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Abstract

Background: The most common demyelinating
disease of nerve fibers in the brain and spinal cord is
multiple sclerosis (MS) which is associated with several
disabilities. By early diagnosis and treatment of MS,
the progression of disability can be slowed down. For
this purpose, our study aims to identify diagnostic
micro ribonucleic acids (miRNAs) and their target
genes in MS.

Methods: For the screening of up-regulated and
down-regulated genes and miRNAs in patients with
MS, GSE17846 (platform: GPLgoz0, 20 MS samples
and 21 control samples), GSE108000 (platform:

GPL570, 7 chronic active MS lesions, 8 inactive MS
lesions, and 10 controls), and GSE135511 (platform:
GPL6883, 20 cases of MS and 10 controls) were
extracted from the Gene Expression Omnibus (GEO)
database and analyzed based on criteria |log2 (fold
change)| > 1 and P-value < o.05. Protein-protein and
miRNA-messenger ribonucleic acid (mRNA) interaction
networks were constructed by Cytoscape version 3.9.1
and then, miRNAs and common target genes were
detected in MS. Finally, functional enrichment analysis
of common target genes was obtained.
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Biomarkers in multiple sclerosis

Results: 9 diagnostic miRNAs, including hsa-miR-107,
hsa-miR-574-5p, hsa-miR-1206, hsa-miR-142-3p, hsa-
miR-1275, hsa-miR-140-5p, hsa-miR-1207-5p, hsa-
miR-613, and hsa-miR-1258 were identified. We also
detected 12 target genes for these miRNAs involved in
MS. The genes were PLXDC2, Potassium voltage-
gated channel subfamily C member 1 (KCNCz), FCGBP,
MS4A6A, SNAP25, CCL2, FGF13, GABRG2, SLC5A3,
KCNC2, MAL2, and HTR5A.

Conclusion: This research introduces miRNAs and their
target genes associated with MS as biomarkers to
develop new diagnostic and treatment methods.
However, this research can be enhanced by additional
validation procedures, such as in vitro and in vivo tests
of these discovered biomarkers.

Introduction

The nervous system's axons are surrounded by a
lipid-rich protective membrane structure called the
myelin sheath. This coating acts as insulation and
is necessary for the proper functioning of the
nervous system in vertebrates. The myelin sheath
plays an important role in the rapid impulse
transmission along the axon.! In young adults,
multiple sclerosis (MS) is the most frequent
demyelinating cause in the various regions of the
central nervous system (CNS) which is mediated
by an autoimmune dysfunction.? In this disease,
aberrant autoantibodies mistakenly attack myelin
and damage it. Nerve conduction is blocked by
demyelination. Lesions in the CNS lead to severe
physical or cognitive disability and neurological
problems. In particular, demyelination of the spinal
cord causes significant neurological disabilities in
patients.2® In recent decades, the incidence and
prevalence of MS have been increasing in developed
and developing countries which is associated with
an enormous economic burden.

MS is still a complex and unknown disease. The
multiple risk factors for this disease have been
mentioned. Smoking, gender, being infected with
some viruses, having low levels of vitamin D,
being overweight, and genetic factors are the most
important risk factors for MS.5

To diagnose MS, laboratory tests and imaging
are performed. Delayed diagnosis of MS is a
common problem in many countries. Identifying
the disease in the early stages has not only shown
better treatment results but can also greatly reduce
the economic burden. Nowadays, the use of
molecular methods is very useful for rapid
diagnosis of inflammatory diseases and
investigations of treatment responses.2¢7 Therefore,
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detecting sensitive and specific diagnosis
biomarkers for MS can be useful in this field.

