Mol Neurobiol
DOI 10.1007/s12035-016-0235-2

@ CrossMark

Circulating microRNA Profiles as Liquid Biopsies
for the Characterization and Diagnosis

of Fibromyalgia Syndrome

Andrea Masotti' &Antonella Baldassarre ' &Maria Paola Guzzo? &Cristina Iannuccelli® &

Christian Barbato® &Manuela Di Franco?

Received: 27 August 2016 / Accepted: 17 October 2016
# Springer Science+Business Media New York 2016

Abstract This work was aimed at investigating the circulat-
ing microRNA (miRNA) profiles in serum and saliva of pa-
tients affected by fibromyalgia syndrome (FM), correlating
their expression values with clinical and clinimetric parame-
ters and to suggest a mathematical model for the diagnosis of
FM. A number of 14 FM patients and sex- and age-matched
controls were enrolled in our study. The expression of a panel
of 179 miRNAs was evaluated by qPCR. Statistical analyses
were performed in order to obtain a mathematical linear mod-
el, which could be employed as a supporting tool in the diag-
nosis of FM. Bioinformatics analysis on miRNA targets were
performed to obtain the relevant biological processes related
to FM syndrome and to characterize in details the disease. Six
miRNAs were found downregulated in FM patients compared
to controls. Five of these miRNAs have been included in a
linear predictive model that reached a very high sensitivity
(100 %) and a high specificity (83.3 %). Moreover, miR-
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320b displayed a significant negative correlation (r = —0.608
and p = 0.036) with ZSDS score. Finally, several biological
processes related to brain function/development and muscular
functions were found potentially implicated in FM syndrome.
Our study suggests that the study of circulating miRNA pro-
files coupled to statistical and bioinformatics analyses is a
useful tool to better characterize the FM syndrome and to
propose a preliminary model for its diagnosis.

Keywords Fibromyalgia syndrome - Pain - Depression -
Circulating miRNAs - Liquid biopsies - Biomarkers

Introduction

Fibromyalgia (FM) is a syndrome characterized by chronic
widespread pain, which affects about 2 % of the general pop-
ulation, especially females. However, recent evidence has pro-
vided insights into the presence and impact of FM in children
and adolescents [1, 2] and widespread pain has a prevalence
from 2 to 6 % in schoolchildren [3]. In 1990, the criteria of the
American College of Rheumatology (ACR) defined FM by
the presence of widespread pain for more than 3 months and
tenderness on palpation of at least 11 of 18 painful points
called tender points (TPs) [4]. The new ACR criteria (2010)
did not recommend to consider TPs for the diagnosis, but
other two parameters: the widespread pain index and the
symptom severity scale score which considers somatic and
cognitive symptoms [5].

Despite numerous studies, the pathogenesis of FM is not
completely known although a combination of genetic and en-
vironmental factors (i.e., psychological and physical
stressors), neurotransmitters, hormones, cytokines, and im-
mune factors seem to be involved [6].
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The principal mechanism apparently implicated in the
pathogenesis of the disease is the central sensitization charac-
terized by enhanced peripheral nociceptive input as well as
abnormal central pain processing of the central nervous sys-
tem (CNS) [7]. This mechanism is responsible of hyperalgesia
(increased sensitivity to pain) and allodynia (pain due to a
non-painful stimulus), peculiar of FM.

Another pathogenetic hypothesis involves the hypothalamic—
pituitary—adrenal (HPA) axis dysfunction, which is responsible
for an altered stress response [8]. Moreover, together with auto-
nomic nervous system (ANS), the HPA axis contributes to pre-
serve homeostasis through the release of neurotransmitters [9].
Many authors suggested the presence of a linkage among the
HPA axis, ANS, T-lymphocytes, and cytokines and focused their
research on profiling cytokines or on studying hormone dysfunc-
tions in FM patients, but results were contradictory [10].

The prevalence of FM in first-degree relatives of FM pa-
tients has been also evaluated [11]. Other authors analyzed
family aggregation of FM showing also a co-aggregation of
FM with mood disorders in families; these data suggest that
probably genetic factors are involved in the etiology of the
disease [12]. Also, different polymorphisms could contribute
to FM susceptibility, although findings were discordant [13].

Therefore, owing to the lack of specific biomarkers able to
characterize different aspect of FM disease, the diagnosis of
FM is made entirely on clinical features.

