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Abstract: Multiple sclerosis is a common immune-mediated inflammatory and demyelinating
disease. Lower cholecalciferol levels are an established environmental risk factor in multiple scle-
rosis. Although cholecalciferol supplementation in multiple sclerosis is widely accepted, optimal
serum levels are still debated. Moreover, how cholecalciferol affects pathogenic disease mecha-
nisms is still unclear. In the present study we enrolled 65 relapsing-remitting multiple sclerosis
patients who were double-blindly divided into two groups with low and high cholecalciferol sup-
plementation, respectively. In addition to clinical and environmental parameters, we obtained pe-
ripheral blood mononuclear cells to analyze DNA, RNA, and miRNA molecules. Importantly, we
investigated miRNA-155-5p, a previously published pro-inflammatory miRNA in multiple sclero-
sis known to be correlated to cholecalciferol levels. Our results show decrease of miR-155-5p ex-
pression after cholecalciferol supplementation in both dosage groups, consistent with previous
observations. Subsequent genotyping, gene expression and eQTL analyses revealed correlations
between miR-155-5p and SARAF gene, which is playing a role in regulation of calcium re-
lease-activated channels. As such, the present study is the first to explore and suggests that the
SARAF miR-155-5p axis hypothesis might be another mechanism by which cholecalciferol sup-
plementation might decrease miR-155 expression. This association highlights the importance of
cholecalciferol supplementation in multiple sclerosis and encourages further investigation and
functional cell studies.

Keywords: multiple sclerosis; relapsing-remitting multiple sclerosis; micro RNA; miR-155-5p;
SARAF gene

1. Introduction

Multiple sclerosis is a common immune-mediated inflammatory and demyelinating
disease of the central nervous system, which makes it the leading cause of disability
among young adults [1,2]. Diagnosis in patients with suggestive clinical presentation is
made using McDonald's criteria of dissemination in space and time [3]. Nevertheless,
sometimes there is a necessity for increasing the diagnostic confidence of imaging with
oligoclonal bands or free light chains in cerebrospinal fluid [4]. Multiple sclerosis is a
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complex disease that results from genetic, epigenetic, and environmental factors, which
trigger autoimmune mechanisms, which in turn cause demyelination, subsequent axonal
damage, and neurodegeneration [5]. Cholecalciferol, generally known also as vitamin D,
is one of the main environmental factors involved in the pathogenesis of multiple sclero-
sis and it was previously shown that lower cholecalciferol serum levels are associated
with an increased risk of developing multiple sclerosis and greater disease activity [6,7].
However, the exact impact of cholecalciferol supplementation on disease activity remains
unclear and optimal serum levels and supplementation doses remain controversial.

In the last decade research data is showcasing that cholecalciferol serum levels are
associated with genes or genetic loci involved in cholecalciferol metabolism, transport,
and elimination [8]. These findings are leading to further research of these genetic loci
because of well-known correlations between the disease prevalence and geographic lat-
itude, which can be explained by the effect of ultraviolet radiation or cholecalciferol se-
rum levels [7,9-11]. However, the open question remains if genetic loci associated with
cholecalciferol serum levels are also related to disease susceptibility [12].

Additionally, epigenetic factors such as small non-coding microRNA molecules
(miRNAs) are dysregulated in many autoimmune diseases including multiple sclerosis
[13-18]. They are involved in the post-transcriptional regulation of gene expression[13].
MiR-155 is one of the main pro-inflammatory miRNAs playing role in the pathogenesis
of multiple sclerosis [16]. MiR-155 is encoded by the host gene MIRI55HG [16]. Overex-
pression of miR-155 has been noticed in active brain lesions and also in peripheral blood
cells [16,19]. The exerted pro-inflammatory effect of miR-155 has an impact on the infil-
tration of peripheral immune cells, causes demyelination via microglia activation, phag-
ocytosis of myelin by macrophages, differentiation of T-cells and also contributes to in-
creased permeability of the blood-brain barrier [19-21].

