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Vitamin D and Multiple Sclerosis:

mini review

Witamina D a stwardnienie rozsiane
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Abstract

Multiple Sclerosis (MS) is a chronic, autoimune demyelinating
disease of the central nervous system (CNS). It is common in
young adults, but can also affect children and teenagers. The
pathogenesis of MS is unclear, but given that the incidence of
MS increases with distance from the equator, the role of vita-
min D insufficiency was recently discussed. Vitamin D, acting
through its nuclear receptor, is an important regulator of the
immune system. Several studies showed that the adequate
level of vitamin D may lower the risk of MS. Additionally,
vitamin D supplementation in MS patients may ameliorate
the course of the disease. This review discusses the role of

vitamin D in MS pathogenesis.

Key woORDS:
W DEMYELINATION m MULTIPLE SCLEROSIS m VITAMIN D

Multiple Sclerosis (MS) is a chronic inflammatory, neu-
rodegenerative disorder, characterized by focal demyelin-
ation and axonal pathology in the Central Nervous Sys-
tem (CNS)!2:23, The demyelinating lesions may produce
different symptoms, depending on their location, and
can be seen on magnetic resonance imaging of the brain
and spinal cord (Figure 1). The onset of MS usually oc-
curs in young adults, but recently pediatric MS is being
increasingly recognized®. Generally MS is more common
in females than in males, but in young children boys are
more often affected than girls. Up to 10% of all MS patients
experience their first symptoms of the disease under the

age of 16°,

Streszczenie

Stwardnienie rozsiane (SM — sclerosis multiplex) jest prze-
wlekta demielinizacyjng chorobg osrodkowego uktadu ner-
wowego (OUN), spowodowang reakcjg autoimmunologiczng
skierowang gtéwnie przeciwko wtasnym biatkom mieliny.
SM jest choroba dotykajaca najczesciej mtodych dorostych,
ale moze sie zdarzac takze u dzieci. Patogeneza SM nie jest
w petni wyjasniona; ostatnio ze wzgledu na zaleznos¢ ryzy-
ka zachorowania na SM od strefy klimatycznej (im dalej od
rownika, tym ryzyko wieksze), coraz czesciej podnoszona jest
rola witaminy D. Witamina D dziatajgc poprzez receptor jadro-
wy reguluje czynno$é uktadu odpornodciowego. Coraz wiecej
badan wskazuje, Ze odpowiednie zaopatrzenie w te witamine
ma ochronne dziatanie i zmniejsza ryzyko zachorowania na
SM. U chorych z SM podawanie witaminy D zmniejsza cze-
stoS¢ rzutow i ciezkoSE choroby. Niniejsza praca stanowi prze-

glad literatury dotyczacej roli witaminy D w patogenezie SM.

SEOWA KLUCZOWE:
W DEMIELINIZACJA B STWARDNIENIE ROZSIANE m WITAMINA D

MS prevalence varies across world regions and patient
populations, and is strongly influenced by place of residence
during childhood?. Epidemiological studies have shown
that MS frequency increases with the increasing distance
from the equator. MS prevalence is high (100-150:100000) in
northern Europe and in Canada and low in Japan and most
African countries (2:100000)12, Migrants studies!® showed
that if migration occurs before the age of 15, the migrant
acquires the new region’s susceptibility to MS. If migration
takes place after age 15, the migrant retains the susceptibil-
ity of his home country.

The pathogenesis of MS is complex and not yet fully
understood. It is widely accepted that in MS development
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many components of the immune system take part. The
targets of the autoimmune response in MS are the cellular
components of the CN'S that are normally not presented to
the immune system due to the blood-brain barrier (BBB).
The immune cells gain the access to the myelin sheaths
and oligodendrocytes after activation enabling then to
respond to cytokine and chemokine signals that induce
them to cross the BBB!l. The inflammatory infiltrate in
active MS lesions consists of a mostly perivascular accu-
mulation of CD4+ and CD8+ T cells, monocytes, B cells,
and macrophages-dependent and stepwise fashion?2. The
sine qua non condition is that activated immune cells must
omit the regulatory functions of other cellular components
of the immune system!2. In the inflammatory phase of MS
plague formation, T regulatory cells were shown to be defi-
citin function!?, enabling pathogenic Th17 and Thl effector
functions. Thl7 cells produce cytokines including interleu-
kin (IL)-17, IL-6, IL-21, IL-22, IL-23 and tumour necrosis
factor (TNF)-a, which have proinflammatory functions.
Thl7-mediated inflammation is characterized by neutro-
phil recruitment into the CNS and neurons killing!8,

The primary inflammatory processes within CNS lead
to glial scar formation, axonal loss and neurodegeneration,
which is an irreversible effect in MS and produces persis-
tent neurological deficits.

Currently, there is no cure for MS, however, several im-
munomodulatory agents have been introduced to modify
the disease progression. So-called Disease Modifying
Treatments (DMT) include: interferons beta, glatiramer
acetate, mitoxanthrone, natalizumab, and fingolimod. In
many studies, they were shown to decrease the number
of relapses and reduce the disease activity shown on MRI
studies in a considerable number of patients®.

Similarly to other autoimmune diseases, MS risk is
determined by interacting genetic and environmental
factors2313, Vitamin D deficiency as a risk factor for MS
development was suggested more than 30 years ago and
recently, after the discovery of non-calcaemic effects of
vitamin D, it has been extensively studied®11:13.2¢ The epi-
demiological data indicate that MS is rare in world regions
with high ambient sunlight, in populations that consume
diets rich in vitamin-D (fatty fish)2*. Moreover, persons born
in late spring have higher MS risk than those born in late
autumn. Interestingly, the effect of month of birth on MS
risk changes according to the latitudell. It is hypothesized
that seasonal variations in sunlight exposure during preg-
nancy and infancy mediates this phenomenon!?. In a recent
study?, the association of maternal milk intake, maternal

dietary vitamin D intake, and predicted maternal serum

FIG. 1. MRI showing disseminated demyelinating lesions
in the brain of 12-years-old child.