In the last few years, the discovery of extracellular
microRNAs (miRNAs) in biological fluids (circulating
miRNAs) has generated a great interest for their potential
use as biomarkers [14]. MiRNAs are short (~22 nt in length)
non-coding RNAs that act as post-transcriptional regulators in
many tissues, both in physiological and pathological condi-
tions [15]. Bioinformatics tools predicted the presence of hun-
dreds mRNA targets for each miRNA [16], suggesting that
many genes are subject to miRNA-mediated regulation.
Circulating miRNAs are stable and resistant to RNAses diges-
tion, extreme pH, high temperatures, extended storage, and
multiple freeze-thaw cycles, and can be reliably analyzed by
quantitative PCR (qPCR) assays [17].

Recently, two profiling studies of circulating miRNAs, in
cerebrospinal fluid [18] and in serum [19], have been reported
with the aim to evaluate their potential as circulating bio-
markers in FM, but no correlations with clinical parameters
have been done. Similarly, the expression of miRNAs from
peripheral blood mononuclear cells (PBMCs) indicated a
marked downregulation of many miRNAs but no significant
correlations with cardinal symptoms of FM could be identi-
fied. Moreover, in all these studies, little is known about the
initial status (i.e., pharmacologic treatment with analgesics) of
the patients before blood withdrawal. In fact, it is known that
also drugs may influence the expression level of circulating
miRNAs [20]. Therefore, in order to minimize the analgesic-
related effects on miRNA expression, we accurately selected
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FM patients and analyzed the expression of serum and saliva
miRNAs. The correlation of circulating miRNAs with
clinimetric parameters allowed us to obtain further insights
into FM disease.

Methods
Patients

During a 1-year period, 14 consecutive adult patients affected
by FM, according to both the 1990 and 2010 ACR criteria [4,
5], referring for the first time to the Clinic for the Diagnosis
and Therapy of FM of the Unit of Rheumatology, Sapienza
University of Rome, complaining of pain VAS >6 (range from
0 to 10), with positivity of at least 14 TPs and free from drugs
at the time of evaluation, were enrolled.

The use of drugs usually prescribed for FM, like tricyclic
antidepressants, antiepileptic drugs, selective serotonin reuptake
inhibitors (SSRI), serotonin—norepinephrine reuptake inhibitors
(SNRI) was prohibited at the time of enrolment and if these drugs
were taken before, 3 months of washout were required.
Acetaminophen was permitted 48 h before blood sampling. In
the same period, healthy donors (i.e.,controls) were enrolled. All
patients underwent clinical examination with TP count. Patients
and controls completed the following questionnaires:
Fibromyalgia Impact Questionnaire (FIQ), Fibromyalgia
Assessment Status (FAS), Health Assessment Questionnaire
(HAQ), and Zung Self-Rating Anxiety and Zung Self-Rating
Depression Scale (ZSAS,ZSDS) in validated Italian version.

The FIQ is a self-administered instrument that evaluates the
health status of women with FM. It is composed of 10 items
that measure physical functioning, work status, depression,
anxiety, sleep, pain, stiffness, fatigue, and well-being [21].
The FAS is a short self-administered questionnaire, composed
of three items: pain, fatigue, and sleep disturbances. It provides
a single composite measure of disease activity in FM patients
[22]. The HAQ is one of the first self-report functional status
measures and it is especially used in patients with arthritis; it is
based on five patient dimensions: disability, pain, medication
effects, costs of care, and mortality [23]. The questionnaires on
anxiety and depression that we administered have been devel-
oped and validated by Zung [24, 25]. The test of anxiety has the
function of providing a quantitative measure of the level of
anxiety currently present in an individual, whereas the test of
depression serves to detect a depressive tendency in a subject.

