
INTRODUCTION

Multiple sclerosis (MS) is an autoimmune demyelinating disease of 
the central nervous system (CNS)1). The search for an easy, reliable and 
rapid diagnosis tool for MS is of high interest since the major diagnostic 
procedure is complex.

Recent studies shed the light about the implication of exosomes in 
the regulation of immune system2,3). Hence, research on exosomal con-
tent may serve as a strong prognostic and diagnostic MS biomarkers 
tool.

Exosomes are a set of microvesicles of a size ranging between 
30-120 nm. They are small membrane vesicles that are made in the 
cytoplasm and released from the surface of the majority of living cells4). 
Exosomes play a role in cell to-cell communication as they transport 
their cargo and deliver it intracellularly to recipient cells, modifying 
thereby their function4,5). Exosomes have been also shown to be related 
to a number of disease such as cancer, autoimmune and neurodegenera-
tive diseases6,7). 

Among exosomal cargo, miRNAs represent the most promising bio-
markers as they are involved in basic biological processes. They regu-
late gene expression and thus protein synthesis8,9). MiRNAs are small (~ 
22 nt) non coding RNA that regulate gene expression and function 
during post- transcription level10), resulting in silencing or repressing tar-
get mRNA expression. In MS and experimental autoimmune encephalo-
myelitis (EAE), animal model of MS, various miRNAs have been 

shown to be correlated with immunity11-15). Hence, they may serve for a 
better understanding of the immunopathogenesis of MS and their explo-
ration may benefit in treatment in the absence of an effective cure. 
Additionally, exosomal miRNA profile is specific as they target specific 
cells inducing exosomes host cells to be reprogrammed16).

Our study was based on the hypothesis that differential exosomal 
miRNA expression in MS patients may result in a lack of communica-
tion between cells during disease course. Thus, a dysregulation in some 
exosomal miRNAs might be considered as a part of disease mecha-
nisms. In this preliminary study, we were able to characterize the 
miRNA profile of exosomal serum using the Next Generation 
Sequencing (NGS). Large number of miRNAs were found within exo-
somal serum. Particularly, 6 exosomal miRNAs that are upregulated and 
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Table 1: Demographic data of participants.
 Cases (n = 3) Controls (n = 3)

Mean age ± SD 41.7 ± 16.1 40.3 ± 7.8

Male (age) 1 (35) 1 (49)

Female (mean age ± SD) 2 (45 ± 21.2) 2 (36 ± 2.8)

Disease course RRMS --------------------

EDSS mean 4.5 ----------------------
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6 others that are downregulated in RRMS patients in comparison to con-
trols, were identified.

METHODS

A. Subjects
This preliminary study consisted in 6 participants (3 multiple scle-

rosis patients in the remission stage and 3 controls) from the Bekaa 
region of Lebanon. The patients were diagnosed according to 
McDonald's criteria17) by their neurologists. All patients were in the 
relapsing-remitting multiple sclerosis (RRMS) disease course. Informed 
consent was obtained from all participants before blood sampling. 
Relevant clinical data including age, familial neurological history, medi-
cal history, treatment and clinical complications were collected using a 
well-designed questionnaire. This study was performed in accordance 
with the Declaration of Helsinki from 1975 and its amendments from 
1983, and approved by the Institutional Review Board at Beirut Arab 
University (BAU) with a code number of 2019A-0042-S-P-0337, and 
from Al-Abdallah hospital in Bekaa, Lebanon.

B. Sample Collection and Preparation
Five ml of venous blood sample was collected from each participant 

in an EDTA tube. Serum was separated by centrifugation at 9,000 x g 
for 10 minutes. The serum sample was re-centrifuged at 2,000 x g for 
additional 30 minutes to remove cells and debris and was then aliquoted 
into 2 ml RNase free microfuge tubes and stored at -80 □ until use.

C. Exosome Isolation and Total Exosomal RNA Extraction
Exosomes were isolated from the serum sample (2 ml) using Total 

Exosome Reagent kit (Invitrogen, cat # 4478360) according to the man-
ufacturer's instructions. Isolated exosomes were treated for total exoso-
mal RNA extraction using Total Exosome RNA Extraction kit 
(Invitrogen, cat # 4478545) according to the manufacturer's instructions. 
After isolation, exosomal RNA quality and quantity were checked using 
a picoRNA chip on Bioanalyzer 2100 (Agilent).

