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Abstract
Background and Objectives
Primary progressive multiple sclerosis (PPMS) displays a highly variable disease progression
with a characteristic accumulation of disability, what makes difficult its diagnosis and efficient
treatment. The identification of microRNAs (miRNAs)-based signature for the early detection
in biological fluids could reveal promising biomarkers to provide new insights into defining MS
clinical subtypes and potential therapeutic strategies. The objective of this cross-sectional study
was to describe PPMS miRNA profiles in CSF and serum samples compared with other
neurologic disease individuals (OND) and relapsing-remitting MS (RRMS).

Methods
First, a screening stage analyzing multiple miRNAs in few samples using OpenArray plates was
performed. Second, individual quantitative polymerase chain reactions (qPCRs) were used to
validate specific miRNAs in a greater number of samples.

Results
A specific profile of dysregulated circulating miRNAs (let-7b-5p and miR-143-3p) was found
downregulated in PPMS CSF samples compared with OND. In addition, in serum samples,
miR-20a-5p and miR-320b were dysregulated in PPMS against RRMS and OND, miR-26a-5p
and miR-485-3p were downregulated in PPMS vs RRMS, and miR-142-5p was upregulated in
RRMS compared with OND.

Discussion
We described a 2-miRNA signature in CSF of PPMS individuals and several dysregulated
miRNAs in serum from patients with MS, which could be considered valuable candidates to be
further studied to unravel their actual role in MS.

Classification of Evidence
This study provides Class II evidence that specific miRNA profiles accurately distinguish PPMS
from RRMS and other neurologic disorders.

MORE ONLINE

Class of Evidence
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therapeutic and diagnostic
studies
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Multiple sclerosis (MS) is a chronic inflammatory and neu-
rodegenerative disease of the CNS, the etiology of which is
still unknown.1 MS is the most common nontraumatic neu-
rologic cause of disability in young adults.2

MS is clinically heterogeneous. Approximately 85% of patients
with MS are diagnosed with relapsing-remitting MS (RRMS),
which is characterized by acute neurologic deficits that are
followed by complete or incomplete remission.3 The remaining
15% of patients are diagnosed with a progressive disease course
of neurologic dysfunction from the onset of symptoms that
intensifies over time (accumulation of disability), but without
the presence of clinically evident relapses, which is known as
primary progressive MS (PPMS).4 The age at clinical onset
might vary between RRMS and PPMS individuals because it
has been established around 32 years or 42 years, respectively.5

Most current disease-modifying therapies (DMTs) are in-
dicated in the treatment of RRMS, showing none or little ef-
ficacy in PPMS, because they modulate or suppress immune
responses to reduce CNS inflammation, the number of re-
lapses, and new inflammatory lesions in the MRI.6

MS course might be modulated by the interaction among
environmental factors and genetic susceptibility through epi-
genetic mechanisms.7 One of these mechanisms is microRNAs
(miRNAs), small single-stranded noncoding RNAs whose
mature and biologically active form comprises 18–25 nucleo-
tides long.8 miRNAs regulate gene expression posttranscrip-
tionally through a mixture of translational inhibition and
promotion of mRNA decay.9 Given that an individual miRNA
is able to control many target genes, altered expression of
miRNAs influences several biological processes in both im-
mune and brain cells.MostmiRNAs are located inside cells but,
importantly, miRNAs could be released and circulate in dif-
ferent biological fluids, such as plasma, serum, urine, or CSF,
where they remain stable even under really hard conditions,
such as multiple freeze-thaw cycles, extreme pH values, or
treatments with RNase.10,11

miRNA studies in MS have gained tremendous attention
during the last few years because they might provide new
insights into disease pathology, therapeutic targets, and be
promising candidates to be used as biomarkers. CSF is a really
interesting fluid because it directly interacts with the extra-
cellular space in the brain, and thus, it might better reflect the
level of brain damage.12 Since 2012, when the first analysis of
miRNA profiles in CSF was published,13 a total of 12 studies
have been released. Indeed, in different studies, miRNAs, such
as miR-150 and miR-181c, have been found dysregulated in

CSF of patients with MS.13-16 However, it should be men-
tioned that none of the studies have delved into the analysis of
miRNA signatures related specifically to PPMS.

