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Abstract

Several factors are involved in susceptibility to multiple sclerosis (MS) and alterations in disease activity. A full understanding regarding
the mechanism which causes the disease is still lacking. Several factors have been considered to be associated, positively or negatively,
with the onset, course, progression, and relapse rates of MS. However, the level of consensus on each factor is different. These factors are
either genetic (including polymorphisms in human leukocyte antigen, microRNAs genes, etc) or environmental (such as serum levels of
circulating vitamin D, helicobacter pylori, Epstein-Barr virus, human cytomegalovirus, human herpes virus type 6, human endogenous
retrovirus infections, and latitude). Vitamin D sufficiency is a major protective factor on which there is a decisive consensus and has
known interactions with many factors affecting MS onset/severity. Vitamin D therapy is speculated to exert beneficial effects on patients,
the efficacy of which, along with the etiology of MS, is reviewed in this article.
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Introduction

Multiple sclerosis (MS) is a chronic inflammatory,
demyelinating disease of the central nervous system (CNS).
Damage to myelin proteins occurs during MS progression and
relapse. Over 2 million people suffer from the consequences
of pathological mechanisms which MS involves, monocular
visual loss, limb weakness/sensory loss, diplopia (double
vision) and ataxia resulting from optic neuritis, transverse
myelitis, brainstem dysfunction, and cerebellar lesions being
among them.' Based on the disease course, MS patients can
be divided into four main types: I) Relapsing-remitting MS
(RRMS), which is by far the most common type, affecting
about 85% of MS patients; II) Secondary progressive MS
(SPMS), which may progress in patients with relapsing-
remitting MS; III) Primary progressive MS (PPMS); and
IV) Progressive-relapsing MS (PRMS).> A recently detected
subtype of the disease described as “myelocortical MS” argues
against the idea that neural degeneration necessarily occurs
following demyelination. In patients with myelocortical
MS, demyelinated lesions in cerebral white matter were
not observed. Similar to typical MS courses, however, the
mean cortical neuronal densities were significantly lower
than those of the healthy controls.* These new findings will
further improve the diagnoses and treatments utilized in MS
patients.

Genetic Factors
Human Leukocyte Antigen and microRNAs Genes
The human leukocyte antigen (HLA)-DRB1 gene explains
up to 10.5% of the genetic variance underlying risk.*
HLA-DRB1*15:01 allele has the strongest association
with increased MS risk among genetic risk factors and
has been consistently associated with MS susceptibility in
approximately all populations studied, pointing to a specific
antigen presentation as the pathogenic mechanism.

Based on previous studies, the association between MS and
the HLA-DR15 haplotype (HLA-DRB1*15:01 allele and the
alleles in linkage disequilibrium with it; HLA-DQB1*0602
and HLA-DQA1*0102) has been shown throughout both
European and non-European populations,” except in
Sardinian individuals, among whom MS susceptibility has
been reported to be associated with HLA-DR4 (DRB1*0405,
DQA1*0301, DQB1*0302) instead of HLA-DR15.>7 The
association between HLA-DR2 and MS has been observed
mostly among northern European populations.®

A single vitamin D response element was identified in
the HLA-DRBI1 promoter region, advancing the idea of an
interaction between vitamin D and HLA-DRBI. The role of
this interaction in disease etiology has not been elucidated
yet, but it can be hypothesized that a lack of vitamin D in
early childhood can alter the expression levels of HLA-
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DRBLlin the thymus, probably leading to a general reduction
in the expression of disease-associated class II, such as HLA-
DRB1*15:01, in the thymus during early life. This reduction
might cause a loss of central tolerance, possibly increasing the
risk of autoimmunity in later life.” The lower frequency of the
HLA-DRBI1*15:01 allele in Asian and African populations,
in comparison with Caucasian populations, may explain
why a lower prevalence of MS is observed in races with dark
skin living in temperate clines despite elevated vitamin D
deficiency caused by the high ultraviolet-filtering capability
of cutaneous melanin.’