Patients with inflammatory or autoimmune diseases, oste-
oarthritis, neurologic, or psychiatric disturbances were exclud-
ed from the study. The study was conducted according to the
protocol and good clinical practice principles and the
Declaration of Helsinki statements. All patients gave their
informed consent and the study was approved by the local
Ethical Committee.
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Sample Collection and RNA Isolation At the time of blood
sampling, patients and controls were fasted. Blood samples
from FM patients (n = 14) and healthy donors (n = 14) were
collected in SST II Advance tubes (BD Biosciences) and kept
at room temperature for 30 min to clot. Serum was obtained
(1800 g for 15 min at 4 °C), checked for hemolysis by spec-
trophotometry at 414 nm (Nanodrop 2000, Thermo Scientific)
and stored in cryovials at —80 °C until analysis. Blood samples
were processed within 2 h after collection. Circulating
miRNAs were extracted from serum (200 pl) using
miRCURY RNA Isolation Kit-Biofluids (Exiqon) following
the manufacturer’s instruction. Spike-ins (RNA spike-in kit,
Exiqon) and carrier RNA (MS2, Roche) were added before
sample extraction. RNA samples were stored at —80 °C until
use.

Circulating miRNAs Patients and controls were divided into
two age-matched groups (n = 7 each). For each group, sera
(30 ul each) were pooled in a single sample (210 ul). RNAs
were extracted and reverse transcribed in 20-ul reactions
using the miRCURY LNA™ Universal RT cDNA Synthesis
Kit (Exiqon) and assessed using the Serum/Plasma Focus
miRNA PCR Panel I+II (96-wells, Exiqon) by qPCR
(7900HT, Applied Biosystems). The expression levels of se-
lected miRNAs were further evaluated by single assays by
using specific LNA™ PCR primer set. After evaluating the
expression of miR-16-5p, miR-103a-3p, and miR-191-5p, on-
ly miR-16-5p was used for normalization.

Statistical Analysis

The raw Cq values from amplification curves were normalized
by global mean using the GenEx qPCR analysis software
(Exigon ver 5). Statistically significant (p < 0.05) miRNAs
with a fold change (FC) smaller than —1.5 (FC < —-1.5) and
greater than 1.5 (FC > 1.5) compared to controls were obtain-
ed. Expression values of statistically significant miRNAs were
correlated (Spearman’s) with clinical and clinimetric parame-
ters. Statistics, correlation analyses (SPSS ver.12) and receiver
operating characteristics (ROC) curves for each miRNA
(SigmaPlot Ver.10.0) were performed. To obtain a predictive
model, we calculated a generalized linear model based on
expression values of the statistically significant miRNAs
(function glm in R Bioconductor) (http://www.bioconductor.
org/) [26].

Bioinformatics Target Prediction of Dysregulated
miRNAs and Gene Ontology

Target prediction was carried out by using an already reported
procedure [27] that integrates the prediction of three different
prediction algorithms (i.e., TargetScan, MiRanda, and PITA).
The list of target genes was employed in further analyses. We

also performed a bioinformatics analysis by miR-Ontology
Database miR0 (http://ferrolab.dmi.unict.it/miro/) to find the
potential biological role of miRNA targets significantly
dysregulated in patients compared to controls. We performed
Gene Ontology, KEGG pathway enrichment analysis, and
annotation by DAVID bioinformatics tool [28] to determine
the biological processes and signaling pathways in which the
predicted targets of the deregulated miRs were involved.

Results

Patients ' Characteristics The study population consisted of
14 female patients, without diagnosis of autoimmune diseases,
psychiatric disorders, and neuromuscular diseases, and 14
healthy controls matched for sex and age. The mean age was
43.8 years (range from 24 to 56 years) in FM group and
42.3 years (range from 28 to 56 years) in the control group.
The mean age of onset of the disease was 40 years (range from
24 to 50 years). Family history was negative for FM. All
patients underwent clinical examination with TP count, blood
withdrawal, and they completed the questionnaires. No one in
the groups was taking drugs. All enrolled patients received
diagnosis of FM for the first time; thus, they had never re-
ceived any specific drug treatment for FM. The clinical and
clinimetric data of the two groups have been reported in
Table 1. According to the ACR 2010 criteria, all patients
had a widespread index (WPI) >7 and a symptom severity
scale (SS) >5 (or WPI from 3 to 6 and SS >9) with a statistical

Table 1  Clinimetric data. Demographics and clinimetric characteristics
of FM patients and healthy controls. Values were reported as mean values
(minimum and maximum values are reported in parentheses)