Studying the circulating miRNA profile might be a potential
tool to differentiate PPMS participants from RRMS and other
neurologic disease (OND) individuals. In addition, it might
contribute to elucidate some of the mechanisms involved in
the neurodegeneration associated with MS, without being
masked by inflammatory processes. Therefore, the main ob-
jective of this study was to describe a specific miRNA signa-
ture of patients with PPMS in both CSF and serum samples
compared with OND and RRMS.

Methods
Patients and Biological Samples
Patients included in this cross-sectional study were recruited
at the Girona Neuroimmunology and Multiple Sclerosis Unit
of Dr. Josep Trueta University Hospital (Girona, Spain), in
the Immunology and Neurology Departments of Ramón y
Cajal University Hospital (Madrid, Spain), and at the Neuro-
immunology Unit of Hospital Universitari i Politec̀nic La Fe
(Valencia, Spain) from 2011 to 2018. The inclusion criteria
were participants older than 18 years with RRMS or PPMS
diagnosis according to McDonald 2010 criteria or with OND.
The list of diagnoses for the OND group is given in eTable 1,
links.lww.com/NXI/A782. Those individuals diagnosed with
secondary progressive MS or receiving DMTs at the moment
of sample extraction were excluded. Standardized protocols,
forms, and databases are used for data collection to minimize
sources of bias.

Due to the multicentric nature of the study, clinical data and
MRI acquisition and analysis were obtained and interpreted at
the different hospitals involved by multiple specialized neu-
rologists and radiologists, respectively. The Expanded Dis-
ability Status Scale (EDSS) score was calculated at sampling,
whereas MRI assessment was obtained within a maximum time
difference of 4 months.

CSF was collected at the moment of diagnosis and was
centrifuged immediately after a lumbar puncture at 400g
for 15 minutes to obtain cell-free CSF. Blood samples
were collected in glass red top serum vacutainer tubes and
centrifuged at 2,000g for 10 minutes to separate the serum.
Samples were locally processed to obtain cell-free CSF and
serum that were later shipped to Girona Neuroimmunology
and Multiple Sclerosis Unit for further analysis.

Glossary
cc-OA = custom-configured OpenArray plates; cDNA = complementary DNA; EDSS = Expanded Disability Status Scale;
DMTs = disease-modifying therapies; miRNAs = microRNAs; MS = multiple sclerosis; OND = other neurologic disease;
PPMS = primary progressive MS; qPCR = quantitative polymerase chain reaction; RRMS = relapsing-remitting MS.
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Standard Protocol Approvals, Registrations,
and Patient Consents
The Ethics Committee and the Committee for Clinical In-
vestigation from Dr. Josep Trueta University Hospital ap-
proved the protocol used in this study, and all participants
signed written informed consent.

OCGB Detection
After quantifying serum and CSF levels of IgG using an
Immage 800 nephelometer (Beckman Culter, Nyon, Swit-
zerland), IgG bands were analyzed by isoelectric focusing and
immunoblotting.17

Circulating RNA Extraction and Purification
Circulating RNA from cell-free CSF and serum was extracted
using a mirVana PARIS Isolation Kit (Applied Biosystems,
CA) according to the manufacturer’s protocol. Briefly, 300 μL
of sample were mixed with an equal amount of ×2 denaturing
solution. The same volume of acid-phenol:chloroform was
then added, and the upper aqueous phase was recovered after
centrifugation at 17,000g for 10 minutes. This recovered
phase was mixed with 100% ethanol and placed into a pro-
vided filter cartridge. After 3 washing steps, total RNA was
eluted with 40 μL of nuclease-free water and stored at −80°C
for its posterior use.