In a cell, a set of different types of molecular
interactions can be shown in the form of biological
networks called interactomes. The interactome
network displays relationships among various
groups of macromolecules such as proteins,
carbohydrates, lipids, and nucleic acids. Protein-
protein interaction networks (PPINs) and gene
regulatory networks (GRNs) are two applicable
intercoms.810 PPIN provides useful information
about molecular functions and their coordination
by showing the physical interactions between
proteins in a cell, which is the basis for cellular
processes. Therefore, PPIN results can be used to
identify key proteins for the development of
valuable diagnostic biomarkers. GRNs are
employed to identify regulatory modules that
impact cellular processes and disease phenotypes.
Regulatory interactions between genes that are
mediated by transcription factors can be checked
well in this type of network. As a result, they are
an effective tool for finding biomarkers. The
combination of PPINs and GRNs allows us to more
precisely identify biomarkers.1-14

A wide range of biological processes are
controlled by non-coding oligonucleotides called
micro ribonucleic acids (miRNAs). Regulatory
functions are the most important roles of this class
of molecules. Various factors change miRNA
expression. In the last decade, it has been proven
that one of the factors of miRNA change is
diseases; thus, these molecules can be used as
biomarkers to diagnose various diseases.!>
Alterations in numerous miRNAs have been
reported in many diseases related to the nervous
system, including MS, Huntington’s disease (HD),
Alzheimer’s disease (AD), Parkinson’s disease
(PD), stroke, and epilepsy. Recent research has
shown that glial cells and immune cells are
strongly affected by miRNAs in MS. A change in
the expression of miRNA leads to a change in the
expression of a group of genes, which itself leads
to a wide change in biological processes.16-18

In most studies to investigate potential
biomarkers for MS disease, miRNAs or altered
proteins have been studied separately or one
expression profile has been used for analysis. The
merging of the functional interactions between
miRNAs and their target genes enables the
development of strong biomarkers, which was
carried out in this study by analyzing three
expression profiles.
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Considering the importance of early diagnosis
of MS, this study was conducted to find diagnostic
biomarkers for this disease. First, up-regulated
and down-regulated genes and miRNAs in 3
datasets of the Gene Expression Omnibus (GEO)
database were analyzed. Next, miRNA target
genes were obtained. Finally, two interactome
networks, protein-protein and miRNA-messenger
ribonucleic acid (mRNA) interaction networks,
were applied to predict diagnostic miRNAs and
their target genes in MS.

Materials and Methods

Acquisition of suitable microarray data for MS:
The GEO database is an international free
repository for access to genomic datasets. In this
web-based tool, researchers can access different
types of information such as gene expression
profile, genome binding/occupancy profile,
genome methylation profile, genome variation
profile, non-coding ribonucleic acid (ncRNA)
profile, and many more.! Therefore, the GEO site
was used as a high-throughput gene expression
data repository to retrieve datasets related to the
expression profiles of patients with MS. Data
should have both patient samples and healthy
controls, they should include miRNA or mRNA
expression profiles by an array, and the sample
size should be sufficient and available. Quality
control measures were performed using the
GEOquery R package, which included checking
and creating normalization plots of differentially
expressed genes (DEGs).

Screening of up-regulated and down-regulated
genes and miRNAs: In this step, genes with
different expression levels should be identified
between healthy and diseased groups. For this
purpose, GEO2R was used. GEO2R is a very
practical and useful tool in the GEO database,
which allows the comparison of expression
profiles of several groups. GEO2R uses the R
programming language and performs analysis of
variance (ANOVA) or t-tests.20 In this tool, at least
2 up to 10 groups can be analyzed for comparison.
Based on |log2 (fold change)| > 1 and P-value
< 0.05, up-regulated and down-regulated genes
and miRNAs were selected.