The roles of miRNA molecules in multiple sclerosis are flagged and proposed as
promising diagnostic biomarkers [13,22]. Furthermore, it was shown that miRNAs can
accurately differentiate patients with relapsing-remitting multiple sclerosis (RRMS) from
healthy controls [23]. Additionally, it was also shown that the biological active form of
vitamin D (1,25(OH):Ds) modulates and suppresses inflammation by down-regulating
miR-155 expression [24], which in turn establishes a bridge between miR-155 and chole-
calciferol. Nevertheless, studied and established associations between co-regulation of
genetic, epigenetic (miRNAs), and cholecalciferol supplementation are scarce.

Therefore, in order to investigate the possible interplay between cholecalciferol,
genetic and epigenetic factors,we conducted a double-blind randomized study during
winter time on a specific cohort of Slovenian relapsing-remitting multiple sclerosis
(RRMS) patients with the aim to explore the continuum of connections between
miR-155-5p expression, cholecalciferol supplementation, genetic variants, and
miR-155-5p genetic targets as follows:

1. Measure the miR-155-5p expression in peripheral blood mononuclear cells (PBMCs);

2. Profile the genome for variants associated with cholecalciferol uptake;

3. Stringently select genetic targets of miR-155-5p and extract genetic variants associ-
ated with cholecalciferol pathways ;

4. Calculate and assess expression quantitative trait loci (eQTLs) between aforemen-
tioned genetic variants, miR-155-5p, and miR-155-5p target genes;

5. Identify target genes where both eQTLs are observed and measure the expression of
the corresponding gene.

2. Materials and Methods
2.1. Subjects

We enrolled 65 patients with diagnosed relapsing-remitting multiple sclerosis from
the Department of Neurologic Diseases University Clinical Centre Maribor, Slovenia. The
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patients were double blindly divided into two groups for low dose (1000 IU per day) and
high dose (4000 IU per day) of cholecalciferol supplementation. All patients were aged 18
- 60 years, were on immunomodulatory therapy, and had Expanded Disability Status
Scale (EDSS) <5. The demographic data before supplementation is summarized in table 1.
Exclusion criteria were taking cholecalciferol supplementation during three month
wash-out period before the study, pregnancy or breastfeeding, relapse of the disease or
corticosteroid treatment in the last month, any viral or inflammatory disease at the en-
rollment, renal dysfunction, high calcium or parathyroid hormone, change of the im-
munomodulatory therapy in the last three months before enrollment, concomitant au-
toimmune diseases and anamnesis of hyperparathyroidism, liver disease, tuberculosis,
sarcoidosis or kidney stones. The patients were receiving oil suspension of cholecalciferol
(Fresuvit Ds, Fresenius Kabi Austria GmbH) during four winter months from November
until February. Before and after cholecalciferol supplementation EDSS and the Multiple
Sclerosis Functional Composite (MSFC) score were assessed. Sun Exposure Question-
naire [25] and Short Questionnaire for Assessment of Dietary Vitamin D Intake [26] dia-
ries were filled out during the study.

Table 1. Demographics of enrolled patients.

1000IU  4000IU P value

Sex (M/F) 11/23 11/20 0.800
Age (years) 39.749.5  42.249.2 0.261
MS duration (months)  9.3+4.7  10.7+6.4  0.485
EDSS 2.0+1.6 2.3+1.4 0.437
MSEC 0.4+0.4 0.2+0.6 0.451
Cholecalciferol 59.3+18.0 56.2422.0  0.650
Parathyroid hormone 41.8+19.3 46.0+16.8  0.147
Creatinine 62.4+119 66.5+14.8 0.269
Calcium 1.2+0.2 1.2+0.2 0.230
Phosphate 1.0+0.2 1.0+0.2 0.916
CRP 3.742.2 4.5+3.5 0.137

EDSS: Expanded Disability Status Scale; MSFC: Multiple Sclerosis Functional Composite;
CRP: C-reactive protein.

2.2. Sample collection

At the time of enrollment and at the end of the four-month period we collected 12
mL peripheral venous blood into potassium salt of Ethylene Diamine Tetra Acetic acid
(K2EDTA) tubes for mononuclear cell isolation and 3x6 mL into serum tubes for blood
biochemistry. Measured biochemistry parameters were serum cholecalciferol level using
Cobas e601 apparatus (Roche Diagnostics, Penzberg, Germany), creatinine, calcium,
phosphate, C-reactive protein using Siemens Dimesion Vista apparatus(Siemens
HealthCare Diagnostics, Newark, DE, USA) and parathyroid hormone using Cobas e411
apparatus (Roche).

