; AA: polymorphic homozygous; for rs10877012 of CYP2BI gene: GG: wild
homozygous; GT: heterozygous; TT: polymorphic homozygous. OR: odds ratio risk; 95% CI: 95% confidence interval. p values were obtained comparing

multiple sclerosis versus control group.

a significant association of CYP2R1 rs10741657 with MS risk
in a cross-sectional study performed on the Danish popula-
tion [33].

In our study, we found that the frequency of vitamin D
deficiency was lower in MS patients than in controls. Our
findings are supported by other studies; Oliveira et al,
2017 reported an association between serum levels of
25(0OH) vitamin D and MS, reporting and media of MS
patients (26.12 + 8.47 ng/mL) vs. controls (29.71 + 9.17 ng/
mL, p=0.02) [34], and Munger et al., 2006 found that the
risk of MS decreased with increasing serum levels of
25(OH) vitamin D [35]. Several hypotheses have been pro-
posed in advance to explain the role of vitamin D in the
MS. First, vitamin D influences the balance of CD4 T lym-
phocytes, by decreasing Thl and Th17 cell differentiation
and promoting Th2 and regulatory T cells (Tregs) prolifera-
tion. In the development of MS, CD4 T lymphocytes (or T
helper lymphocytes, including Th1, Th2, Th17 subsets) play
a crucial role in the activation of myelin-specific Thl and
Th17 cells, which drives the inflammation within the central
nervous system [36, 37]. Second, MS is characterized by pro-
gressive demyelination, vitamin D is deemed to have a role
in the myelination and remyelination processes [38-41],
and finally, 80% of MS-associated genes are enriched for
VDRE:s in their promoter region and consequently, and they
are regulated by vitamin D [42].

CYP27B1, encoding la-hydroxylase, which converts
25(0OH) vitamin D to its active form, 1,25(OH)2D, is the
cytochrome P450 gene most strongly associated with vitamin
D status [15]. The SNP rs10877012 located on the 5" untrans-
lated region (UTR) may affect transcript stabilization and the
posttranscriptional control of mRNA [43]. For the rs10877012
polymorphism of the CYP27B1 gene, we observed that geno-
type or allele does not confer a clinically relevant risk for the
development of MS. These results are in agreement with those
reported by Simon et al. in American women with MS; in the
study, findings do not support a role for an independent effect
of the vitamin D-related gene polymorphisms investigated
and the risk of MS [44]. The authors also identified three addi-
tional SNPs on the CYP27BI gene associated with MS [19].

Genome-wide association studies (GWAS) and other
epidemiological studies have shown that SNPs within the
CYP2RI gene modulate 25(OH) vitamin D levels [45-47].
In our study, we found that MS patients carrying one or
two A alleles had lower 25(OH) vitamin D serum levels in
comparison to patients carrying allele G. Scazzone et al.
reported the rs10766197 distribution in MS patients, strati-
fied according to the 25(OH) vitamin D concentrations,
and the patients who carried the AA genotype presented a
trend of lower levels of 25(OH) vitamin D in comparison
to those with a genotype of GG or GA, although the differ-
ence was not statistically significant [14]. In contrast, other
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F1GUre 2: Comparison of levels of 25(OH) vitamin D in serum according to genotypes of single nucleotide polymorphisms rs10766197 of
CYP2RI gene and rs10877012 of CYP27B1 gene between MS patients. (a) Comparison of the levels of 25(OH) vitamin D in serum between
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of the CYP27B1 gene. Data are presented as medians with ranges (min-max) of 25(OH) vitamin D (ng/mL). The comparison between
genotype groups was designed by the Kruskal-Wallis test and Bonferroni correction to perform multiple comparisons.

studies have reported an association of the rs10766197 poly-
morphism with the highest mean levels of 25(OH) vitamin
D in the healthy Chinese population [48].

We did not find an association between the rs10877012
polymorphism of the CYP27BI gene and 25(OH) vitamin D
levels. However, this association has been reported in other
diseases. Ramos-Lopez et al. reported that the rs10877012 C
allele was associated with lower levels of 25(OH) vitamin D
in a study of patients with gestational diabetes [20].

There could be several reasons why we were not able to
find an association between the SNPs and 25(OH) vitamin
D levels. These inconsistent results could be derived from
differences in population selection and ethnicity. The serum
25(OH) vitamin D levels of the population we studied were
much lower than those in other published reports [49-51].
ENSANUT in 2006 reported that approximately 30% of
adults aged 20 to 60 years have hypovitaminosis D [51].

It has been reported in Mexico that 37% of women of
reproductive age have deficient levels and 50% have insuffi-
cient levels of vitamin D [52].

To date, to the best of our knowledge, this is the first
study to analyse the association between these two polymor-
phisms, 25(OH) vitamin D levels and MS, in Mexican

patients, which enabled us to examine the interactions
between the CYP2RI gene, CYPB27 gene, and vitamin D
levels to assess how these synergisms may influence MS risk.

There are limitations to the present investigation. First,
in relation to the findings of the main effects of individual
SNPs and MS risk, these genes were not submitted to an
exhaustive examination. However, we cannot exclude the
possibility that other gene regions may be important.
Second, we did not measure 25-hydroxylase activity. Third,
our study was limited to a small sample size.

MS is a multifactorial disease, and this finding supports
the notion that risk factors may be relevant only in a propor-
tion of the population with underlying genetic susceptibility
[53]. Future investigations that could replicate the findings
in this work are necessary to verify the biological precept
of the plausibility of gene-environment interactions as they
relate to vitamin D and MS risk.

5. Conclusion

Reduced serum 25(OH) vitamin D levels were observed in
MS patients, although these levels were not associated with
disease progression. Carriers of GA + AA rs10766197 of
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the CYP2RI gene had an increased risk of MS. None of these
polymorphisms was associated with severe progression on
MS disease.
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