Healthy controls ~ FM patients T test

(n=14) (n=14) (p value)
Age (years) 42.3 (28 to 56) 43.8 (24 to 56) 0.652
WPI 19 (0to5) 11.6 (6 to 15) <0.001
SS SCORE 23 (0to5) 104 (8to 12) <0.001
TP - 15.5 (12 to 18) -
FIQ 5.708 (0 to 23.43) 68.6 (41910 99.0) <0.001
VAS work ability 02 (to 1) 7.5 (4 to 10) <0.001
VAS pain 04 (0to3) 84 (5to 10) <0.001
VAS tiredness 08 (0to4) 8.6 (5t0 10) <0.001
VAS sleep quality 0.6 (0 to 2) 8.4 (5to 10) <0.001
VAS stiffness 06 (0to4) 79 (3 to 10) <0.001
VAS anxiety 0.7 (0to 3) 72 (1to 10) <0.001
VAS depression 020to1) 5.1 (0to 10) <0.001
HAQ 020to1) 10(0to24) <0.001
FAS 14 (0to5) 8.0 (53 to 10) <0.001
ZSAS 27.8 (20 to 35) 50.1 (36 to 63) <0.001
ZSDS 28.0 (20 to 50) 48.1 35t059) <0.001
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significant difference with the controls (p < 0.001). In order to
set a homogeneous cohort of patients, we decided to include
only subjects who complained about pain with VAS higher
than six and that presented at least 14 TPs at physical exam-
ination. The FIQ total score was greater in the group of pa-
tients compared to the healthy controls (p < 0.001) as well as
single visual analog scale (VAS) that compose it: VAS work
ability, VAS pain, VAS tiredness, VAS sleep quality, VAS
stiffness, VAS anxiety, VAS depression (p < 0.001).
Moreover, all the other scores used (HAQ, FAS, ZSAS,
ZSDS) were significantly higher in FM patients (p < 0.001).

Five miRNAs Are Differentially Expressed in the Pooled
FM Sera The exploratory profiling of circulating miRNAs
revealed that five miRNAs were significantly (p < 0.05) and
differentially regulated in patients with FM compared to
healthy controls (Table 2). In particular, three miRNAs
(miR-10a-5p, miR-320b, and miR-424-5p) were upregulated
(FC >1.59), whereas two miRNAs (miR-20a-3p and miR-
139-5p) were downregulated (FC <—1.57). Moreover, we
have found that the expression levels of mir-10a-5p and mir-
139a-5p were very low compared to the other miRNAs and
quite close to the experimental limit of detection.

Six miRNAs Are Differentially Expressed in Individual
FM Sera To confirm the differential expression of those
miRNAs found deregulated by the preliminary exploratory
profiling, we decided to include other miRNAs in the analysis
of individual samples. We selected some miRNAs that result-
ed up- or downregulated in one or another of the two pools
(data not shown), or that belonged to the same miRNA family
or cluster of those miRNAs found significantly deregulated in
the profiling. In particular, we decided to include the follow-
ing miRNAs: mir-1, mir-133a, mir-10b-5p, mir-143-3p, mir-
29b-2-5p, mir-346, and mir-320a. Therefore, we evaluated the
expression of a total of 17 miRNAs, of which five were the
controls (i.e., miR-23a-3p and miR-451a to evaluate hemoly-
sis and miR-103, miR-191 and miR-16 as endogenous con-
trols). We evaluated the stability of the three endogenous

Table 2  Differentially expressed miRNAs detected in the pooled sera
from patients with FM after profiling

FM patients

miRNA name Relative quantity

(FC = St. Dev)

Significance (p value)

hsa-miR-10a-5p 1.59+0.05 0.026
hsa-miR-320b 1.65+0.05 0.030
hsa-miR-424-5p 1.75+0.05 0.036
hsa-miR-20a-3p -292+005 0.037
hsa-miR-139-5p -1.57+005 0.031

controls by inspecting the relative variation (i.e., standard de-
viation) of Cq values among different samples, and we found
(data not shown) that miR-16 was the most stable endogenous
controls compared to the other two. Therefore, we employed
this miRNA for further normalization and analysis. Of these
miRNAs, only six miRNAs resulted significantly deregulated
(Table 3). Interestingly, the expression level of analyzed
miRNAs resulted downregulated when the normalization with
miR-16 was applied. In particular, miR-1 showed the greatest
downregulation (FC = —3.29). Of note, miR-23a-3p showed a
significant downregulation (FC = —=2.94) in FM patients.

Correlation Between miRNA Expression and Clinical
Parameters in FM Patients We examined the correlation
between the level of differentially expressed miRNAs in pa-
tients with FM and the clinical and clinimetric parameters
used for the identification of the disease. Among all consid-
ered parameters, we found only a significant negative corre-
lation (r = —0.608 and p = 0.036) between miR-320b and the
ZSDS value.