2.3. DNA, mRNA, and miRNA extraction

DNA and mRNA were extracted from one portion of PBMCs using TRI-reagent
(Merck,Darmstadt, Germany) according to the manufacturer’s instructions. MiRNA was
extracted and purified from the other portion of PBMCs using miRNeasy Mini Kit (Qi-
agen, Germantown, Maryland, USA) according to the manufacturer’s instructions. Purity
and concentration of nucleic acids were assessed using Synergy 2 spectrophotometer
(Biotek, Winooski, VT, USA) and Qubit (Thermo Fisher, Waltham, MA, USA).
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2.4. MiR-155-5p RT-qPCR

MiRNA RT-qPCR was performed using miRCURY LNA RT Kit, miRCURY LNA
SYBR Green PCR Kit, and miRCURY LNA miRNA PCR Assay (Qiagen) according to the
manufacturer’s instructions. PCR Assays used were miR-155-5p as the target miRNA and
SNORD49A and SNORD38B as reference miRNAs. Target miRNA was normalized to the
geometric mean of reference miRNAs and expressed in linear form of 2-4¢t [27]. Statistical
analysis of miR-155-5p before and after cholecalciferol supplementation and between
groups was carried out using Wilcoxon paired samples rank test and Mann-Whitney
U-Test. Additionally, Linear Mixed Models using Ime4 R package [28] were performed
and fitted using the blocking technique, where a blocking factor was set as a random
variable and time point, cholecalciferol dosage, age, sex, and cholecalciferol levels were
used as covariates to correct for.

2.5. Genotyping, imputation, and association analysis

DNA was genotyped using genotyping microarray Infinium Global Screening Array
(GSA_24v3) and iScan apparatus (Illumina, San Diego, California, USA) according to
manufacturer’s instructions. Quality control of raw genotype data was performed as
previously described [29]. Genotype imputation was carried out using the Michigan
Imputation Server Minimac3 genotype imputation algorithm and using the Haplotype
Reference Consortium (HRC r1.1 2016) reference panel and SHAPEIT v2.r790 phasing
[30]. Association analysis was performed with change (A) in cholecalciferol values (post
minus pre) as an outcome variable using linear regression implemented in PLINK 2.0
(www.cog-genomics.org/plink/2.0/) [31]. To account for the non-normally distributed
outcome variable, a 2-step inverse normal transformation was performed using
FRGEpistasis R package [32]. Regression was corrected for sex, age, sun exposure, cho-
lecalciferol dosage, and first four principal components, and was performed using im-
puted allelic dosages.

2.6. Integration of genomics to miRNA-155-5p targets

Variants identified in association analysis were integrated with miRNA-155-5p tar-
get genes, which were listed in miRWalk database
(http://mirwalk.umm.uni-heidelberg.de/). Only target genes with a miRNA-gene binding
probability of 1.00 and with additional experimental MiRTarBase validation were se-
lected [33,34]. Binding site nucleotide sequence seeds for miRNA on selected target genes
were identified on GRCh37 DNA nucleotide sequences using BLAST
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) [35]. Genomic variants +200 bp (10times the av-
erage of the binding region length in order to expand the search region) from miRNA
binding seeds were extracted from association analysis and further analyzed. Evidence of
statistically significant signal was considered for variants with adjusted p-value <0.05.
Genotypes of statistically significant variants were extracted and assessed for eQTL with
miR-155-5p expression using linear mixed models using Ime4 R package [28] and fitted
using blocking technique where blocking factor was set as a random variable and time
point, sex, age, dosage, and genotype were used as covariates to correct for. For variants
with significant eQTL with miR-155-5p, additional dominant and recessive models were
tested. A statistical significant signal was considered at p-value <0.05.