HLA-DRB1*1001"° and HLA-DRB1*0101" alleles have
been reported to act as protective factors against MS in an
Iranian and a Spanish population, respectively.

Variations in several miRNAs’ SNPs appear to own gender-
specific associations with MS susceptibility, course, and
severity. Considering their post-transcriptional suppression
of many genes expression, these small single-stranded
non-coding RNA molecules are evidenced to be of great
importance in the regulation of several biological processes,
including immune response, explaining the presence of
dismantled miRNA expression as a common feature in several
diseases involving the immune system.'> A study inspecting
the expression levels of miRNAs involved in CD4+ T-cell
activation detected the expression levels of miR-21, miR-146a,
and miR-146b to be significantly higher in RRMS patients."
Results from a study on 561 patients and 441 healthy controls
suggest that miR-223 and miR-146A SNPs have correlations
with MS susceptibility (the latter only in females). Moreover,
miR-499A and miR-196A2 polymorphisms were observed to
be significantly associated and not associated, in women and
men, respectively, with a more severe course of the disease."

CYP24A1, CYP27B1, DBE and VDR Genes
CYP27B1 is the enzyme catalyzing the synthesis of
1,25(0OH),D,. CYP24A1 down-regulates 1,25(OH),D, levels
through hydroxylation of both 1,25(OH),D, and 25(OH)D,
at C-24. Polymorphisms in CYP24A1, CYP27B1, vitamin D
binding protein (DBP), and vitamin D receptor (VDR) genes
may also appear effective in MS susceptibility, because they
are involved in both functions and levels of vitamin D.
Variants in CYP27B1 appeared to be associated with higher
MS risk, as heterozygosity for these mutations led to lower
levels of calcitriol'’; however, these results were later refuted
since there were concerns as to the validity of the methods
utilized in the study. Based on a meta-analysis, mostly among
Caucasian populations, genetic polymorphism rs703842 in
the CYP27B1 gene was shown to be significantly associated
with MS risk, and the C allele was found to be correlated with
reduced MS susceptibility.'® However, findings of a recent
study on Sicilian patients diagnosed with MS do not provide
evidence of an independent effect of vitamin D-related gene
variants, DBP and CYP27B1, in the risk of MS."” The C allele
for rs-2248359 in the CYP24A1 gene is considered to be a risk
factor as well. This allele is strongly associated with increased
CYP24A1 expression in the frontal cortex of some MS
patients, which results in lower levels of calcitriol in sites of
CYP24A1 enzyme.' The heterogeneity seen in the results of

studies on the association between CYP24A1 and CYP27B1
polymorphisms and MS susceptibility may be explained by
the different ethnic backgrounds of populations involved in
the studies.

Other than transporting 25(OH)D, to target sites, DBP
is also capable of restricting the conversion of calcidiol to
calcitriol by being tightly bound to calcidiol. Thus, factors
affecting the functions or levels of DBP are estimated to
influence the circulating 25(OH)D, levels as well. However,
its contribution to MS susceptibility is yet to be established, as
studies inspecting this contribution have reported inconsistent
results. The serum levels of DBP and calcitriol do not differ
between patients and healthy controls, thus denying serum
levels of bioavailable metabolite of vitamin D as a risk factor
for MS." Another study, denied the association between DBP
serum levels and MS susceptibility/activity, as no differences
were observed in DBP concentrations among subjects (RRMS
patients in relapse/remission phase) and healthy controls.”
Yet another study has reported DBP in MS patients to be of a
higher serum level compared with healthy controls.”