Receiver Operating Characteristics (ROC) Curves To
evaluate whether the significantly deregulated miRNAs could
be used as predictors of FM disease, we calculated the receiver
operating characteristic (ROC) curves for each miRNAs
(Table 4 and Supplementary Information). We noticed that
single miRNAs displayed an area under the curve (AUC)
greater than ~0.7. miR-1 displayed the highest AUC
(0.7970) with a specificity of 76.9 % and a sensitivity of
72.7 %, whereas miR-133a displayed the lowest AUC
(0.6859), a sensitivity of 53.8 % but a specificity of 100 %
(Table 4 and Fig. 1). We therefore calculated a generalized
linear model based on the statistically significant miRNAs in
FM respect to the controls (Fig. 1). The best model was ob-
tained by taking into account only five miRNAs: miR-23a-3p,
miR-1, miR-133a, miR-346, and miR-320b. In our

Table 3  Differentially expressed miRNAs in individual FM sera
FM patients
Relative Significance
Quantity (FC £ St. Dev) (p value)

hsa-miR-23a-3p 034+0.13 0015
(-294)

hsa-miR-1 030+0.10 0013
(=329

hsa-miR-133a 040+0.10 0.037
(=249

hsa-miR-346 0.56 £0.04 0.032
(-1.80)

hsa-miR-139-5p 048 £0.05 0.029
(=2.09)

hsa-miR-320b 0.63+£0.02 0.008
(=159
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Table 4 Receiver operating characteristics (ROC). Area under the
curve (AUC) for each miRNA is reported together with the correspondent
sensitivity and specificity

AUC Sensitivity (%) Specificity (%)
hsa-miR-23a-3p 0.769 615 923
hsa-miR-1 0.797 727 769
hsa-miR-133a 0.686 53.8 100.0
hsa-miR-346 0.724 500 923
hsa-miR-139-5p 0.736 417 100.0
hsa-miR-320b 0.782 750 84.6
Model (5§ miRNAs) 0954 100.0 833

experimental set-up, this model was able to achieve a 100 %
sensitivity and a high specificity (83.3 %) (Fig. 1). The addi-
tion of miR-139-5p did not increase or modify the predictive
capability of the model and it was therefore not considered in
the analysis.

Putative Targets of Deregulated miRNAs and Their
Function We carried out a bioinformatics analysis to identify
the gene targets of deregulated miRNAs, by following an
already reported procedure that exploits the predictions of
three different algorithms (TargetScan, MiRanda, and Pita)
[27]. The genes, putatively targeted by dysregulated
miRNAs in FM, belong to different pathways and biological
processes related to the disease (Fig. 2). Among the significant
pathways (Benjamini and Hochberg post hoc corrected p-
values), we found tight junction (p value = 0.021) and
adherens junction (p value = 0.015), whereas the biological
processes were related to transcription (p value = 1.32E-04)
and regulation of transcription (p value = 3.91E-05), regula-
tion of RNA metabolic process (p value = 0.001), and

1.0 4
0.8 1
2 06 1
=
‘@
S —— miR-1
o 041 AUC = 0.797
Sens.= 72.7%
Spec.= 76.9%
0.2 4 Model of 5 miRNAs
' AUC=0.954
Sens.= 100.0%
Spec.= 83.3%
0.0

T T T T T T

0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Fig. 1 Receiver operating characteristic (ROC) curve of miR-1 (red) and
of the cumulative model (blue) obtained by the combination of five dif-
ferent miRNAsS (i.e., miR-23a-3p, miR-1, miR-133b, miR-346, and miR-
320b)

intracellular receptor-mediated signaling pathway (p val-
ue = 0.030). Interestingly, many target genes were related to
the neurotrophin signaling pathway (Table S1) and axon guid-
ance (Table S2), neurotransmitter transporter activity
(Table S3) or were found as synapse (Table S4) or cell cortex
components (Table S5).

Expression Levels of Circulating miRNAs in Saliva of FM
Patients Saliva has been considered another potential source
for liquid biopsies. To evaluate if the saliva of patients affected
by FM also contain the same dysregulated miRNAs found in
their sera, we analyzed the expression levels only of the six
statistically dysregulated miRNAs. Interestingly, only a half of
miRNAs (miR-23a-3p, miR-346, and miR-320b) were
expressed in saliva. However, their expression values were
not statistically different compared to controls.