D. Exosomal RNA Library Preparation and Next Generation 
Sequencing (NGS)

Exosomal RNAs (ExRNAs) were treated by 1 MBU of Baseline-
ZEROTM DNase (cat # DB0715K, Epicentre) for 30 minutes at 37℃ fol-
lowed by a phenol/chloroform and chloroform extraction. RNA was pre-
cipitated in 3 volumes of ethanol (EtOH) 96% using 0.3 M AcONa and 
15 μg of glycoblue. After a wash with EtOH 80%, the pellet was resus-
pended in 6 μl of RNase-free water. RNA quality was checked before 
and after DNase I treatment by capillary electrophoresis using a 
PicoRNA chip on Bioanalyzer 2100 (Agilent). ExRNAs were converted 
to library with the NEBNext Small RNA kit (cat # E7330S, NEB) using 
the manufacturer's instructions. Library quality was assessed using a 
High Sensitivity DNA chip on a Bioanalyzer 2100. Library quantifica-
tion was performed using a fluorometer (Qubit 3.0 fluorometer, 
Invitrogen). Libraries were multiplexed, and then were subjected for 
high-throughput sequencing using an Illumina HiSeq 1000 instrument 
with 50 bp single read run and loaded at 12 pM per lane.

E. RNA-Seq Data Analysis and Differential Expression 
Analysis

Data analysis and differential expression were evaluated using R 
package, according to the manual. Briefly, first analysis consisted of 
sequencing quality check (FastQC) and adapter trimming. Secondary 
analysis corresponds to sequence alignment to the reference sequence 
(miRNA database miRBase, release 21). BAM files with chromosomal 
location of mapped reads were generated and non-mapped reads were 
removed. Subsequently, SAM files were produced for miR expression 
counting. Tertiary analysis consisted of miRNA expression analysis, dif-
ferential expression analysis by DESeq2. A list of genes with log2 fold-
change (log2FC) and P-values was obtained and graphic output (MA 
plot, volcano plot, heatmaps of mostly expressed and most variable 
genes) was also constructed. 

DIANA TOOLS software was also used in order to correlate the dif-
ferentially expressed miRNAs in MS with other complications as a 

Figure 1: Bioanalyzer trace of RNA extracted from serum exosomes reveals a predominant population of small RNAs without ribosomal 
RNA.

Table 2: A list of the significantly dysregulated miRNAs 
between RRMS patients and controls.

 miRNA CPM CPM  FC P-value adjusted 
  (RRMS  (Controls)   P-value
  patients)

 miR-223-3p 295.0 1209.0 4.1 0.0003 0.432

 miR-199b-5p 7.6 38.9 5.1 0.009 0.975

 miR-542-3p 12.2 54.8 4.5 0.01 0.975

 miR-582-5p 0 6.4 -------- 0.02 0.975

 miR-520c-5p 0 7.5 -------- 0.02 0.975

 miR-330-5p 23.8 4.8 5.0 0.02 0.975

 miR-7641 266.3 1004.0 2.8 0.03 0.975

 let-7i-5p 15145.6 6499.3 2.3 0.03 0.975

 miR-7-5p 121.4 49.3 4.6 0.04 0.975

 miR-3529-3p 122.9 50.1 2.5 0.04 0.975

 miR-182-5p 225.5 99.6 2.3 0.04 0.975

 miR-3184-5p 391.9 199.0 2.0 0.04 0.975

miRNA: microRNA; CPM: count per million; RRMS: relapsing remitting multiple 

sclerosis; FC: fold change
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result of MS/MS treatment or other disorders.

F. Exosomal MiRNA Target Genes Prediction and Pathway 
Analysis of Dysregulated MiRNAs 

All analyses were done in R statistical/ programming language 
using a customized set of scripts. A hypergeometric test was used to 
assess enrichment for miRNA-gene target and miRNAs-pathway inter-
actions.

G. Statistical Analysis
R package pipeline was used for differential expression of miRNA. 

Significance was considered in the case where fold change ≥ 2 and 
P-value ≤ 0.05. This pipeline was also used for miRNA target prediction 
and pathway analysis for a threshold significance of 0.05.

RESULTS

A. Demographic Data of Participants and Clinical Profile of 
MS Patients

The characteristics of MS patients and controls are presented in 
table 1. One MS patient and 1 control were males and 2 MS patients and 
2 controls were females.

