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Abstract: A marked increase in the incidence of autoimmune diseases in the past half-a-century has been observed. MS (multiple
sclerosis) is one of the most common chronic immune-mediated inflammatory diseases of the central nervous system in young adults
which is characterized by inflammatory demyelination and neurodegeneration with unpredictable effects lasting for the rest of their
lives. The aim of the MS treatment is to prevent the demyelination and the reduction of axonal loss. Drugs approved for use in MS
which reduce the frequency of exacerbations or slow disability progression are referred as DMDs (disease-modifying drugs).
Additional treatments of MS include: dietary supplementation, herbal medicine intake, vitamin D3 and vitamin B supplementation
and relaxation techniques. However, little is known about the environmental factors that directly influence Th17 cells. Increased salt
(sodium chloride) concentrations found locally under physiological conditions in vivo markedly boost the induction of murine and
human Th17 cells. Pathogenic IL-23-dependent Th17 cells have been shown to be critical for the development of EAE (experimental
autoimmune encephalomyelitis) along with some genetic risk factors.
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factors must ultimately be driving this increase [7].

2. High Sodium Intake and MS Attacks

Recently, salt has been shown to modulate the
differentiation of human and mouse Th17 cells. Mice
fed on a high-sodium diet were described to develop
more aggressive courses of experimental autoimmune
encephalomyelitis. However, the role of sodium intake
in MS has not been addressed. For that reason, Farez
et al. aimed to investigate the relationship between salt
consumption and radiological and clinical disease
activity in MS patients [6].

The study involved two separate groups of patients
with MS. One group included 70 individuals with
frequently relapsing MS was followed longitudinally
for 2 years. The patients' sodium intake was measured
from urine and serum samples and regression analysis
was used to determine the effect of the intake on their
disease activity [2]. The findings were then replicated
in a separate group of 52 patients with MS.

3. SGK1 a Major Player in the Induction of
Pathogenic Th17 Cells

Th17 cells IL-17 (interleukin-17)-producing helper
T cells are highly proinflammatory cells, critical for
clearing extracellular pathogens and for inducing
multiple autoimmune diseases. IL-23 has a critical
role in stabilizing and reinforcing the Th17 phenotype
by increasing expression of IL-23R (IL-23 receptor)
and endowing Thl17 cells with pathogenic effector
functions. However, the precise molecular mechanism
by which IL-23 sustains the Thl7 response and
induces those pathogenic functions has not been
elucidated. Transcriptional profiling was used to
construct a model of developing Th17 cells of their
signaling network and nominate major nodes that
regulate Th17 development. The authors identified
SGK1

serine/threonine

(serum  glucocorticoid kinase 1), a

kinase, as an essential node
downstream of IL-23 signaling. SGK1 is critical for

regulating IL-23R expression and stabilizing the Th17

cell phenotype by deactivation of mouse Foxol, a
direct repressor of IL-23R expression. SGK1 has been
shown to govern Na' transport and salt (NaCl)
homeostasis in other cells. It was shown that a modest
increase in salt concentration could induce SGKI1
expression, promote IL-23R expression and enhance
Th17 cell differentiation in vitro and in vivo,
accelerating the development of autoimmunity. Loss
of SGK1 abrogated Na'-mediated Th17 differentiation
in an IL-23-dependent manner.

These data demonstrate that SGK1 has a critical
role in the induction of pathogenic Thl7 cells and
provide a molecular insight into a mechanism by
which an environmental factor such as a high salt diet
triggers Th1l7 development and promotes tissue
inflammation [8].

The newly identified population of interleukin
(IL)-17-producing CD4 (+) helper T cells (Th17 cells)
has a pivotal role in autoimmune diseases. Pathogenic
IL-23-dependent Th17 cells have been shown to be
critical for the development of EAE (experimental
autoimmune encephalomyelitis) in an animal model
for multiple sclerosis, and genetic risk factors
associated with multiple sclerosis are related to the
IL-23-Th17 pathway. However, little is known about
the environmental factors that directly influence Th17
NaCl)
concentrations found locally under physiological

cells. Increased salt (sodium chloride,
conditions in vivo markedly boost the induction of
murine and human Th17 cells. High-salt conditions
activate the p38/MAPK pathway involving nuclear
factor of activated T cells 5 (NFATS; also called
TONEBP) and serum/glucocorticoid-regulated kinase
1 during cytokine-induced Thl7 polarization. Gene
silencing or chemical inhibition of p38/MAPK,
NFATS5 or SGKI1 abrogates the high-salt-induced
Th17 cell development [7].

4. Correlation between Exacerbation Rates
and Sodium Intake

High-salt diet induces Th17 cells in vivo and
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exacerbates experimental autoimmune
encephalomyelitis. Naive murine CD4 cells were
stimulated with radiated APC, anti-CD3, IL-6 and
TGF-B1 in the presence (NaCl) or absence of NaCl
and were analysed by FACS. IL-17A secretion of
primary splenocytes was measured by ELISA, after
their stimulation by anti-CD3 in the presence or
absence of NaCl. Spinal cord from EAE animals was
from EAE

animals were analysed by qRT-PCR after they were

analysed by qRT-PCR. Splenocytes

re-stimulated with MOG for 2 days and supernatants
were analysed for IL-17A and IFN-y by ELISA or
cells were analysed for IL-17A by FACS. The authors
found a positive correlation between exacerbation
rates and sodium intake in a multivariate model
adjusted for gender, age, disease duration, vitamin D
levels, smoking status or body mass index. They
discovered an exacerbation rate that was about three
times more common in patients with medium salt
intake or nearly four times higher for the group with
high sodium intake compared to the low-intake group.
Additionally, individuals with high-sodium intake had
an increased chance of developing a new lesion on the
MRI and on average had eight more T2 lesions on
MRI. A similar relationship was found in the
independent replication group [6].

The Th17 cells generated under high-salt conditions
displayed a highly pathogenic and stable phenotype
characterized by the upregulation of the
pro-inflammatory cytokines GM-CSF, TNF-a and
IL-2.

Moreover, mice fed with a high-salt diet developed
a more severe form of EAE, in line with augmented
central nervous system infiltrating and peripherally
induced antigen-specific Th17 cells. Thus, increased
dietary salt intake might represent an environmental
risk factor for the development of autoimmune
diseases through the induction of pathogenic Th17
cells [7].

5. Conclusion

These results suggest that higher sodium intake is
associated with increased clinical manifestation of the
disease activity in patients with MS. Larger studies are
needed in order to adjust the salt consumption from MS

patients or to prove the health benefits from reducing it.
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