Discussion

The discovery of the upregulation of miR-155 and miR-146a
in animal models of rheumatoid arthritis prompted the study
of the role of miRNAs in other inflammatory pain syndromes
or as a potential therapeutic strategy [29]. In the last few years,
the fundamental role of miRNAs in the regulation of pain
disorders have been reported [30]. The alteration of protein
expression, potentially regulated by microRNAs, has been
hypothesized to be one of the principal culprits of the central
and peripheral sensitization in patients affected by painful dis-
orders (i.e., complex regional pain syndrome, irritable bowel
disorder, endometriosis, osteoarthritis of knee and FM) [30].
This process is necessary to develop and maintain chronic
pain as in FM syndrome [31]. Other studies focused the atten-
tion on the involvement of miRNAs in chronic pain because
of the regulation of specific pain-related genes [32, 33].
However, the pathophysiological mechanism in FM is ambig-
uous, and the Bneurogenic landscape” and the activation of
nociceptive pathways are unclear.

Despite extensive efforts in the FM field, clinicians do
not have unambiguous diagnostic techniques available so
far. Therefore, in recent years, few studies were aimed at
exploring biomarkers of FM by examining the expression
profiles of miRNAs circulating in biofluids such as cere-
brospinal fluid (CSF) [18] and serum [19]. However, the
results of the latter two studies emphasized the correlation
of some FM biomarkers with pain and fatigue. In the first
study, the authors identified nine downregulated miRNAs
(miR-21-5p, miR-145-5p, miR-29a-3p, miR-99b-5p, miR-
125b-5p, miR-23a-3p, miR-23b-3p, miR-195-5p, miR-
223-3p) in CSF respect to control subjects but only miR-
145-5p, which is strongly deregulated in FM, was associ-
ated with FIQ pain and FIQ fatigue, two characteristic
symptoms of FM. A limitation of that work was the lack
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Fig.2 Biological processes of
the genes targeted by the
dysregulated miRNAs found in
FM patients compared to controls
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of bioinformatics analyses aimed at predicting the putative
target genes of dysregulated miRNAs, thus limiting the
impact only on the pathophysiological interpretation of
FM. In the second study, the authors reported that eight
miRNAs were differentially expressed in FM patients, sev-
en were downregulated (miR-103a-3p, miR-107, let-7a-5p,
miR-30b-5p, miR-151a-5p, miR-142-3p, and miR-374b-
5p) and only one, namely miR-320a, was upregulated com-
pared to healthy controls [19]. However, the major limita-
tion of that work was the use of a pharmacologic treatment
with monoamine reuptake inhibitors (i.e., SSRI and SNRI),
which represents a severe confounding factor to miRNAs
analysis and endogenous expression values. In fact, drugs
may affect severely the expression level of circulating
miRNAs [20, 34]. Therefore, an accurate selection of pa-
tients before blood withdrawal is mandatory.

Another recent study examined the expression profiles of
miRNAs to build up a quantitative diagnostic method of FM,
but the authors performed the study on peripheral blood
mononuclear cells (PBMCs) and not on circulating miRNAs
[35]. In any case, although not perfectly comparable with our
or the other two studies on circulating miRNAs, the authors
identified a marked downregulation (at least twofold) of five
miRNAs (miR-223-3p, miR-451a, miR-338-3p, miR-143-3p,
and miR-145-5p).

Interestingly, whatever the biofluids or specimens consid-
ered (i.e., serum, CSF, or PBMCs), the expression levels of
deregulated miRNAs in FM is always lower than that of the
controls, suggesting a potential implication in FM biological
processes.
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A common problem of all of these investigations is the
small number of FM patients analyzed. In our case, to find a
selected Bnovel-diagnosed” population without previous
pharmacological treatments was not trivial. Obviously, we
will need to extend the exploration to a wider cohort of pa-
tients to validate the results that we have found in this work.
Moreover, the dysregulation of miRNAs in circulation could
be either a cause or a consequence of the disease, preventing a
clear attribution of the role of these RNA species. Also the
bioinformatics prediction of miRNA targets is meaningful on-
ly by assuming that these circulating miRNAs, to exploit their
role, should be internalized within the recipient cells where
they can bind to mRNAs.