Detecting diagnostic miRNAs and their target
genes in MS: Venn diagram screened common
DEGs in GSE108000 and GSE135511 datasets at
https:/ /bioinformatics.psb.ugent.be/webtools/
Venn/. PPINs were constructed with degrees 1 to
8 for common DEGs. DIANA-microT is a free web
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server that predicts targets for miRNAs using
various biological sources. DIANA-microT relies
on curated and high-quality databases, including
TarBase and miTG score, to validate miRNA-
mRNA interactions.?? The DIANA-microT 2023
server obtained target genes of differentially
expressed miRNAs (DEMs) in GSE17846. Finally,
miRNAs with common target genes were filtered
and the final miRNAs-mRNAs network was
constructed by Cytoscape version 3.9.1 software.
Cytoscape is one of the open-source software
packages for drawing and modeling different
types of networks, such as protein-protein
interaction, miRNAs-mRNAs interaction, and long
ncRNA  (IncRNA)-miRNA-mRNA  interaction
networks. This software allows the analysis of
interactions by three main parameters:
betweenness, degree, and closeness.?? In this study,
the degree which is the number of connections of
each protein within the network was considered.

Functional enrichment analysis of common
target genes: The DAVID program is a useful
database for annotation, visualization, and
integrated discovery. This program categorizes a list
of genes in terms of function by a new algorithm.
To analyze common biological pathways related to
the overlapped genes, we used the DAVID program
at https:/ /david.ncifcrf.gov/. Common DEGs were
listed in the search box of the DAVID program;
official gene symbol was selected as an identifier.
The species was limited to Homo sapiens. In this
study, we analyzed two major categories of
gene annotation: Gene Ontology (GO) terms,
including Biological Process (BP), Molecular
Function (MF), Cellular Component (CC), and
Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathways. We initially considered all GO
and KEGG terms provided by DAVID. Finally, five
top clusters of functional enrichment analysis in
common target genes were filtered with a
significance threshold of P < 0.05.

Results

Acquisition of suitable microarray data for MS:
According to the selection criteria, three gene
expression profiles, including GSE17846 with
miRNA expression profile, GSE108000, and
GSE135511 with mRNA expression profiles, were
extracted from the GEO database. All three profiles
belonged to humans and had both patient and
healthy control samples, sufficient sample size,
and the ability to be analyzed with GEO2R.
GSE17846 with platform GPL9040 involves 20 MS
samples and 21 control samples.
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Figure 1. Volcano plots of genes with different expression levels in GSE17846, GSE108000, and GSE135511, respectively

GSE108000 is established on the annotation
platform of GPL570 and consists of 7 chronic active
MS lesions, 8 inactive MS lesions, and 10 controls.
The platform of GSE135511 is GPL6883, and there
are 20 cases of MS brains and 10 controls.

Screening of up-regulated and down-regulated
genes and miRNAs: Genes with different
expression levels were analyzed by GEO2R based
on |log2 (fold change)| > 1 and P-value < 0.05.
In the dataset GSE17846, 30 up-regulated and
6 down-regulated miRNAs were shown. In
GSE108000, DEGs between the healthy and
diseased groups with MS lesions were 330
up-regulated and 412 down-regulated genes.
About GSE135511, 117 up-regulated and 118
down-regulated genes were detected. Volcano
plots of DEGs in 3 datasets are shown in figure 1.

Detecting diagnostic miRNAs and their target
genes in MS: After GB_ACC IDs were converted to
gene symbols, 636 DEGs in GSE108000 were
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compared with 227 DEGs in GSE135511 as unique
elements by the Venn diagram. Based on the Venn
diagram, 33 common DEGs in GSE108000 and
GSE135511 were obtained (Figure 2) that 22 genes
of which were in interaction in Cytoscape software
(Figure 3).

Figure 2. Venn diagram of cm differentially
expressed genes (DEGs) in GSE108000 (blue
circle) and GSE135511 (red circle)

N

Figure 3. Protein-protein interaction networks (PPINs) of common differentially expressed genes (DEGS)

in GSE108000 and GSE135511
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Target genes of DEMs in GSE17846 by
Cytoscape software, 5996 nods 8233 edges were
shown. After filtration of miRNAs with common
target genes in GSE108000 and GSE135511, the
final miRNAs-mRNAs network was constructed
(Figure 4). This network consists of 12 mRNAs
including PLXDC2, potassium voltage-gated
channel subfamily C member 1 (KCNC1), FCGBP,
MS4A6A, SNAP25, CCL2, FGF13, GABRG?2,
SLC5A3, KCNC2, MAL2, and HTR5A. In our
research,
hsa-miR-107,  hsa-miR-574-5p,  hsa-miR-1206,
hsa-miR-142-3p, hsa-miR-1275, hsa-miR-140-5p,
hsa-miR-1207-5p, hsa-miR-613, and hsa-miR-1258
were identified as 9 key miRNA nods.