25-hydroxyvitamin D [25(OH)D] during pregnancy and on
the risk of M'S development in an offspring was studied on
35,794 mothers. The relative risk of MS was lower among
women born to mothers with high milk or vitamin D intake
during pregnancy. The results suggest that higher mater-
nal milk and vitamin D intake during preghancy may be
associated with a lower risk of developing MS in offspring.

There is an increasing body of evidence that vitamin
D can be not only protective against the development of
MS, but it may also be beneficial for the clinical course of
the disease. In a prospective study!? in 73 patients with re-
lapsing-remitting MS blood samples for 25(OH)D measure-
ments were serially taken. Exacerbation risk decreased
significantly with higher serum vitamin D levels, suggest-
ing that vitamin D may exert a beneficial effect on disease
course in MS. In another study!®, patients with relapsing-
remitting MS were followed with MRI and vitamin D mea-
surements before initiation and after the IFN-f treatment.
The results were also stratified to the known leukocyte
antigen that interacts with vitamin D -HLA-DRB1%15. In
untreated patients with MS, increasing levels of 25-hy-
droxyvitamin D were inversely associated with radiologic
disease activity irrespective of their HLA-DRB1%15 status.
Similar findings were reported by Baarnhielm et al.”, who

investigated the association between previous exposure to
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ultraviolet radiation (UVR), vitamin D and HLA-DRB1*¥15
status and MS risk. They found that subjects with low
UVR exposure had a significantly increased risk of MS
compared with those who reported the highest exposure.
Similarly, subjects who had low vitamin D levels had an
increased risk for MS. There was no interaction with UVR
and HLA-DRBI1¥15 carriage.

In a recent prospective study, Stewart et al.2? showed
that IFN-p therapy in MS patients was associated with
greater production of vitamin D from sun exposure. They
also reported that 25(OH)D was associated with a reduced
relapse risk only among persons on IFN-p, and IFN-p was
only protective against relapse among persons with high-
er 25(OH)D, while among 25(0OH)D-insufficient persons,
IFN-p increased relapse risk. These findings suggest that
some part of the therapeutic effects of IFN-$ on relapse in
MS may be through modulation of vitamin D metabolism.

The role of vitamin D deficiency in the pathogenesis
of MS as well as the possible beneficial effect of vitamin
D supplementation on MS course was also supported by
the results of animal studies®16. It was shown that postna-
tal vitamin D deficiency induced an earlier onset and an
increased symptom severity in mice with experimental
autoimmune encephalitis (EAE), which is the animal model
of MS. Postnatally vitamin D-supplemented mice born to
vitamin D deficient mothers presented a delayed onset and
less severe symptoms of EAE.

Vitamin D was also suggested to strengthen the immu-
nomodulatory effect of DMT in MS patients. In the study
of Soilu-Haeninnen et al.2!, patient treated with vitamin D
and interferon beta presented fewer new T2 lesions on brain
MRI and a significantly lower number of T1 enhancing
lesions than the patients treated with interferon beta with-
out vitamin D. During follow-up, there were no significant
differences in adverse events or in the annual relapse rate.

The mechanisms underlying the role of vitamin D in
the immunological responses involved in MS pathogenesis
are not fully clarified. The best known function of vitamin
D is the regulation of calcium homeostasis, however, re-
cently more and more evidence indicate the role of vitamin
Dinbrain development and function, cell proliferation and
apoptosis, regulation of blood pressure and glycaemia, as
well as the proliferation, differentiation and regulation of
immune cells and immune responses®3. Vitamin D acts via
activation of the vitamin D receptor (VDR) which is a nu-
clear transcription factor regulating the expression of at
least 500 genes®17. This receptor is also found on other cell
membranes, however, the nuclear VDR seems to be pivotal

for the vitamin D — mediated immune response regulation.

The findings in animal models suggested that vitamin D
promotes the regulatory function of T cells. Cell cultures
studies showed that vitamin D is able to induce regulatory
T cells, shifting the Th1/Th2 balance in favor of Th2 cells,
as well as to inhibit their differentiation into Th17 cells8.

In patients with relapsing-remitting MS, vitamin D
status correlated negatively with the peripheral Thl/Th2
ratio. Accordingly, a positive correlation between vitamin D
levels and Thregulatory cells function was observed?’. The
results of high dose vitamin D supplementation in healthy
controls showed a tendency to increase in Th regulatory
cells number. In particular, an increase in IL-10 produc-
tion by peripheral blood mononuclear cells and a reduced
number of Thl7 cells was found. In MS patients, high-dose
vitamin D supplementation was associated with a reduced
Thl/Th2 ratio and an increased proportion of IL-10+ CD4+
T cells, but not in the increase in Th regulatory cells num-
ber. In another study, vitamin D increased the development
of IL-10 producing cells, and reduced the number of IL-6
and IL-17 secreting cells in MS patients?®.

Contrary to T cells, supplementation of high doses vi-
tamin D seems to not to exert any substantial effects on B
cell differentiation!t. However, some interaction between
vitamin D, EBV and other infections and B cells in MS have
been recently suggested?>.

In conclusion, many clinical and experimental data
support the important role of vitamin D deficiency in MS
pathogenesis and a beneficial effect of vitamin D supple-
mentation in MS treatment. ll
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