2.7. RT-qPCR target gene validation

MiR-155-5p targets which were identified in miRNA-genomic integration were
validated using the reverse-transcription quantitative polymerase chain reaction
(RT-gqPCR) method. A total of 1 pug of extracted mRNA was transcribed into cDNA using
a high-capacity cDNA reverse transcription kit (Thermo Fisher, Waltham, MA, USA).
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Nucleotide sequences for mRNA of target gene SARAF (NM_016127.6) were retrieved
from the NCBI Nucleotide database (https://www.ncbi.nlm.nih.gov/nuccore/) and pri-
mers were designed using IDT OligoAnalyzer Tool (eu.idtdna.com/calc/analyzer). Nu-
cleotide sequences for the SARAF gene were as follows: FW 5- GTTTTGGCAG-
TGCTTTTACA - 3’ and RV 5 - ACGAGTCTGAGAAGGGTGTT - 3'. Primers were syn-
thesized by Sigma (Merck, Darmstadt, Germany). Primers for the reference genes ACTB
and B2M were obtained from a previous study [36]. RT-qPCR assays were carried out
using Lightcycler 480 SYBR Green I Master Mix and Lightcycler 480 real-time thermocy-
cler (Roche, Basel, Switzerland) according to manufacturer’s instructions. 2 puL of 20-fold
diluted cDNA (2.5 ng/pL) was used as a template for a single PCR reaction. Melting
curves of each sample were analyzed after each run in order to confirm amplification
specificity. Raw Ct values were obtained from independent technical duplicates for each
sample and normalization of raw Ct values was carried out using the geometric mean of
both reference genes and linear expression was calculated using 24t calculation [27] in
order to allow statistical analyses. Statistical analysis of SARAF expression before and
after cholecalciferol supplementation and between groups was carried out using Wil-
coxon paired samples rank test and Mann-Whitney U-Test. Additionally, Linear Mixed
Models using the Ime4 R package [28] were performed and fitted using the blocking
technique as aforementioned.

2.8 Statistical analyses

Data were analyzed using R 4.1.3 environment (R Core Team 2020, Vienna, Austria).
Statistical differences between nominal categorical variables were estimated using Fish-
er’s exact test. All continuous variables wefirst assessed for normality of distribution
using the Kolmogorov-Smirnov test of normality. Statistical differences of continuous
variables between two groups were assessed using Mann-Whitney U-Tests. Differences
between two timepoints were assessed using Wilcoxon signed rank test. Correlations
were estimated using Spearman rank correlations. The dosage effect of cholecalciferol
supplementation was estimated using Generalized Linear Models with A cholecalciferol
values (post minus pre) as an outcome variable corrected for sex, age, and consumption
of fish, milk, yogurt, margarine, and sun exposure.

3. Results

3.1. Estimation of cholecalciferol supplementation

First, we assessed the effect of cholecalciferol supplementation on blood serum lev-
els. In both groups receiving 1000 IU and 4000 IU of cholecalciferol supplementation, we
observed a statistically significant increase of cholecalciferol in serum (Figure 1A and 1B).
In the group receiving 1000 IU the rise in serum levels was from 59.3+18 to 72.5+16.2
nmol/L (p=3.6x10") and in the group receiving 4000 IU the rise in serum levels was from
56.2+22 to 106.5+32 nmol/L (p=1x10-). Between groups difference was also observed after
supplementation (p=1.2x105). Additionally fitted generalized linear models have also
shown a statistically significant effect of the dosage on blood serum cholecalciferol levels
(B: 39.98; P=5.9x104).
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Figure 1. Cholecalciferol levels between groups before and after supplementation. (a) Cholecalcif-
erol levels pre and post in 1000 IU group; (b) Cholecalciferol levels pre and post in 4000 IU group.

3.2. MiR-155-5p expression

We observed that miR-155-5p expression in PBMCs statistically significantly de-
creased in both groups receiving 1000 IU and 4000 IU of cholecalciferol supplementation
(Figure 2). In the group receiving 1000 IU of cholecalciferol supplementation, the
miR-155-5p expression decreased from 0.0015+0.0015 to 0.0008+0.0004 (P=1.53x10+*). In
the group receiving 4000 IU of cholecalciferol supplementation the miR-155-5p expres-
sion decreased from 0.0013+0.0011 to 0.0009+0.0004 (P=0.021). Additionally, linear mixed
models were applied in order to confirm the decrease between timepoints with correction
for cholecalciferol dosage, age, sex, and cholecalciferol levels. We again observed that
miR-155-5p levels statistically significantly decreased (F: 9.541; P=0.0027). However, be-
tween groups difference was not observed after supplementation (p=0.372).
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Figure 2. MiR-155-5p expression levels between groups before and after supplementation. (a)
MiR-155-5p expression levels pre and post in 1000 IU group; (b) MiR-155-5p expression levels pre
and post in 4000 IU group.