Despite all of these limitations, we emphasize that also in
our exploratory study, all the significantly modulated
miRNAs are downregulated. In particular, we found six
downregulated miRNAs (miR-23a-3p, miR-1, miR-133a,
miR-346, miR-139-5p, and miR-320b) in FM patients com-
pared to controls. Interestingly, miR-320b showed a signifi-
cant negative correlation with ZSDS value that represents a
score for depressive symptoms reported by patients. This as-
sociation, never reported before, is suggestive of a functional
involvement of this miRNA, as depression is a very common
symptom in FM. Previously, this miRNA has been found
inversely correlated only with pain [19]. Moreover, miR-320
has been reported to promote neurite outgrowth, play a key
role in neuronal development, and improve neuronal regener-
ation after injury [36]. Mir-320 is also deregulated in whole
blood of patients with complex regional pain syndrome, a
disease caused by a dysfunction in the central and/or

\
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peripheral nervous systems and characterized by chronic neu-
ropathic pain [37].

Interestingly, we found a downregulation of miR-23a which
is, instead, generally considered a stable miRNA normalizer for
relative quantification in tissues [38] and in plasma/serum [39].
MiR-23a was found downregulated also in CSF of FM pa-
tients, although not correlated with the cardinal symptoms of
FM [18]. MiR-23a is the first member of the cluster miR-23a/
27a/24-2 and was reported to downregulate MURF1 (an anti-
hypertrophic protein leading to cardiac hypertrophy) and
MAFbx (an atrophic factor) that provides resistance to muscle
atrophy [40]. Therefore, this miRNA could have a role in the
maintenance of skeletal muscle integrity, because it targets key
molecules regulating contractile and metabolic properties of
skeletal muscle, myosin heavy-chains, and peroxisome
proliferator-activated receptor gamma [41].

Interestingly, we found a dysregulation of miR-1 and miR-
133a in FM patients. Recently, the role of miR-1 in modulating
the expression of the Bbrain-derived neurotrophic factor”
(BDNF) has been highlighted [42]. BDNF is a protein belonging
to the family of neurotrophins that has important functions not
only in brain development and synaptogenesis [43], but also in
learning and memory [44],and myogenesis [45]. The alteration of
BDNF has been associated with many nervous system disorders
including Huntington’s disease, depression, and anxiety [42]. In
fact, an adequate level of BDNF are needed to adjust the number
of dopaminergic neurons in the mesencephalic substantia nigra,
whereas the regulation of BDNF expression in the hippocampus
is a crucial process in memory and learning [42].

The upregulation of circulating miR-139-5p, miR-1, and
miR-133a in healthy, trained men during endurance exercises
and training activities has been previously reported [46, 47].
The reduced physical activity of FM patients because of pain
and fatigue symptoms may explain, at least in part, the down-
regulation of these miRNAs in our patients.

Circulating miR-139-5p has been also analyzed in stress-
related psychiatric disorders, where the expression is reduced
in rats resilient to stress conditions [48].

In recent years, the first study carried out on schizophrenia
patients emphasized the slightly reduced expression of miR-346,
suggesting that along with other miRNAs, miR-346 may have a
strong diagnostic potential for neurological diseases [49].

Finally, all of the miRNAs dysregulated in our patients have
several links with the biology and functioning of the central
nervous system, skeletal muscle or have many connections with
physical activity, pain, stress, mood disorders, and depressive
symptoms. Moreover, we suggest that the combination of several
dysregulated miRNAs may represent the basis to obtain a good
predictive model with high diagnostic power. The choice of the
Bliquid biopsy” (i.e., CSF, serum, saliva) is another variable to
consider to reduce variability. In fact, we did not find any corre-
lation between serum and saliva circulating miRNAs, whereas
others did not find any overlap between serum and CSF[18,19].

In conclusion, our study, although limited to a small cohort,
emphasizes that the significant dysregulation of several
serum-circulating miRNAs linked to FM disease may have
neurological and muscular origin. Moreover, further studies
should be dedicated to strengthen these preliminary findings
and to explore whether our results can apply also to juvenile
fibromyalgia [1-3].

Finally, considering that in this first study, we recruited
only patients Bnaive” to therapy, it would be interesting to
evaluate the behavior of miRNAs after treatment.
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