
Full Terms & Conditions of access and use can be found at
https://informahealthcare.com/action/journalInformation?journalCode=iann20

Annals of Medicine

ISSN: 0785-3890 (Print) 1365-2060 (Online) Journal homepage: informahealthcare.com/journals/iann20

MicroRNA profiling in migraine without aura: Pilot
study

Emmanuele Tafuri, Donato Santovito, Velia de Nardis, Pamela Marcantonio,
Camilla Paganelli, Giannapia Affaitati, Marco Bucci, Andrea Mezzetti, Maria
Adele Giamberardino & Francesco Cipollone

To cite this article: Emmanuele Tafuri, Donato Santovito, Velia de Nardis, Pamela
Marcantonio, Camilla Paganelli, Giannapia Affaitati, Marco Bucci, Andrea Mezzetti, Maria Adele
Giamberardino & Francesco Cipollone (2015) MicroRNA profiling in migraine without aura: Pilot
study, Annals of Medicine, 47:6, 468-473, DOI: 10.3109/07853890.2015.1071871

To link to this article:  https://doi.org/10.3109/07853890.2015.1071871

View supplementary material 

Published online: 17 Aug 2015.

Submit your article to this journal 

Article views: 1372

View related articles 

View Crossmark data

Citing articles: 15 View citing articles 

https://informahealthcare.com/action/journalInformation?journalCode=iann20
https://informahealthcare.com/journals/iann20?src=pdf
https://informahealthcare.com/action/showCitFormats?doi=10.3109/07853890.2015.1071871
https://doi.org/10.3109/07853890.2015.1071871
https://informahealthcare.com/doi/suppl/10.3109/07853890.2015.1071871
https://informahealthcare.com/doi/suppl/10.3109/07853890.2015.1071871
https://informahealthcare.com/action/authorSubmission?journalCode=iann20&show=instructions&src=pdf
https://informahealthcare.com/action/authorSubmission?journalCode=iann20&show=instructions&src=pdf
https://informahealthcare.com/doi/mlt/10.3109/07853890.2015.1071871?src=pdf
https://informahealthcare.com/doi/mlt/10.3109/07853890.2015.1071871?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.3109/07853890.2015.1071871&domain=pdf&date_stamp=17 Aug 2015
http://crossmark.crossref.org/dialog/?doi=10.3109/07853890.2015.1071871&domain=pdf&date_stamp=17 Aug 2015
https://informahealthcare.com/doi/citedby/10.3109/07853890.2015.1071871?src=pdf
https://informahealthcare.com/doi/citedby/10.3109/07853890.2015.1071871?src=pdf


  Correspondence: Professor Francesco Cipollone, Istituto di Clinica Geriatrica e Centro di Eccellenza Europeo e di Riferimento Regionale per l ’ Aterosclerosi, 
l ’ Ipertensione Arteriosa e le Dislipidemie, Policlinico  “ SS. Annunziata ” , Universit à   “ G. d ’ Annunzio ” , Via dei Vestini 66, 66100 Chieti, Italy. Fax:  �    39 0871 
357733. E-mail: fcipollone@unich.it  

 (Received   20   January   2015  ; accepted   7   July   2015  )     

                        ORIGINAL ARTICLE    

 MicroRNA profi ling in migraine without aura: Pilot study      

    Emmanuele     Tafuri  1,2  ,       Donato     Santovito  3,4  ,       Velia     de Nardis  3  ,       Pamela     Marcantonio  3  ,       Camilla     Paganelli  3  , 
      Giannapia     Aff aitati  2,5  ,       Marco     Bucci  3  ,       Andrea     Mezzetti  2,3  ,       Maria Adele     Giamberardino  2,5     &         Francesco     Cipollone  2,3    