Circulating miRNA Retrotranscription
and Preamplification
An Applied Biosystems TaqMan Advanced miRNA cDNA
Synthesis kit (Applied Biosystems, CA) was used to prepare
miRNA complementary DNA (cDNA) from CSF and serum
samples in this study in one batch. Twomicroliters of RNA eluate
were used to obtain miRNA cDNA following the manufacturer’s
instructions. Briefly, after the addition of a poly(A) tail and an
adaptor, a reverse transcription reaction andmiRNA amplification
reaction were performed.

Circulating miRNA Quantification
To analyze circulating miRNA expression, 2 different ap-
proaches based on TaqMan Advanced miRNA Assays tech-
nology (Applied Biosystems, CA) were followed in this study.
First, a screening stage analyzing multiple miRNAs in a low
number of samples using OpenArray plates was performed.
Those samples were selected to assure uniformity in sex and
age among the groups. Second, individual quantitative poly-
merase chain reaction (qPCR) measurements were used to
analyze specific miRNAs in a greater number of samples in the
validation stage.

For the screening phase, fixed-contentOpenArray plates (fc-OA)
containing 754 human advanced miRNA assays were used for
serum samples. CSF samples were run in triplicate using custom-
configured OpenArray plates (cc-OA) specially designed to an-
alyze CSF-enriched miRNAs.18 miRNA cDNA templates were
diluted to 1:20 in tris-EDTA buffer and combined with the same
volume of TaqMan OpenArray Real-Time PCR Master Mix.

After loading the samples into the OpenArray plate, qPCR was
performed using aQuantStudio 12KFlexReal-TimePCRSystem
(Applied Biosystems, CA). Both types of OpenArray plates were
normalized using the mean expression value of all miRNAs,
known as the global normalization method, which has been val-
idated to be used in large scale experiments.11 The delta cycle
threshold method was used to calculate the relative expression.

qPCR with Individual TaqMan Advanced hydrolysis probes
(Applied Biosystems, CA) was performed to determine ex-
pression levels of specific miRNAs in the validation stage.
Preamplified cDNA templates were first diluted in nuclease-
free water to obtain a final cDNA concentration of 1:10.
Samples were run in triplicate. Individual miRNA expression
was assessed in one batch with the Quant Studio 7 Flex System
(Applied Biosystems, CA). Serum miRNA expression values
were normalized using the mean value of 2 endogenous miR-
NAs (miR-15a-5p and miR-23a-3p), whereas CSF expression
values were normalized using the mean value of 8 endogenous
miRNAs (miR-16 +miR-24 +miR-125a +miR-30d +miR-26b
+ miR-145 + miR-92b + miR-23a), as shown in a previous
search of suitable endogenous normalizers in these CSF sam-
ples.18 The delta cycle threshold method was also used to
calculate the relative expression.

Cellular/Tissue-Enriched Source Analyses
Different public repositories, such as human miRNA tissue
atlas, CNS miRNA profiles prveiously descibed, and FAN-
TOM5, which contain data from miRNA expression profiles
in diverse human tissue, CNS cells, or primary cells, re-
spectively, were used to study potential tissue and cellular
sources of CSF dysregulated miRNAs.19-21

Statistical Analysis
Demographic, clinical, and radiologic data and normalized
miRNA expression levels were reported as follows: categorical
variables were shown as absolute and relative frequencies, while
continuous variables were represented by median and quartiles.
Statistical differences were determined using nonparametric tests
as the Fisher exact test and the Kruskal-Wallis test for categorical
and quantitative variables, respectively. Correlation analysis of
normalized serummiRNA levels and clinical and radiologic data
were estimated by the Spearman rho (rs). All analyses were
2-tailed with a significance level of 5% (2-sided) and a type II
error rate of 10%. Missing data were excluded. Due to the pre-
liminary nature of this study, multiple comparison corrections
were not performed. Statistical analyses were performed in the
Statistical Package for the Social Sciences version 25.0 (IBM
SPSS Statistics for Windows, NY). Figures were built using
GraphPad PRISM v.5 (GraphPad Software, CA). The STROBE
cross-sectional reporting guidelines were respected for planning,
conduct, analysis, and reporting of this study.22