The average age of MS patients was 41.7 years versus 40.3 years 
for controls.

All MS patients were in the relapsing-remitting multiple sclerosis 
(RRMS) disease course during the remission stage with an EDSS mean 
of 4.5.

The mean age of the male and female participants was 42 and 40.5 
years respectively.

All MS participants were in an advanced stage of the disease and 

presenting troubles of all types (motor, sensory and visual perturbations, 
bladder dysfunction, walking problems and cognitive impairment).

B. Serum-Derived Exosomes Carry an Exclusive miRNA Profile
Exosomes were isolated from 2 ml of serum using Total Exosome 

Reagent (TER) followed by total RNA extraction from exosomes. 
ExRNA was analyzed by capillary electrophoresis using a picoRNA 
chip on Bioanalyzer 2100 (Agilent) that reveals the typical RNA profile 
with a predominance of small RNA species (< 200 nt) and with no ribo-
somal RNA detection (Figure 1).

C. Next Generation Sequencing (NGS) of Exosomal miRNA
ExRNA was converted to small RNA libraries and sequenced on 

HiSeq1000 in SR50 mode. Raw reads were filtered and aligned to the 
human hg19 genome. Mapped reads were aligned to miRBase v21 to 
count miR expression per sample.

About 1250 miRs were detected in total with ~ 350 common and 
present in all samples at non-zero level.

D. Exosomal miRNAs are Differentially Expressed in RRMS 
Patients in Comparison to Controls

Since miRNAs take an important part in serum exosomes cargo and 
taking into consideration their ability to be transported between cells, 
exosomal miRNAs were exploited. In our preliminary study, we 
checked whether RRMS patients display a specific exosomal miRNA 
profile that distinguish them from healthy subjects. Three RRMS 
patients in the remission stage and 3 controls were enrolled in this pre-
liminary study. Near to 1250 miRNAs were detected in all exosomal 
samples at non-zero level with a yield of 13 to 14 million reads. The 
analysis of the expression spectrum of individual miRNAs shows a dis-
tinct miRNAs profile between RRMS patients and healthy controls. 

To further evaluate if there is a significance difference between both 
groups, we perform a global statistical analysis to assess the differential-

Table 3: Most common diseases correlated with the differentially expressed miRNAs in MS.
                   miRNA miR- miR- miR- miR- miR- miR- miR- miR- miR- miR- # miRNA
      Disease 330-5p 7i-5p 3529-3p 182-5p 7-5p 223-3p 199b-5p 542-3p 582-5p 520c-5p 

Breast neoplasm + + + + + + + +  + 9

Squamous cell carcinoma + +  + + + +   + 7

Neoplastic cell transformation + +  +  + +   + 6

Diabetes mellitus + +  + +   +  + 6

Melanoma + +  +   +   + 5

  Hepatocellular      

     Carcinoma + +  +  +     4

Huntington disease + +   +  +    4

Large B cell lymphoma + +    + +    4

Helicobacter infections    + + + +    4

Acute myeloid leukemia  +  +  + +    4

Muscular dystrophy  +    + +   + 4

Glioblastoma +    +     + 3

Autoimmune diseases  +  + +      3

Systemic lupus erythematous  +  + +      3

Macrocytic anemia      + +   + 3

Inflammation  +    + +    3

MS  +    +     3

Psoriasis  +     +   + 3

Hyperinsulinism +         + 2

Epstein-barr virus infections      + +    2

Follicular lymphoma + +         2

Alzheimer disease  +        + 2

+: Correlation
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ly expressed miRNA sequences using R package pipeline. miRNAs 
were identified as significantly dysregulated in case of a fold change ≥ 2 
and P-value ≤ 0.05. Twelve miRNAs were differentially expressed 
between RRMS patients and controls; six were upregulated in RRMS 
patients, which are: miR-330-5p, let-7i-5p, hsa-miR-3529-3p, hsa-miR-
182-5p, hsa-miR-3184-5p and hsa-miR-7-5p, and 6 were downregulated 
in RRMS patients, which are: miR-223-3p, miR-199b-5p, miR-542-3p, 
hsa-miR-582-5p, hsa-miR-520c-5p and miR-7641 (Table 2). Thus, NGS 
technique allowed us to discover the set of serum exosomal miRNAs 
that are expressed differentially in RRMS patients suggesting that exo-
somal miRNAs may serve as potential biomarkers for MS diagnosis.