The influence of the VDR gene polymorphisms on the
risk of MS is not yet clear. The associations between Bsml,
Taql, Apal, and FokI polymorphisms in the VDR gene and
MS susceptibility have been investigated by many studies,
often presenting controversial results. One recent study on
4013 MS patients found no association between these single
nucleotide polymorphisms (SNPs) and MS risk in the general
population; however, analysis of its subgroup suggested
the A allele is associated with MS susceptibility in Asian
populations.”? Another recent study involving 3593 patients
reported Taql polymorphism as a significant protective factor
#. No relation between Taql and FokI SNPs and increased
MS risk was reported in a recent study by Garcia-Martin et
al.** These SNPs were not found to be correlated with HLA-
DRB1*15:01, either.* A significant association was found
between these two SNPs and MS risk in another recent study.”

Environmental Factors

Latitudinal and Seasonal Associations, UVB, and Vitamin D

Despite the possible lack of accuracy in MS prevalence data,
prior research has generally confirmed that MS is more
prevalent in regions with higher latitude, which is associated
with less sunlight intensity and lower UVB exposure in
individuals. Individuals born in regions with (high/low)
latitudes are reported to have a(n) (reduced/increased) MS
risk after migrating to regions (closer to/further from) the
equator in their second decade of life.* Tao et al discovered an
earlier age of MS onset among populations residing in regions
with higher latitudes.?”

A correlation has been reported between seasonal
environmental factors and MS susceptibility. A study on
151978 MS patients born in the northern hemisphere
purported that MS risk is increased strikingly among
individuals born in April and reduced among those born in
November and December,” indicating the risk of MS is higher
among those whose mothers experienced less sun exposure
during pregnancy. Studies with fewer patients, however, do
not necessarily support the previously reported association
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between season/month of birth and MS risk.? Another study
indicated an excess of births between May and October among
MS patients. The peak of births of MS patients was shown
to be in July and the nadir in December.*® Collectively, pre-
natal sun exposure may have an influence on the incidence
of MS, most likely in combination with other environmental
or genetic factors.” Additionally, in the northern hemisphere,
disease activity was reported to be augmented and reduced
during summer/spring and winter/fall transitions among MS
patients, respectively.’** A reverse correlation was reported
in the southern hemisphere,**” as the meteorological seasons
in the southern hemisphere are also opposite to those in the
northern hemisphere. Vitamin D is suggested as a contributor
to some, but not all, geographical and seasonal associations
observed in MS.”® The Epstein-Barr virus (EBV) seropositivity
is evidenced to own a positive association with latitude in an
MS-independent manner.***

Lower UVB exposure is considered associated with higher
MS susceptibility and is obviously associated with lower
annual mean UVB irradiation and average winter UVB."
Given the information on immunomodulatory effects of
vitamin D and its protective role against autoimmune diseases,
it is possible that lower UVB exposure could increase the risk
of MS by causing less cholecalciferol production in the skin.
Another possible explanation illustrates the independent role
of UVB on immunomodulation, as it may stimulate dendritic
cells present in the skin, producing interleukin-10 (IL-10; an
anti-inflammatory cytokine considered protective against the
disease). IL-10 can stimulate local regulatory T-cells (Tregs)
present in the skin and Tregs in the lymph nodes. These
activated Tregs can exert their immunomodulatory functions
within CNS after entering the bloodstream.*

The perception of vitamin D insufficiency (or deficiency)
as a major MS risk factor is attributable to its interaction
with some other risk factors, such as HLA haplotypes which
are related to higher MS risk. Furthermore, non-classical
functions of vitamin D, such as the regulation of both
innate and adaptive immunity, the presence and possible
neuroprotective actions in CNS cells, and its interaction
with other risk factors have contributed to the perception
mentioned above.