Data Availability
Anonymized data not published within this article will be
made available by request from any qualified investigator.
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Results
Clinical Characteristics of the Studied Cohort
This study comprised a total of 111 individuals (60.4%women)
with a median age of 51.5 years. The whole cohort distribution
was the following: 49 participants belonged to the PPMS group
(55.1% women), 35 to RRMS (68.6% women), and 27 were
OND individuals (59.3% women). Clinical and demographic
data are given in Table 1. No significant differences were ob-
served in sex between groups. Age at sampling showed statis-
tically significant differences between groups (p < 0.001)
because RRMS individuals were younger than PPMS and
OND. The intrathecal synthesis of oligoclonal IgG bands was
not present in any of the OND participants (p < 0.001). Ad-
ditional information regarding the different subcohorts used in
this study is shown in eFigure 1, links.lww.com/NXI/A782.

miRNA Signature in CSF of Patients With PPMS
To define a characteristic miRNA profile in CSF of patients with
PPMS, a screening phase was designed using cc-OA panels. A
total of 41 samples (13 OND, 12 RRMS, and 16 PPMS) were
used in this phase per triplicate. Twenty-seven miRNAs were
detected in 70% of total samples (at least 50% of samples in each
group), and their differential expression was analyzed. We
identified 6 miRNAs that showed significant differences or ten-
dency (p < 0.050 or p < 0.100, respectively) to be dysregulated in
some of the groups (eTable 2, links.lww.com/NXI/A782).

Levels of let-7b-5p, miR-125a-5p, miR-143-3p, miR-451a, and
miR-9-5p were further validated in a bigger cohort of 100
samples (27 OND, 31 RRMS, and 42 PPMS) by individual
qPCR. These miRNAs were selected according to the screen-
ing phase results or interesting results from previous publica-
tions. Both let-7b-5p and miR-143-3p were downregulated in
PPMS samples compared with OND (Table 2 and Figure 1).

The PPMS group could be further subclassified into in-
flammatory or noninflammatory profiles according to clinical

relapse or radiologic activity (existence of Gd + lesions or
increased number of T2 lesions in follow-up MRIs). It is of
interest that let-7b-5p expression was also found dysregulated
among the 4 groups due to the differences between OND and
noninflammatory PPMS (eTable 3, links.lww.com/NXI/
A782).

Analysis of Cellular/Tissue Sources of CSF
Dysregulated miRNAs
The potential tissue and cellular origin of let-7b-5p and miR-
143-3p were examined using different repositories. First, the
human miRNA tissue atlas was established by quantifying the
abundance of miRNA in tissue biopsies of 2 individuals.19 It is
of interest that let-7b-5p might be found highly expressed in
the spinal cord, brain, and arachnoid mater. Further in-
vestigation of miRNA expression in CNS-specific cell types
showed that let-7b-5p might present an increased expression
in astrocytes.20

However, miR-143-3p might not present an elevated ex-
pression in CNS organs, it could be found highly expressed in
circulating cells and neutrophils, after analyzing miRNA ex-
pression across primary cells using the FANTOM5 atlas.21

miRNA Signature in Serum of Patients
With PPMS
Similar to CSF samples, a screening phase with fc-OA panels
was designed and 34 serum samples (9 OND, 10 RRMS, and
15 PPMS) were used in this stage. A total of 127 miRNAs
were detected in 70% of samples in each group. After nor-
malizing using the global mean value of all miRNAs, 10
miRNAs showed significant differences or tendency to be
dysregulated in some of the groups (eTable 4, links.lww.com/
NXI/A782).