3.3. MiR-155-5p targets, integration to genomics and eQTL estimation

70 miR-155-5p targets were chosen from the miRWalk database and GRCh37 DNA
nucleotide sequence seed correspondence was obtained (Table 51). Genomic variants in
genomic regions ranging +200 bp from validated miRNA binding seeds were extracted
from association analysis data and three variants identified as statistically significantly
associated with change in cholecalciferol levels are presented in Table 2.
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Table 2. Statistically significant genomic variants associated with change in cholecalciferol levels
located within miR-155-5p binding seeds region.

Variant Gene Location P value
rs2271367 SARAF Chr8:29923732 0.024
1574849864 TCF4 Chr18:52924695 0.022

rs62129063 SMARCA4 Chr19:11136006 0.048

Genotypes of statistically significant variants were extracted and assessed for eQTL
with miR-155-5p PBMC expression. We observed statistically significant eQTL with
miR-155-5p only for rs2271367 (F: 6.630; P=0.003), but not for rs74849864 (F: 0.602;
P=0.442) and rs62129063 (F: 1.065; P=0.307). Moreover, recessive model for the G allele of
rs2271367 was also proven to be in statistically significant eQTL with miR-155-5p ex-
pression (F: 12.924; P=7x10+4).
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Figure 3. eQTL estimation and delta cholecalciferol levels per rs2271367 genotypes. (a) Delta
miR-155-5p levels per genotype; (b) Delta cholecalciferol levels per genotype.

Additionally, it is clearly visible that A miR-155-5p levels and A cholecalciferol levels
are inversely correlated through trends, but a statistically significant correlation couldn’t
be observed (g: 0.171; P=0.172) (Figure 3). It is clearly shown that the maximal decrease in
miR-155-5p PBMCs expression was observed within GG genotype, while the maximal
increase in cholecalciferol blood serum levels was also observed within GG genotype.
Furthermore, eQTL of rs2271367 and SARAF gene was also observed in GTExPortal da-
tabase in whole blood (NES:-0.10; P=1.1x107) and sun-exposed skin (NES:-0.20;
P=7.0x10-3) [37].

3.4. Target gene expression

Based on the aforementioned results,the SARAF gene was chosen as the target gene
to be validated using the RT-qPCR method. Trend of up-regulation of SARAF gene ex-
pression was observed in both groups.
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Figure 4. SARAF gene expression levels. (a) SARAF expression levels pre and post in 1000 U
group; (b) SARAF expression levels pre and post in 4000 IU group.

However, statistical significance was observed only in the group receiving 4000 IU
(P=0.046), but not in the group receiving 1000 IU (P=0.256).Additionally, no statistically
significant differences were observed between groups pre (P=0.163) or post (P=0.378)
cholecalciferol supplementation. Subsequently, linear mixed models were also applied in
order to assess the SARAF gene up-regulation corrected for cholecalciferol dosage, age,
sex, and cholecalciferol levels, but despite the trend statistically significant difference
between timepoints was not observed (F: 0.995; P=0.321).