hsa-miR-1275
KCNGT™ HTRSA

hsa-miR-1207-5p

"~ #

/ hsa-miRR-142-3
o _ hsamiR-tor o™ P
PLX'ECZ
hsa-miR-1258

Figure 4. The final micro ribonucleic acids (miRNAS)-
messenger ribonucleic acids (MRNAs) network (yellow
and blue represent miRNAs and mRNAs, respectively)

Functional enrichment analysis of common
target genes: Functional enrichment analysis of
common target genes was carried out by the
DAVID program. Based on the results of this
database, functional clusters were detected. In
table 1, the five top clusters with category, term,
gene count, P-value, and genes are shown.
33 common DEGs evolve in ion channel binding,
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synapse, voltage-gated potassium channel activity,
presynaptic membrane, and potassium ion
transmembrane transport pathways.

Discussion

Cerebrospinal fluid (CSF) analysis, clinical
reviews, and magnetic resonance imaging (MRI)
results are used in the diagnosis of MS. These
methods have several disadvantages, including
the possibility of misdiagnosis, high costs, and
inconvenience.? In recent years, the importance of
molecular biomarkers in various fields has been
increasingly recognised.?*2> Due to the relationship
between MS and the neuro-immune system, this
disease is associated with changes in the
expression of many genes in the immune system
and the nervous system.?6?7 Several studies have
explored the role of miRNAs as diagnostic and
prognostic biomarkers.?? In addition to disease
diagnosis, miRNAs are also used in the monitoring
of diseases and in the evaluation of response to
treatment. Considering the importance of
identifying biological biomarkers as a non-invasive,
cost-effective, and reliable diagnostic tool in the
diagnosis of MS, this study was conducted to
introduce diagnostic biomarkers in MS. In this
study, up- and down-regulated genes and miRNAs
were analyzed in three datasets (GSE17846,
GSE108000, and GSE135511), target genes of
miRNAs were extracted, functional enrichment
analyses on common target genes were performed,
and a network of miRNAs was finally constructed.

According to our findings, in the miRNAs-
mRNAs network, 12 mRNAs which include
PLXDC2, KCNC1, FCGBP, MS4A6A, SNAP25,
CCL2, FGF13, GABRG2, SLC5A3, KCNC2, MAL2,
and HTR5A are among the hub DEGs in MS
disease. Additionally, hsa-miR-107, hsa-miR-574-
5p, hsa-miR-1206, hsa-miR-142-3p, hsa-miR-1275,
hsa-miR-140-5p, hsa-miR-1207-5p, hsa-miR-613,
and hsa-miR-1258 were identified as 9 top
miRNA nods.

Table 1. Top clusters of functional enrichment analysis of 33 common target genes

Category Term Gene  Statistical Genes
count P
GOTERM_MF_DIRECT lon channel binding 5 8.53E-05 SNAP25, KCNC1, KCNC2,