Dysregulation of these 10 miRNAs and another 2 miRNAs of
interest (miR-448 and miR-485-3p) was further analyzed in a

Table 1 Demographic and Clinical Data of the Studied Cohorts in the PPMS Study

Whole group OND RRMS PPMS p Value

n 111 27 35 49

Sex 0.457

Male 44 (39.6) 11 (40.7) 11 (31.4) 22 (44.9)

Female 67 (60.4) 16 (59.3) 24 (68.6) 27 (55.1)

Age at sampling (y) 51.5 (45.0–59.0) 56,0 (48.0–65.5) 47.5 (40.0–51.0) 56.0 (48.0–61.0) <0.001

OCGB <0.001

Absence 33 (34.0) 23 (100.0) 5 (15.6) 5 (11.9)

Presence 64 (66.0) 0 (0.0) 27 (84.4) 37 (88.1)

Abbreviations: MS = multiple sclerosis; n = number of samples; OCGB = oligoclonal IgG bands; OND = other neurologic disease individuals; PPMS = primary
progressive MS individuals; RRMS = relapsing-remitting MS individuals.
Categorical variables were shown as absolute and relative frequencies. Continuous variables were presented by median and Q1-Q3 = first quartile-third
quartile.
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bigger cohort of 107 samples (26 OND, 32 RRMS, and 49
PPMS) by individual qPCR. We observed that miR-20a-5p
and miR-320b values are dysregulated in PPMS against
RRMS and OND. In addition, miR-26a-5p and miR-485-3p
were downregulated in PPMS vs RRMS, and miR-142-5p was
upregulated in RRMS compared with OND (Table 3 and
Figure 2).

When subclassifying the PPMS cohort, miR-20a-5p levels
were significantly upregulated in noninflammatory PPMS and
inflammatory PPMS vs OND and miR-186-5p levels were
significantly reduced in inflammatory PPMS (eTable 3, links.
lww.com/NXI/A782).

Correlation of Serum miRNA Levels With
Radiologic and Clinical Variables
The correlation in the PPMS cohort between serum miRNA
levels in the validation stage and the number of T2 and Gd+
lesions in MRI and EDSS at sampling was studied. Lower

levels of miR-142-5p and miR-148a-3p were associated
with higher number of T2 lesions (rs = −0.393, p = 0.096;
rs = −0.531, p = 0.019, respectively). At the same time,
increased miR-142-5p levels correlated with higher number
of Gd+ lesions (rs = 0.467, p = 0.006). Last, lower EDSS
scores and higher serum levels of miR-652-3p were associ-
ated (rs = −0.482, p = 0.023) (Table 4).

Classification of Evidence Assignment
Circulating miRNA signatures might be potential biomarkers
in MS to discriminate subtypes and MS individuals from
OND participants. This study provides Class II evidence that
miRNA profiles accurately distinguish PPMS fromRRMS and
OND individuals. Specifically in serum samples, miR-20a-5p
and miR-320b might differentiate PPMS from RRMS and
OND, miR-26a-5p and miR-485-3p might show differential
expression in PPMS compared with RRMS, and higher miR-
142-5p levels might be characteristic of RRMS compared
with OND.

Table 2 Differential miRNA Expression Among Groups in CSF Samples in the Validation Phase

miRNA Comparison
OND
Median (Q1–Q3)

RRMS
Median (Q1–Q3)