4. Discussion

In the present study, we assessed the relationship between cholecalciferol supple-
mentation, miR-155-5p expression, miRNA’s target genes, and genetic variants in Slove-
nian patients with RRMS. The first step consisted of measuring the miR-155-5p expres-
sion in patients’ PBMCs before and after supplementation with cholecalciferol. The re-
sults have shown that miRNA expression statistically significantly decreased in both
groups and differences in expression between groups were not observed at any point.
MiRNAs are short regulatory RNA molecules,which are playing a pivotal role in the
modulation of gene expression at the post-transcriptional level [13]. It is also known that
a single miRNA molecule can target and change the expression of many genes or possi-
bly many other miRNAs and thus, showing a significant fundamental role in physiolog-
ical processes [38]. MiR-155 was previously associated with various conditions, auto-
immunity, and inflammation states, including multiple sclerosis, neuroinflammation,
and other neurological disorders [14-18]. Different mechanisms for miR-155 were pro-
posed in the development of multiple sclerosis. It was suggested that miR-155 promotes
blood-brain barrier disruption, promotes demyelination, promotes the development of
neuropathic pain, and thus leads to neuropsychiatric complications in patients with
multiple sclerosis [16]. Previous studies have also shown that miR-155 expression was
higher in patients with multiple sclerosis in comparison to the controls in peripheral
blood leukocytes [20,39]. Furthermore, it was shown that inhibition of miR-155 expres-
sion is effective in preventing processes, which are involved in the pathophysiology of
multiple sclerosis [16]. A recent study also suggested that miR-155 expression together
with miR-145 expression in PBMCs is associated with RRMS [22]. However, the later
study has also demonstrated contradictory findings that higher levels of miR-155 and
miR-145 expression was observed in controls and not RRMS patients [22]. Nevertheless, a
recent study involving rheumatoid arthritis, also an autoimmune disease, has shown that
down-regulation of molecular axis involving miR-155-5p relieved the disease progres-
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sion [40], thus implicating that the decrease of miR-155 plays a crucial role in relieving
autoimmune inflammation states.

The second step of the present study was to profile the genome for genetic variants
which are associated with cholecalciferol uptake. In order to assess the association of
genetic variants with cholecalciferol supplementation, the serum levels of cholecalciferol
were a priori assessed. Both groups have shown a statistically significant increase in cho-
lecalciferol serum levels after supplementation. Between groups difference was also ob-
served after supplementation where the group receiving 4000 IU exhibited significantly
higher cholecalciferol serum levels. Subsequently, genome-wide association analysis was
performed in order to explore the associations of the variants with A cholecalciferol levels
and targeted approach was used in order to identify the variants of interest. Targeted
approach was based on the selection of variants harboring near miRNA-155-5p binding
seeds on corresponding target genes extracted from miRWalk database. We found three
statistically significant signals: 1s2271367 (SARAF), rs74849864 (TCF4), and rs62129063
(SMARCA4). To the best of our knowledge, none of the aforementioned variants was
previously associated with any phenotype or trait.

Additionally, eQTLs of the variants with miR-155-5p were assessed and only for
rs2271367 an eQTL with miRNA was observed. Additional eQTL of rs2271367 with cor-
responding SARAF gene is also evident from GTExPortal database [37] where eQTLs are
listed in whole blood and sun-exposed skin, which indirectly additionally confirms the
association of the rs2271367 with cholecalciferol in PBMCs. When assessing the
miR-155-5p expression and cholecalciferol serum levels, we observed inverse correlation,
but the threshold levels for statistical significance were not met, but on the other hand, it
is clearly visible that the maximal decrease in miR-155-5p expression was observed
within GG genotype, while the maximal increase in cholecalciferol blood serum levels
was also observed within GG genotype.

In the third and final step of the present study, we studied and evaluated the ex-
pression of the SARAF gene in PBMCs, which was identified as miR-155-5p target and is
associated with the variant rs2271367 in cholecalciferol association analysis. Both groups
have shown up-regulated SARAF gene expression, but statistical significance was ob-
served only for the 4000 IU group. Store-operated calcium entry associated regulatory
factor (SARAF) is involved in regulation of store-operated calcium entry and it is located
in the endoplasmic reticulum (www.genecards.org). It negatively regulates Ca? entry
involved in protecting cells from Ca?* overfilling thus preventing the overload of the cells
with excessive Ca? ions (www.genecards.org). SARAF gene is directly associated to
cholecalciferol supplementation since cholecalciferol is responsible for maintaining the
extracellular calcium concentrations by controlling the absorption of calcium and by di-
rectly exerting effects on bone and parathormone secretion [41]. In response to intracel-
lular Ca? rise, SARAF cooperates with STIM1 inactivation domain and subsequently
controls calcium release-activated channels (CRAC) channel Ca?-dependent inactivation
[42]. Additionally, SARAF is required for proper T-cell-evoked transcription insinuating
that SARAF fine-tunes intracellular Ca?" responses and subsequent downstream gene
expression in immune cells [42].