F. Exosomal miRNA Target Genes Prediction
Gene-miRNA interactions were assessed in order to determine the 

effect of the dysregulated miRNAs at mechanistic levels. Two upregu-
lated miRNAs, that are miR-7-5p and miR-182-5p were shown to be 
associated to zinc finger, AN1-type domain 4 gene (ZFAND4) (P = 
5.335e-05).

G. Pathway Analysis of Dysregulated MiRNAs
Panther database, which is a set of expert curated signaling process-

es, was used to determine the pathways that may be reflected by the 
dysregulation state of miRNAs in MS patients. No association has been 
made for downregulated miRNAs. However, axon guidance mediated 
by netrin pathway was significantly associated with four of the regis-
tered upregulated miRNAs, which are: miR-330-5p, let-7i-5p, miR-182-
5p and miR-7-5p (P-value = 0.001).

H. Correlation between MS Dysregulated miRNAs and Other 
Complications

In this preliminary study, we searched to correlate the differentially 
expressed miRNAs with other complications as a result of MS/MS treat-
ment or with other disorders. Ten out of 12 dysregulated miRNAs were 
involved in multitude of diseases. The most common and significant 
complications are presented in Table 3.

DISCUSSION

In this preliminary study, we have performed high-throughput 
sequencing of exosomal miRNAs derived from serum for miRNAs pro-
filing. Exosomes were recovered using a specific kit based on tying up 
water molecules allowing them to be collected by a short, low-speed 
centrifugation. Total exosome RNA was subsequently isolated using a 
complementary kit based on acid phenol: chloroform extraction and 
RNA elution was performed with a low ionic- strength solution.

Exosomes are small vesicles (30- 120 nm) secreted by almost all 
cell types into the extracellular compartment upon fusion with the plas-
ma membrane4). It is widely known that exosomes enclose bioactive 
molecules such as DNA, mRNA, miRNA, lipids and proteins4,18). Since 
analysis of circulating exosomes may serve as an "easy clinical test" 
that reflects potential function and structure of the parental cells without 
any requirement of direct sampling7) and due to exosomes contribution 
in cell-to-cell communication4), exploration of exosomes content would 
be of high interest.

Our results show that circulating exosomal miRNAs may discrimi-
nate RRMS patients from controls. The RNA-seq data identified 12 dif-
ferentially expressed exosomal miRNAs in RRMS patients. Six were 
upregulated (miR-7, miR-182, miR-330, miR-3529, let-7 and miR-
3184) and 6 were downregulated (miR-199, miR-223, miR-520, miR-
542, miR-582 and miR-7641) in RRMS patients in comparison to con-
trols.

This is the first study done in Lebanon aiming at investigating exo-
somes in MS patients. Our experimental process confirmed the high 
confidentiality of exosomes content analysis as biomarkers in MS which 
may provide insight about the intercellular communication through bio-
logical molecules such as miRNAs that results in recipient cells repro-
grammation19).

Some of the identified dysregulated miRNAs have been previously 
shown to be implicated as circulating biomarkers in MS. MiR-7 has 
been involved in brain tissue inflammation20) and diverse neurodegener-
ative diseases such as Parkinson's disease21,22), Schizophrenia23), 
Alzheimer's disease24) and MS where it is downregulated25). MiR-182 has 