  1 Emergency Department,  “ G. d ’ Annunzio ”  University of Chieti, Chieti, Italy,  2 Headache Center and Geriatric Clinic, Department of Medicine 
and Science of Aging,  “ G. D ’ Annunzio ”  University of Chieti, Chieti, Italy,  3 Geriatric Clinic and European Center of Excellence on Atherosclerosis, 
Hypertension and Dyslipidemia, Center of Excellence on Aging,  “ G. d ’ Annunzio ”  University of Chieti, Chieti, Italy,  4 Institute for Cardiovascular 
Prevention, Ludwig-Maximilians University, Munich, Germany, and  5  Pathophysiology of Pain Laboratory, Center of Excellence on Aging,  
“ G. d ’ Annunzio ”  University of Chieti, Chieti, Italy                             

   Introduction 
 Migraine is a highly frequent neurological disorder (1-year 
prevalence: 18% in women and 6% in men) and one of the most 
intense and disabling forms of pain that a human being can 
experience (1). In spite of this epidemiological relevance, its 
pathophysiology still remains incompletely known, which results 
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   Key messages    

 Migraine without aura (MO) is associated with changes  •
in circulating microRNAs.   
 MiR-181a, let-7b, miR-27b, and miR-22, which  •
are modulated in MO, are known to be involved 
in important pathways for cardiovascular disease 
development.   
 Evaluation of microRNA expression could represent  •
a new tool for diagnostic/pathophysiologic 
characterization of diff erent forms of migraine also in 
relation to the relative associated CV risk.    

   Background and purpose.  MicroRNAs (miRNAs) are short, 
non-coding RNAs whose deregulation has been shown in several 
human diseases, including pain states and diseases associated 
with increased cardiovascular (CV) risk. This study aimed at iden-
tifying diff erentially expressed circulating miRNAs in patients 
with  ‘ migraine without aura ’  (MO), a pain condition whose link 
with CV risk remains debated. 
  Methods.  Fifteen female MO patients and 13 matching healthy 
controls underwent a circulating microRNA expression profi ling. 
MiR-22, miR-26a, miR-26b, miR-27b, miR-29b, let-7b, miR-181a, 
miR-221, miR-30b, and miR-30e were selected for validation by 
quantitative real-time polymerase chain reaction. 
  Results.  In migraineurs versus controls, four miRNAs were 
diff erentially expressed: miR-27b was signifi cantly up-regulated 
( q     �    0.004), while miR-181a, let-7b, and miR-22 were signifi cantly 
down-regulated ( q  �   0.01). MiR-22 and let-7b down-regulation 
was also confi rmed in circulating blood monocytes. A logistic 
regression model based on microRNA expression profi le showed 
a high accuracy for identifying migraine (AUC of ROC curve: 0.956; 
 P   �  0.001). 
  Conclusion.  A specifi c circulating miRNAs profi le is associated with 
migraine without aura. Remarkably, the same miRNAs are known 
to be modulated in the setting of atherosclerosis and stroke in 
humans. This study represents a fi rst step towards further charac-
terization of MO diagnosis/pathophysiology, also in relation to its 
link with cardiovascular risk.  

 Key words:   Cardiovascular risk  ,   microRNA  ,   migraine  , 
  migraine without aura  

in a lack of objective markers of the disease, with diagnosis 
being based exclusively on clinical criteria (2), and an oft en 
unsatisfactory pharmacologic control of the symptoms due to 
scarce availability of mechanism-based compounds (3). Th e im-
pact of the migraine status on patients ’  health may furthermore 
be complicated by the increased cardiovascular risk that has been 
reported by many studies as being signifi cantly associated with the 
condition. Results of three meta-analyses of observational studies 
showed, for instance, that patients with migraine have a 2-fold 
augmented risk of ischemic stroke; the risk seems to increase with 
increasing migraine attack frequency, and women and younger 
age groups are particularly aff ected (4,5). Although most data 
regard the association of cardiovascular (CV) risk with migraine 
with aura (MA), several studies also suggest a possible increased 
CV risk in migraine without aura (MO), which is of particular 
clinical relevance considering that MO has a much higher inci-
dence in the general population (two-thirds of migraine patients) 
and is also characterized by a higher migraine attack frequency 
than MA (6). To date, however, the actual relationship between 
this form of migraine and the increased CV risk remains debated 
and elusive. On this basis, the aim of our study was to search 
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for objective markers of migraine without aura, with particular 
attention on factors that are also of relevance for cardiovascu-
lar diseases. Since male sex is regarded as an independent risk 
factor for CV risk, in this preliminary study we restricted our 
evaluation to female patients, who also represent the vast majority 
of the migraine population (7). 