EBV, Human Endogenous Retrovirus and Human Herpes
Virus Type 6 (HHV-6)

EBV (HHV-4) infection has been shown to be significantly
associated with MS.**! It has been suggested that EBV sero-
positivity and elevation of EBV-specific antibody titers precede
the onset of the disease by at least a few years.* Increased
anti-EBNA1 serum levels were perceived to be significantly
associated with a number of risk alleles, including rs2744148,
rs11154801, rs1843938, and rs7200786.% This infectious
agent has shown consistency regarding its association
with MS development more than any other microbe.”
Considering this consistency, EBV vaccination and antiviral
drugs utilization in treatment procedures appear necessary
for the prevention and inhibition of disease progression,
respectively.®® It is mostly asymptomatic during childhood,
but commonly symptomatic and causing infectious

mononucleosis (IM) during adolescence and adulthood.”
After a late EBV infection, high serum levels of EBV-specific
antibodies and a history of IM appear to be significantly
associated with increased risk for MS.*® In a recent study, the
incidence of IM and genetic susceptibility of high titers of
EBNA-1 IgG manifested a positive time correlation with MS
development in female patients with post-pubertal infection
and male patients and a negative time correlation among
female patients with pre-pubescent infection.”® Certain
variants in MS-associated polymorphisms, including GC
and CC genotypes in miR-146a (rs2910164), are suggested
to amplify this correlation and to predict the conversion
to MS and also relapse rate.”> EBV exerts its pathogenic
effects most likely by infecting B-cells and not by molecular
mimicry; treatment with B-cell-depleting drugs, such as
rituximab and ocrelizumab, which eradicate EBV-infected
B-cells has been shown to reduce disease activity markers.”»**
B-cells present in cerebrospinal fluid (CSF) are reported
to be infected with EBV in MS patients.” EBV-infected B
lymphocytes tend to have higher antigen presenting capacity,
co-stimulate T-cells, attract inflammatory cells, and alter
the anti-inflammatory/pro-inflammatory balance, which
leads to lower tolerogenic responses like IL-10 production
by regulatory B-cells (Bregs).”* Consumption of high-dose
vitamin D supplements seems to reduce the anti-EBNA1
serum levels in RRMS patients.’”*

Infections with human endogenous retroviruses (HERV's)
and HHV-6 are suggested to precede the disease onset and/
or increase the disability progression rate.” Two antigenic
peptides present on the HERV-W envelope surface have
been reported to be highly recognized by antibodies in MS
patients in comparison with healthy subjects.”® A recent
experiment suggested a molecular mimicry in epitopes
from envelope proteins of the HERV-W family and myelin
proteins, confirmation of which requires further experiments
to test the ability of these epitopes to activate helper T-cells
(Th-cells).®!

A systematic review and meta-analysis on 39 studies
demonstrated a significant association between MS and
infection with HHV-6." The presence of anti-HHV-6 IgG in
the CSF of MS patients, especially those with the progressive
form of the disease, has been confirmed.®? Higher anti-HHV-6
IgG titers in MS patients have been reported to be associated
with higher relapse risk.”

Cigarette Smoking

Apart from the suggested positive correlation of MS risk
with cigarette smoking, nicotine consumption may reduce
this risk if not smoked.®*® Some known effects of other
substances found in cigarette smoke encompass direct tissue-
damage, increased apoptosis, and pro-inflammatory actions.®
The association between smoking and MS susceptibility
was investigated using Bradford Hill’s criteria for causation
in a recent study conducted by Degelman and Herman, in
which an increased risk for MS was observed in smokers.®
Another recent study provided information regarding the
effects of different smoking habits on MS risk, indicating a
dose-response relationship between these two variables.””
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It was deduced by one study that the increased MS risk
associated with smoking remains up to 5 years after cessation
of smoking.®® The effect of maternal smoking on MS risk is
not clarified yet, but one case control study showed a higher
risk,” and a second showed no association.”