PPMS
Median (Q1–Q3) p Value

let-7b-5p 0.126 (0.061–0.605) 0.083 (0.036–0.297) 0.068 (0.023–0.091) 0.033

OND vs RRMS — — — 0.782

OND vs PPMS — — — 0.029

RRMS vs PPMS — — — 0.370

miR-125a-5p 0.895 (0.492–2.907) 0.723 (0.437–1.780) 0.892 (0.671–2.078) 0.825

OND vs RRMS — — — 1.000

OND vs PPMS — — — 1.000

RRMS vs PPMS — — — 1.000

miR-143-3p 5.111 (2.068–7.909) 3.241 (1.933–5.517) 2.409 (1.333–4.573) 0.045

OND vs RRMS — — — 0.833

OND vs PPMS — — — 0.039

RRMS vs PPMS — — — 0.612

miR-451a 2.274 (1.003–9.797) 1.657 (0.358–5.752) 2.506 (0.235–17.464) 0.584

OND vs RRMS — — — 1.000

OND vs PPMS — — — 1.000

RRMS vs PPMS — — — 1.000

miR-9-5p 2.288 (0.734–6.589) 1.365 (0.722–3.414) 1.404 (0.864–5.106) 0.609

OND vs RRMS — — — 0.958

OND vs PPMS — — — 1.000

RRMS vs PPMS — — — 1.000

Abbreviations: MS = multiple sclerosis; OND = other neurologic disease individuals; PPMS = primary progressive MS individuals; RRMS = relapsing-remitting
MS individuals.
Q1-Q3: first quartile-third quartile. Statistical differences were determined by Kruskal-Wallis.
Bold entries indicate p < 0.050.
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Discussion
In this study, we investigated the potential role of circulating
miRNAs to differentiate PPMS from OND and RRMS. We
identified downregulation in let-7b-5p and miR-143-3p in
PPMS CSF samples compared with OND. In addition, differ-
ential expression in miR-20a-5p, miR-320b, miR-26a-5p, and
miR-485-3p was found in serum of PPMS individuals by
comparing with RRMS andOND. Taken together, our findings
provide possible miRNAs candidates to differentiate PPMS and
potential targetable biological pathways involved in PPMS.

RRMS is mainly associated with an inflammatory burden,
whereas PPMS is characterized by demyelination and dis-
ability from the onset.23 Even if the pathologic mechanisms
causing tissue damage in both RRMS and PPMS overlap,
some characteristics differ enormously. Although focal

inflammatory lesions with an accumulation of T and B cells
and blood-brain barrier leakage are the main pathologic in-
dicators of RRMS, the gradual accumulation of disability
characteristic of PPMS individuals might be the result of
diffuse immunemechanisms and neurodegeneration.23 Most
current DMTs are largely only suitable for RRMS because
they decrease relapse frequency and new lesion formation.
Recently, some clinical trials have shown the efficacy of
B-cell depletion therapy in PPMS individuals.24 Several
studies have also suggested the benefits of an early treatment
with high efficacy DMTs to delay neurologic damage.25

However, one unmet need might be finding remyelinating
therapies that could restore damage and function, preventing
neurodegeneration.26

miRNA studies in MS have gained attention recently due to
the new insights they can offer.27 Beyond their role as

Figure 1 Differentially Expressed miRNAs in CSF in the Validation Phase

Dot plots for normalized values of (A) let-7b-5p, (B)miR-125a-5p, (C)miR-143-3p, (D)miR-451a, and (E)miR-9-5p in CSF samples. Thedot indicates one sample, and the
line indicates the median. The Kruskal-Wallis test and Mann-Whitney U test for the post hoc analysis were used to determine statistical differences among groups.
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biomarkers, miRNA studies might also provide new concepts
into disease pathology because MS etiology is still unknown,1

and deep into therapeutic targets,27 to address new challenges
as limiting progressive degeneration or restoring function.28

The therapeutic potential for MS of several miRNAs such as
miR-155, miR-326, miR-20a, or miR-219a by targeting its
inhibition or overexpression has already been explored in
mouse models.27,29,30

Although most studies have been focused on analyzing miRNA
profiles in blood cells27 or even in postmortem brain lesions of
patients with MS,31 circulating miRNAs in serum present lots of
advantages to be considered promising biomarkers.32 In addi-
tion, as CSF is in direct contact with CNS organs and it might
mirror neurologic events, miRNA CSF studies might be really
valuable to deepen the knowledge of MS pathology.33 However,
some challenges need to be solved to fully exploit miRNA po-
tential in this field and overcome the lack of replication among
studies and conflicting results such as methodological hetero-
geneity, lack of controls, reduced samples sizes, poor experi-
mental designs, or handling missing data.34