 MicroRNAs (miRNAs) are short, non-coding RNAs that 
represent a powerful class of negative post-transcriptional modu-
lators of gene expression (8). Although miRNAs are expressed 
by every cell, some of them are preferentially found in specifi c 
cell types. For example, in vessel walls miR-126 is almost exclu-
sively expressed by endothelial cells — and not by vascular smooth 
muscle cells — resulting in important consequences in terms of 
fi nal target genes expression in the diff erent cell types (9). By 
controlling the expression levels of several key biological targets, 
miRNAs have been shown to play crucial roles in human diseases 
ranging from cancer to infl ammatory diseases, cardiovascular 
diseases, and atherosclerosis (8,10 – 12). 

 Despite their intracellular production, miRNAs are released 
in the extracellular space and show a remarkable stability in the 
blood-stream, raising the possibility that circulating miRNAs 
could serve as potential biomarkers in human diseases (11,13). 
In particular, being regulators of key processes in the nervous 
and infl ammatory systems, miRNAs are likely to be involved in 
pain signalling. Studies in diff erent animal models have indeed 
shown that pain might infl uence miRNA expression in pri-
mary aff erent nociceptors, and deregulation of miRNAs could 
modulate local infl ammation and nociceptor sensitization (14). 
Furthermore, dysregulation of miRNAs has been found in 
patients with complex regional pain syndrome, a neuropathic 
condition also associated with a specifi c infl ammatory profi le 
(15,16), in osteoarthritis pain, and in fi bromyalgia (17 – 19). 
Finally, miRNAs have been associated with ischemic stroke 
in humans (8,10,20 – 22). At this time, however, no evidence is 
available about the expression and the role of miRNAs selec-
tively in the pain condition of  ‘ migraine without aura ’  (MO). 
Th us, in the present study, we performed a profi ling of circulat-
ing miRNAs in MO patients compared to healthy controls as a 
fi rst step towards identifi cation of new biomarkers of this form 
of migraine.   

 Materials and methods  

 Study population 
 We enrolled 15 female patients (aged 34.9    �    SD 10.7 years) 
with a diagnosis of migraine without aura made by a headache 
specialist according to the International Headache Society criteria 
at least 5 years before the start of the study (last criteria published 
at the time of the diagnosis, then confi rmed by the 2013 beta 
revision criteria) (23). Due to the analytical challenges of mi-
croRNA profi ling and the lack of evidence in the literature on the 
expression levels of microRNAs in exosomes of migraineurs, the 
 a priori  evaluation of the sample size was not easily possible. For 
this reason, we empirically enrolled 15 patients and 13 controls. A 
 post hoc  analysis of statistical power based on the data relative to 
microRNA expression in healthy controls revealed that our popu-
lation was able to provide on average a discrete power ( �    80%) 
for detecting 2.5-fold changes in microRNA expression. All the 
patients had a number of monthly attacks ranging between 3 and 
6 in the past 6 months; no prophylactic migraine treatment in 
the past 3 months; absence of any concomitant disease or treat-
ment; a negative urine pregnancy test. A balanced control group 
of 13 female subjects (aged 31.7    �    2.9 years) was considered. Th e 

age diff erence between the migraine and control groups was not 
signifi cant. 

 All participants but one were in their fertile phase of life. 
A positive familial history of headache was present in all patients 
except one, and patients had been suff ering from migraine for 
17.3    �    10 years. Th e mean monthly number of attacks in the 
past 6 months was 4.1    �    1.2. All the subjects gave their informed 
written consent for inclusion in the study.   