The association between increased MS risk and higher anti-
EBNA titers is augmented in ever smokers compared with
never smokers.”! The interaction between MS susceptibility
alleles and cigarette smoke exposure is still a matter of debate,
as one study suggests there is no such interaction,”” and
another study has found these interactions possible.”” The
analysis of 6 independent studies in 5 countries indicated that
smokers lacking HLA-A*02 and carrying HLA-DRB1*15 had
a 13-fold greater risk of developing MS than never smokers
who lack HLA-DRB1*15 and carry HLA-A*02.7*

Cigarette smoking has been associated with disease activity
in RRMS patients. In a recent study, it was noted that the
progression of the expanded disability scale score was faster
in daily smokers than in non-smokers.”” This effect on
disease progression is assumed to be caused by a reduction
in CD4*, CD25*, and other regulatory cells. This reduction
is explainable by two pathways suggested in a recent study:
I) increased production of IL-6 and IL-13, attributable to
the decreased activity of indoleamine 2,3-dioxygenase,
and II) Elevation in the expression and activity of the renin
angiotensin system, inducing an increase in IL-17 and IL-22,
resulting in the higher production of chemokines in smoking
patients.”

The association between cigarette smoking and disease
progression in PPMS is not clarified yet. A recent study showed
no effect exerted by smoking on disability accumulation in
PPMS, suggesting that the disability progression in PPMS
involves different underlying pathomechanisms from that in
RRMS.” A clinical cohort found a significantly higher risk of
SPMS onset in ever smokers, occurring approximately 4 years
earlier.””

Obesity
Studies have demonstrated a significant association between
obesity in adolescence and increased MS risk.”** A two-fold
increase of MS risk in obese individuals (BMI> 30 kg/m?)
compared with those with normal BMIs has consistently been
observed.®

Obesity has been shown to be associated with lower
25(OH)D serum levels in individuals, irrespective of latitude,
age, etc.® A recent meta-analysis suggested lower serum
levels of 25(OH)D and higher BMI to be significantly and
independently correlated with higher susceptibility to
pediatric-onset MS.* Female individuals with a higher BMI
during childhood and adolescence tend to experience an
earlier menarche,*® which is suggested to be associated
with an earlier MS-onset in females.” Whether early puberty
in females is a contributing factor to MS development or an
incident involved in the pathomechanisms of MS is yet to be
illuminated.

Although childhood obesity has not been established
as a factor favoring the disease onset, considering that
approximately 66% of children placed among the highest

BMI quartile do not descend to lower quartiles during young-
adulthood,” an estimation by Ascherio and Munger suggests
a 15% reduction in MS cases following the elimination of
childhood obesity,” concluded from the two-fold increased
MS risk in individuals with childhood obesity and a 17%
spread of obesity among adolescents.”®

Adipokines such as leptin, resistin, and visfatin have been
suggested to be the links between metabolic status and the
immune system in individuals, mediating the immune
response towards a pro-inflammatory profile when increased
in serum levels, consequently augmenting disease severity in
RRMS patients.”* Adiponectin was observed to be of lower
serum levels in RRMS patients compared to healthy controls.*

Human Cytomegalovirus (HCMYV) and Helicobacter pylori
Several studies have attempted to determine the association
between HCMV (HHV-5) infection and disease activity in
MS patients. However, the results regarding this association
remain inconsistent. It was suggested by a recent study that
HCMYV possibly intensifies symptoms in MS patients.”
Two recent studies involving Iranian populations have also
suggested a key role for HCMYV in the pathogenesis of MS,?*
while another study suggested a possible beneficial role for
HCMYV in attenuating the risk of disability progression in MS
patients, showing virus-driven NKG2C+ natural killer cell
expansion.”