been implicated in ischemic acute kidney injury26), epilepsy27), immuni-
ty28) and in MS where its level was upregulated in the blood of MS 
patients29). Also, it is believed to exert a probable effect on MS onset 
according to an Iranian study30). However, miR-330 has been mostly 
linked to inflammation31,32), immunity33,34) and Alzheimer's disease35). It is 
also related to various types of cancers including osteosarcoma36), retino-
blastoma37), breast cancer38) and colorectal cancer. Similarly, research 
found that let-7 may have an impact in Parkinson's disease39) and in MS 
where it impedes Treg cells induction40). MiR-199 has been found to be 
implicated in distinct cancer types, among them: hepatocellular carcino-
ma41), gastric carcinoma42) and bladder cancer43) and shown to be down-
regulated in the remitting phase of MS44). Expression levels of miR-223 
in serum45), exosomal serum46), CD4+ -T cells47), blood cells48) and active 
white matter lesions of brain49) were upregulated in MS patients while 
contradictory results were illustrated by another studies50,51). MiR-223 
can target and inhibit the expression of ECT2 and induce the apoptosis 
of breast cancer cells52). It exerts also an effect on infection and inflam-
mation and plays an important role in the central nervous system by 
controlling neuronal excitability in response to glutamate with a direct 
delivery of miR-223 may serve as a potential strategy to avoid neuronal 
cell death in MS53). MiR-520 has been involved in several types of can-
cers such as lung cancer54), esophageal cancer55), colorectal cancer56) and 
hepatocellular carcinoma57) as well as in MS where an overexpression 
was registered in MS patients according to a study done by Quintana et 
al.58). MiR-542 has been reported to be associated with human colon 
cancer59) and colorectal cancer60) and to be related to mitochondrial dys-
function and SMAD activity61). MiR-582 has been found to be implicat-
ed in colorectal cancer62,63) and played a role in neuronal injury improve-
ment and in the reduction of oxidative stress, inflammation and apopto-
sis in cerebral ischemia/ reperfusion injury64) while miR-7641 has been 
shown to be related to bladder cancer65), gastric cancer66) and implicated 
in cancer therapy67).

Our data has shown that some of the dysregulated miRNAs target 
ZFAND4 which was reported as an oncogene33) and was shown to be 
associated with Parkinson disease. Some of the upregulated miRNAs 
found were been associated with axon guidance mediated by netrin 
which is closely related to axon growth and branching. It has been 
reported that netrin-1 was decreased in EAE and MS patients, suggest-
ing a potential anti-inflammatory role of it68). It has been also shown that 
repulsive guidance molecule-a (RGMa) contributes to the pathogenesis 
of EAE with an overexpression in CNS of MS patients69). It also enhanc-
es inflammation by activating T cells in the CNS and EAE70) and its 
expression in T cells induce neurodegeneration71).

Based on this, exosomal miRNA patterns may procure valuable 
insights concerning disease mechanisms. Our study was based on the 
hypothesis that differential exosomal miRNA expression in RRMS 
patients may result in a lack of communication between cells during dis-
ease course. Thus, a dysregulation in some exosomal miRNAs might be 
considered as a part in MS mechanisms.

In brief, our preliminary study shows an upregulation in 6 miRNAs 
(miR-7, miR-182, miR-330, miR-3529, let-7 and miR-3184) and a 
downregulation in 6 miRNAs (miR-199, miR-223, miR-520, miR-542, 
miR-582 and miR-7641) in RRMS patients demonstrating by this that 
an imbalance in exosomal miRNAs may result in improper intercellular 
communication that underlies disease mechanisms.

CONCLUSION

In summary, this preliminary study shows that circulating exosomal 
miRNAs may serve as useful tool in MS biomarkers especially in 
RRMS disease course and point at a disturbed cell-to-cell communica-
tion mediated by exosomes that might be the crucial key in MS mecha-
nisms.

What Is Already Known on This Topic:
MicroRNAs (miRNAs) in serum (blood) exosomes may serve as 

biomarkers of MS disease. MicroRNAs are small non-coding RNA that 
control many genes and processes vital for cellular life such as metabo-
lism, development and the immune system. Exosomes are small vesicles 
(30-100 nm) found in all eukaryotic fluids (blood, saliva, serum, ...) and 
released by all cells. Being non-toxic, crossing easily the blood-brain 
barrier and ideal delivery plateform, exosomes are considered to be an 
easy, safe, quick and cheap diagnostic tool and a promising therapeutic 
mean as they transfer their biological materials between cells playing a 
role in the regulation of various biological processes. Different studies 



Exosomal miRNA Profiling in Lebanese Multiple Sclerosis Patients14

have showed that serum exosome miRNAs predict multiple sclerosis 
disease.

What This Study Adds:
In this study, we tend to characterize the miRNA profile of exoso-

mal serum in multiple sclerosis patients using the Next Generation 
Sequencing (NGS) in order to know the mechanism of MS pathology in 
terms of target genes predication and the potential pathway of the relat-
ed dysregulated genes. Our data comparison to different other similar 
studies performed on various populations may be the crucial key to 
standardize the molecular mechanism of MS and so to develop new 
therapeutic strategies. 
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