 Blood sampling, exosome isolation, and RNA extraction 
 All subjects underwent venous blood sampling in the same relative 
phase of the menstrual cycle (follicular phase) to minimize inter-
subject variability due to hormonal fl uctuations (24). In patients, 
care was taken to collect the venous sample at least 72 hours aft er 
any symptomatic drug assumption for a migraine attack. Although 
circulating microRNAs in the blood-stream could be found both in 
vesicle (including exosomes) and in vesicle-free form, in our study 
we specifi cally investigated the microRNA profi le of exosomes 
isolated from plasma, as studies propose exosomes as vehicles for 
the miRNA-based paracrine (and potentially endocrine) commu-
nication system (11,13,25,26). Exosomes were isolated and RNA 
extracted as previously described (27). Briefl y, 500  μ L of plasma 
were taken from each sample. ExoQuick exosome precipitation 
solution (System Biosciences, Mountain View, CA, USA) (126  μ L) 
was added to plasma to precipitate an exosome pellet, as described 
by the manufacturer. Th is exosome pellet was then treated as a 
normal cell pellet and lysed in 300  μ L of RNeasy Lysis Buff er RLT 
(Qiagen, Hilden, Germany); RNA extraction was then performed 
using a mixture of trizol (Invitrogen) and carrier (MS2 phage carrier 
(Roche Applied Science, Indianapolis, IN, USA)), according to the 
manufacturer ’ s instructions. Th e RNA pellet was washed in ethanol 
75% and then re-suspended in 10  μ L of DNAse/RNase-free water.   

 Peripheral blood monocyte isolation and RNA extraction 
 Peripheral blood mononuclear cells (PBMCs) were ob-
tained by density gradient centrifugation using Ficoll-Paque 
Plus (GE Healthcare Europe, Freiburg, Germany). Total RNA 
enriched for small RNAs was isolated using the trizol (Invitro-
gen, Carlsbad, CA, USA) according to the manufacturer ’ s pro-
tocol. Total RNA concentration and purity were controlled by 
UV spectrophotometry (A260 / A280    �    2.0) using a NanoDrop 
ND 1000 (Th ermoScienti fi c, Wilmington, DE, USA). Th e qual-
ity of RNAs was determined using 1.5% agarose gel.   

 Evaluation of microRNAs levels by real-time polymerase chain 
reaction (qRT-PCR) 
 Evaluation of microRNAs was performed as previously described 
(27). For the microarray analysis, 2  μ L of RNA extracted from 
exosomes from the subjects ’  samples were pooled in order to 
obtain two homogeneous samples ( ‘ migraine ’  and  ‘ control ’ ). 
Aft er reverse transcription carried out using the mirCURY 
LNA TM  Universal cDNA synthesis kit (Exiqon, Copenhagen, 
Denmark), the reactions were performed on a Serum/Plasma 
Focus microRNA PCR Panel 384 well (V1) (Exiqon) according 
to the manufacturer ’ s protocol using the ABI 7900HT (Applied 
Biosystems, Foster City, CA, USA). Th e microRNAs evaluated 
in the screening procedure are listed in Supplementary Table I 
to be found online at http://informahealthcare.com/doi/abs/
10.3109/07853890.2015.1071871. Aft er this fi rst screening, the 
levels of selected microRNAs (let-7b, miR-22, miR-26a, miR-26b, 
miR-27b, miR-29b, miR-30b, miR-30e, miR-181a, and miR-221) 
were assessed by qRT-PCR on each individual sample. For each 
sample, a fi xed volume of 4  μ L of RNA was used in reverse tran-
scription with mirCURY LNA TM  Universal cDNA synthesis kit 
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  Figure 1.     MiRNome analysis for circulating microRNAs in migraine. 
Schematic representation of circulating microRNAs as modulated by 
migraine. Th e  x -axis indicates fold change in expression level on a log 10  scale 
as compared to control subjects.  

(Exiqon). Each qRT-PCR was performed at least in duplicate on 
every individual sample. 