Infection with H. pylori and MS susceptibility have been
suggested by some studies to be negatively correlated,
but there is no consensus over this possible correlation.
Observing a significantly lower prevalence of H. pylori
infection among MS patients, a recent study involving 1902
MS patients concluded that infection with H. pylori is likely
to be a protective factor against developing MS.!” Another
recent study with 2806 participants illustrated the same
negative correlation between H. pylori infection and MS
susceptibility, especially in western populations,'” possibly
through the induction of Tregs and Th2 lymphocytes by H.
pylori as an evasion mechanism and attenuation of Thl/
Th17-mediated pro-inflammatory responses by Tregs. A
cascade reaction involving malabsorption of vitamin B,, and
folic acid, reactive oxygen species induction, and elevation
of plasma homocysteine following the propagation of H.
pylori can increase the risk of Alzheimer’s disease (AD) by
damaging the brain-blood barrier, which can result in the
accumulation of amyloid- in the brain. Therefore, H. pylori
remains a pathogenic agent in neurological disorders such as
AD, despite its potential negative association with MS.!*

Alcohol, Caffeine, and Nicotine

In case of MS susceptibility, studies have manifested no
association between alcohol consumption and increased
MS risk.'1 Regarding the correlation of disease severity in
RRMS patients with alcohol consumption, one recent study
suggested that the cessation of alcohol consumption could
potentially be beneficial,”” and the results yielded an inverse
association between drinking alcoholic beverages and the
progression rate among patients diagnosed with SPMS. In
PPMS patients, however, there was no association observed,'®
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supporting the idea that different mechanisms are involved in
the disability progression of PPMS and SPMS patients. A more
recent study found total alcohol and red wine consumption
to be negatively associated with cross-sectional neurologic
disability progression.'®

The consumption of coffee is suggested to have an inverse
association with disease progression rate in SPMS, but
not in PPMS.' Two independent studies yielded similar
results regarding the effect of coffee consumption on MS
susceptibility, which they reported to be protective.!”” It is
possible that the mechanisms underlying this effect involve
the neuroprotective and anti-inflammatory functions of
caffeine (the major component of coffee) in neurodegenerative
diseases.'"®

Given its neuroprotective properties in CNS,'® nicotine
consumption is suggested to own therapeutic roles in the
management of Parkinson’s disease and to be associated with
a lower risk of developing the disease.!!®"! Other than its
involvement in the pathogenesis and treatment of Parkinson’s
disease, it has been suggested that the nicotinic acetylcholine
receptor is involved in the pathomechanisms through which
AD progresses.'? Some studies have tested this role in rat
models of MS (experimental autoimmune encephalomyelitis)
and have determined that nicotine is a protective agent in
both MS susceptibility and severity.'”* Two case control
studies (7883 cases, 9437 controls) executed in Sweden, in
which the use of moist snuff (a smokeless tobacco product
placed between the lips and gums, resulting in high blood
concentrations of nicotine) is common, investigated the MS
risk among populations with different snuff consumption
habitsand provided evidence for the hypothesized involvement
of the anti-inflammatory and immunomodulatory effects of
nicotine, as it was noticed to reduce the risk of developing
MS in both never-smokers and smokers.”” A recent study
suggested the combination of mesenchymal stem cells (MSCs)
and nicotine for the further improvement of MS therapeutics
as the increased IL-10 production and significantly reduced
production of pro-inflammatory cytokines, such as IL-17 and
tumor necrosis factor (TNF)-a, were observed in rats with
EAE treated with this combined therapy.'**

Conclusions

We reviewed recent studies investigating factors, the
involvement of which has been proposed in numerous
research papers. Our efforts toward achieving a relatively
complete understanding of these suggested factors will
guide us through the process of designing social and global
programs, aiming to minimize the exposure of those
recognized as “susceptible” to the environmental conditions
we assume to be threatening. Studying the underlying genetic
information on patients, the person-to-person approach
further enables clinicians around the world to monitor the
interactions between the risk factors encoded in individuals’
genomes with the interventions they are receiving as well as
the environment in which they are spending most of their daily
time. For instance, health promotion endeavors are essential
for encouraging the populations considered in danger (e.g.,
smokers) to discontinue the behaviors or presence in risky

environments. For viral infections suggested to be involved in
the disease pathomechanisms, further research is needed to
elucidate their roles to a measure of precision that will allow
the execution of actions such as vaccination with a lucid vision
of the balance of benefits and risks in such undertakings.
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