Based on the results obtained in the present study we hypothesize that cholecalcif-
erol supplementation induces up-regulation of the SARAF gene through cholecalcifer-
ol-maintained calcium concentration, which in turn exerts an effect through a possible
negative feedback loop between SARAF and miR-155-5p expression. Moreover, it was
observed that the effect of cholecalciferol supplementation is also genotype dependent,
suggesting the possible negative feedback loop is variant driven.

However, our results are in discrepancy with a previous study which found that
SARAF may be preferentially expressed in patients with multiple sclerosis [43]. The
study has shown that SARAF induced the expression of pro-inflammatory cytokines, but
not anti-inflammatory cytokines [43]. These findings are partially supported with find-
ings, which indicate that SARAF contributes to T-cell activation through the promotion of
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TCR-mediated signaling via Ca?*-calcineurin-nuclear factor of activated T-cells (NFAT)
pathway [42]. However, it has to be stated that the NFAT pathway is ambiguous. On one
hand, NFAT controls the expression of many pro-inflammatory cytokines, but on the
other hand, NFAT has an important role in immune tolerance controlling the differenti-
ation and function of T regulatory and IL-10 producing B regulatory cells, which are re-
quired for immune homeostasis and crucial in preventing autoimmunity [44-47]. The
latter findings are in favor of the established hypothesis in the present study. Notewor-
thy, in the study where SARAF was preferentially expressed in patients with multiple
sclerosis, the expression was 3-fold higher in patients in comparison to the controls [43],
whereas in the present study, we observed the increase of SARAF expression at a much
lesser magnitude and on the interval between pre- and post-supplementation timepoints.
Moreover, we didn’t observe any statistically significant increase in parathormone or
calcium levels in both groups (data not shown), which indicates that the proposed nega-
tive feedback loop between SARAF and miR-155-5p expression operates in an environ-
ment with maintained homeostasis despite the cholecalciferol supplementation.

Both studies where discrepancies between miR-155 or SARAF expression in regard
to the present study were observed were also performed on particular Iranian and Bah-
rain populations [22,43]. In the later study authors also pointed to particular Middle East
and Gulf region populations and stated that further studies are required in order to elu-
cidate the role of the SARAF gene in multiple sclerosis [43], depicting awareness of ge-
netic heterogeneity between different populations.

Moreover, it was also shown that 1,25(OH)2Ds modulates innate immune axis in
mice and suppresses inflammation by down-regulating miR-155 expression [24,48],
which in turn further supports the connection between cholecalciferol and miR-155 reg-
ulation. It is believed that 1,25(OH):Ds down-regulates bic transcription by blocking
NF-«B and thus, decreases the expression of miR-155 [24]. Additionally, in another study
significant dysregulation between cholecalciferol serum levels and miR-155/miR-146a
was observed in RRMS Turkish patients [49]. Considering the aforementioned state-
ments, the SARAF miR-155-5p axis hypothesis might be another mechanism by which
cholecalciferol supplementation might decrease miR-155 expression.

The main limitation of the present study is the lack of a control group and thus,
miRNA or SARAF expression was not available for a case-control analysis. However, we
acknowledge a homogenous Slovenian cohort with RRMS as the strength of our study.
Additionally, our analyses were adjusted to environmental confounding variables such
as sun exposure and diet in order to avoid over-estimation of an effect.

5. Conclusions

In summary, our study used a unique approach to investigate the interplay of cho-
lecalciferol supplementation, miR-155-5p expression, genetic variants, and SARAF gene
expression. To the best of our knowledge, this is the first time that this continuum of
connection was explored and yielded the hypothesis of miRNA-155-5p down-regulation
through a proposed negative feedback loop driven by cholecalciferol supplementation
via SARAF gene expression. The present study firmly warrants further investigations
using functional cell models and on a larger-scale clinical trial in order to elucidate the
proposed mechanism.
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