UP_KW_CELLULAR_C
OMPONENT

Synapse

GOTERM_MF_DIRECT Voltage-gated potassium

channel activity
Presynaptic membrane
Potassium ion

GOTERM_CC_DIRECT
GOTERM_BP_DIRECT

transmembrane transport

FGF13, SLC5A3

6 0.002091  SNAP25, GABRA1, KCNC1,
SLC32A1, KCNC2, GABRG2
3 0.004889 SNAP25, KCNC1, KCNC2
3 0.016453 SNAP25, KCNC1, KCNC2
3 0.017882 SNAP25, KCNC1, KCNC2
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Our results show that synaptosomal-associated
protein 25 (SNAP25) is one of the major DEGs in
MS. In the miRNAs-mRNAs network, hsa-miR-
574-5p and hsa-miR-613 affect the expression of the
SNAP25 gene. This gene interferes with ion
channel binding, voltage-gated potassium channel
activity, synapse, presynaptic membrane, and
potassium ion transmembrane transport. Synaptic
dysfunction in MS is one of the reasons for the
delay in message transmission in patients with
MS.30 Due to the important actions of SNAP25 in
the synapse, changes in the regulation of the
expression of this gene may be related to this
disorder. SNAP25 is important in synaptic
transmission and neurotransmitter release. Based
on the studies, miR-146a affects the expression of
SNAP25, and thus can play a role in demyelination
and axonal loss.?! In addition, Xu et al. reported
that hsa-miR-574-5p and hsa-miR-613 were among
the key DEMs in MS formation.32

The plexin domain containing 2 (PLXDC2) is a
membrane protein expressed in the developing
nervous system. According to Wirz et al., this gene
has been significantly upregulated in AD in both
mouse and human datasets.?® PLXDC2 was
regulated by hsa-miR-1258 in the miRNAs-
mRNAs network.

Based on our findings, KCNC1 and KCNC2 of
the KCNC family have a significant expression
change in patients with MS. KCNC family are
voltage-gated K (+) channels that play pivotal roles
in mammalian brains. Hsa-miR-1275 and hsa-miR-
107 play a role in changing the expression of
KCNCI1 and KCNC2 genes, respectively. In many
studies, the role of both miRNAs in various
neurological diseases has been shown. Zhao et al.
found significant dysregulation of hsa-miR-1275 in
neurological disorders and introduced it as a novel
biomarker in epilepsy.3* Additionally,
overexpression of hsa-miR-1275 was reported in
patients with PD.3> Leidinger et al. studied
miRNAs in the blood samples of 48 patients with
AD and 22 healthy controls, and based on their
results, hsa-miR-107 could be used as a biomarker
for the monitoring of AD.3

Liu et al, in their work on two datasets
(GSE17048 and GSE41848), reported that MS4A6A,
together with six other genes, was one of the key
genes in the screening of MS.%” The change in the
expression level of this gene has been
demonstrated in other neurological diseases,
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including AD. In the study conducted by Proitsi
etal., high levels of M54A6A have been mentioned
in AD.38 In our miRNAs-mRNAs network, the
MS4A6A gene is regulated by hsa-miR-1206.

One possible treatment strategy for MS has
been proposed: targeting the fibroblast growth
factor/fibroblast =~ growth  factor  receptor
(FGF/FGEFR) system.? Fibroblast growth factor 13
(FGF13) is expressed in cerebral cortical neurons,
and this protein is involved in the regeneration of
peripheral nerves* In Zhang et al.'s research,
which focused on the role of the fibroblast growth
factor (FGF) signaling pathway in MS disease,
FGF/FGFR signaling was mentioned as a
promising strategy for the treatment of patients
with MS® In our miRNAs-mRNAs network,
hsa-miR-107,  hsa-miR-1206,  hsa-miR-142-3p,
hsa-miR-140-5p, and hsa-miR-613 are directly
effective in regulating the expression of this gene.

Conclusion

Due to the increasing incidence rate and gradual
progression of neurological diseases such as MS,
early diagnosis and treatment have become the
main priority. In recent years, miRNAs have
emerged as important biological biomarkers with
significant implications for medical science.

This in silico study identified 9 diagnostic
miRNAs and 12 of their target genes in MS.
Although many diagnostic biomarkers have been
recognized in different diseases in recent years,
most of them require in vitro and in vivo validation
processes. In our research, the related genes of
miRNA are analyzed by the database and
software, which is a limitation of this study. Larger
clinical trials to confirm the diagnostic and
prognostic value of identified biomarkers, study
the expression profile of detected biomarkers in
different stages of patients with MS, and accurately
investigate their functional mechanisms in MS
disease can confirm and complement this research.
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