Since the first analysis of circulating miRNAs in the CSF of
patients with MS was published,13 a total of 12 MS studies ana-
lyzing miRNA expression in CSF samples have been reported.
Four of them performed a preliminary screening phase using
high-throughput platforms as TaqMan Low Density Arrays15,16

or arrays,13,35 whereas the rest only analyzed the expression
of specific individual miRNAs. Three studies used CSF samples
from PPMS, and while 2 of them only analyzed specific
miRNAs,14,36 Haghikia et al.13 could not find any statistical
change during their profiling in PPMS probably due to the small
size of the cohort (n = 6). However, none of these CSF MS
studies aimed to specifically uncovermiRNA signatures in PPMS
individuals. Therefore, we aimed to characterize for the first time
a specific miRNA profile of patients with PPMS compared with
OND and RRMS in both CSF and serum samples.

In this study, let-7b-5p and miR-143-3p were found down-
regulated in CSF samples of PPMS compared with OND.
Although let-7b-5p did not present statistical significance in
the screening phase, it was chosen to be analyzed in the
posterior validation stage because it has been described as

Table 3 Differential miRNA Expression Among Groups in Serum Samples in the Validation Phase

miRNA Comparison OND median (Q1–Q3) RRMS median (Q1–Q3) PPMS median (Q1–Q3) p Value

miR-142-5p 0.379 (0.267–0.491) 0.618 (0.379–0.909) 0.501 (0.299–0.774) 0.042

OND vs RRMS — — — 0.036

OND vs PPMS — — — 0.392

RRMS vs PPMS — — — 0.565

miR-20a-5p 0.261 (0.174–0.361) 0.341 (0.260–0.455) 0.453 (0.317–0.603) 0.002

OND vs RRMS — — — 0.439

OND vs PPMS — — — 0.002

RRMS vs PPMS — — — 0.134

miR-26a-5p 0.388 (0.295–0.546) 0.471 (0.317–0.693) 0.343 (0.261–0.506) 0.042

OND vs RRMS — — — 0.572

OND vs PPMS — — — 1.000

RRMS vs PPMS — — — 0.036

miR-320b 0.045 (0.016–0.073) 0.032 (0.017–0.052) 0.018 (0.010–0.048) 0.094

OND vs RRMS — — — 1.000

OND vs PPMS — — — 0.170

RRMS vs PPMS — — — 0.281

miR-485-3p 0.004 (0.002–0.007) 0.006 (0.004–0.008) 0.003 (0.002–0.006) 0.051

OND vs RRMS — — — 0.257

OND vs PPMS — — — 1.000

RRMS vs PPMS — — — 0.056

Abbreviations: MS = multiple sclerosis; OND = other neurologic disease individuals; PPMS = primary progressive MS individuals; RRMS = relapsing-remitting
MS individuals.
Q1-Q3: first quartile-third quartile. Statistical differences were determined by Kruskal-Wallis.
Bold entries indicate p < 0.050.
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dysregulated in different MS studies. In line with our results, it
has been recently described that CSF let-7b-5p levels were
significantly reduced in patients with PPMS and it was found

negatively correlated with clinical disability at disease onset
and after a follow-up period.37 let-7b-5p has also been found
upregulated in peripheral blood of pediatric MS cases

Figure 2 Differentially Expressed miRNAs in Serum in the Validation Phase

Dot plots for normalized values of (A) miR-142-5p, (B) miR-20a-5p, (C) miR-26a-5p, (D) miR-320b, and (E) miR-485-3p in serum samples. The dot indicates one
sample, and the line indicates the median. The Kruskal-Wallis test and Mann-Whitney U test for the post hoc analysis were used to determine statistical
differences among groups.

Table 4 Association of Serum miRNA Levels With Radiologic and Clinical Variables at Sampling in the PPMS Cohort

T2 lesions Gd + lesions EDSS

rs p Value n rs p Value n rs p Value n

miR-142-5p −0.393 0.096 19 0.467 0.006 34 0.239 0.284 22

miR-148a-3p −0.531 0.019 19 0.293 0.093 34 0.066 0.773 22

miR-652-3p 0.048 0.844 19 0.002 0.989 34 −0.482 0.023 22

Abbreviations: PPMS = primary progressive multiple sclerosis; rs = rho of Spearman.
The Spearman correlation test was used to measure the correlation levels between serum miRNA levels and number of T2 or Gd + lesions or EDSS at
sampling.
Bold entries indicate p < 0.050.
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compared with healthy controls,38 and its expression changes
during interferon-β treatment.39 Indeed, it has been suggested
as a protective factor for MS course, in both inflammation and
clinical disability, although further experiments are needed to
elucidate this aspect. Regarding miR-143-3p, it was found
downregulated in different studies focused on MS. Its
downregulation was evident in astrocytes from active MS le-
sions.40 In experimental ischemic injury, inhibition of miR-
143-3p has been related to glucose metabolism.41 Since
glucose is the main nutrient used by the brain and neuro-
transmission processes are high energy-consuming, deepen-
ing into metabolic pathways involving miR-143-3p would be
of interest to elucidate possible therapeutic targets for MS.

Despite the observed differences, we could not find dysregu-
lated miRNAs that differentiate the PPMS group from both
RRMS and OND in CSF samples. On the contrary, miR-20a-
5p and miR-320b in serum might assume that role because
their levels were increased and decreased in PPMS, re-
spectively. In this regard, miR-20 has been described as a
contributor to the immune cell signature observed in MS in-
volving regulation of T-cell activation.42 Thus, these miRNAs
may provide useful targets for new therapeutic approaches. In
addition, other changes in serum samples were observed in
this study because miR-26a-5p and miR-485-3p levels were
downregulated in PPMS vs RRMS, whereas miR-142-5p
was found upregulated in RRMS against OND. It is of
interest that upregulation of miR-142-5p has been found in
white matter lesions and in normal-appearing white matter,
which might also modulate inflammatory processes.43

There are 2 published studies whose aims were to associate
miRNA expression in serum samples with MRI measures and
phenotypes in MS.44,45 Correlations between miR-142-5p
and miR-148a-3p and the number of T2 lesions and Gd +
lesions, respectively, in the PPMS cohort have also been de-
scribed in this study. Only miR-142-5p levels were found
associated with the T1:T2 ratio in one of the studies.45

Regarding clinical variables in the studied cohort, 1 statisti-
cally significant difference was observed. Although we tried to
match samples of similar ages among the 3 studied groups in
the screening phase when increasing the cohort for the vali-
dation phase, the RRMS group was statistically younger than
PPMS and OND. It has already been established that the age
at clinical onset in PPMS is higher than the one observed in
RRMS.46 For this reason, at least, an OND cohort comparable
with PPMS in age was used to be able to avoid possible
miRNA dysregulation due to aging.

In conclusion, this study was focused on describing miRNA
profiles in CSF of PPMS individuals. The fact that the validation
cohort of this study comprised samples coming from 3 different
centers strengthened the miRNA expression results with a
global character. However, this specific characteristic provided
at the same time one of the main limitations in this study, the
existence of multiple missing data regarding radiologic and

clinical information from patients withMS. In addition, we were
unable to find a CSF miRNA that distinguished PPMS from
OND and RRMS. Sample size should be increased, and some
other potential miRNAs such as miR-125b-5p or miR-29a-3p
might be analyzed. Total RNA extracted from cell-free CSF was
analyzed in this study instead of focusing on exosomes, small
vesicles containing miRNAs that might provide information
about their cellular origin.47 Despite the mentioned deficiencies
and the preliminary nature of this work, let-7b-5p andmiR-143-
3p are firm candidates to be analyzed in further functional
studies to unravel their potential biological role in PPMS and
serum dysregulated miRNAs might be potential candidates that
might differentiate MS subtypes.
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