 MicroRNAs profi ling data were analysed using GenEx 
(Exiqon GenEx Pro, Academic) in order to set a more robust data 
normalization, incorporating both NormFinder and GeNorm 
soft ware. MiR-103 and miR-93 (best genes from GenEx) were 
validated in each single sample and then used for normalization 
of qRT-PCR data. Relative quantifi cation (RQ) values were calcu-
lated using the equation RQ    �    2 - Δ  Δ Ct .   

 Peripheral blood monocytic cells: cDNA synthesis and qRT-PCR 
 One microgram of total RNA was used to perform fi rst-strand 
cDNA synthesis with mirCURY LNA TM  Universal cDNA syn-
thesis kit (Exiqon) according to the manufacturer ’ s protocol. Th e 
quantitative RT-PCR was performed using 80    �    diluted cDNA in 
order to quantify the expression of miR-181a, let-7b, miR-22, and 
miR-27b in SYBR Green technologies (Exiqon) according to the 
manufacturer ’ s protocol. Data were normalized using miR-93 and 
miR-103, which showed remarkable stability in our samples.   

 Statistical analysis 
 Statistics were calculated using SPSS 16.0 (SPSS Inc., Chicago, 
IL, USA) and Prism 6.0 (Graphpad Inc., San Diego, CA, USA). 
Log 10 -transformed values were used for all computations to ap-
proximate a Gaussian distribution. Aft er data transformation, 
the normality distribution was tested by the D ’ Agostino – Pearson 
omnibus normality test. Since Gaussian distribution was not 
confi rmed for all the data, the non-parametric Mann – Whitney  U  
test was used to test diff erences between the two groups (Supple-
mentary Figure 1 to be found  online at http://informahealthcare.
com/doi/abs/10.3109/07853890.2015.1071871). Th e probabil-
ity values were corrected for multiple comparisons by using the 
Benjamini – Hochberg approach, and the adjusted  q  values are 
reported. A  q  value    �    0.05 was considered as statistically signifi -
cant. Furthermore, a more restrictive Bonferroni approach was 
also applied. A logistic regression analysis, aimed at identifying 
the ability of deregulated miRNAs correctly to classify the study 
subjects, was performed as previously described (20,27). A ROC 
curve analysis was carried out in order to verify the goodness 
of model fi tting on our study population. A  P  value    �    0.05 was 
considered statistically signifi cant.    

 Results 
 For the initial screening, a microarray covering over 170 miR-
NAs known to be highly enriched in plasma was performed on 
two pooled samples: one including RNAs extracted from plasma 
exosomes of migraine patients and the other from the balanced 
healthy control subjects. In spite of the limitation that the study 
of pooled samples could not provide defi nitive results in terms of 
statistical signifi cance, this screening analysis led us to the identi-
fi cation of 22 potentially dysregulated circulating miRNAs in mi-
graineurs as compared to controls (Figure 1), which represented 
the basis for the subsequent analysis. Indeed, 10 of these microR-
NAs were selected according to their fold change between the two 
groups and their potential involvement in biological processes 
underlying migraine. Th ese microRNAs (miR-22, miR-26a, miR-
26b, miR-27b, miR-29b, miR-181a, miR-221, miR-30b, miR-30e, 
and let-7b) were therefore validated by qRT-PCR in each single 
sample from individual patients. 

 As depicted in Figure 2, we found that miR-27b levels were 
signifi cantly higher in migraineurs when compared with controls 
(crude  P  value    �    0.001), whereas levels of miR-181a (crude  P  
value    �    0.001), let-7b (crude  P  value    �    0.001), and miR-22 (crude 

 P  value    �    0.004) were signifi cantly lower. Interestingly, these 
diff erences between migraine patients and controls remained 
signifi cant also aft er accounting for multiple comparisons accord-
ing to the Benjamini – Hochberg false discovery rate (FDR) ( q  �   
0.01), as well as aft er the more conservative Bonferroni approaches 
(Bonferroni probability value    �    0.005) (Supplementary Table II to 
be found  online at http://informahealthcare.com/doi/abs/10.31
09/07853890.2015.1071871). Despite a clear trend towards a dif-
ferential expression, the diff erences found in the levels of miR-26a, 
miR-29b, miR-30b, miR-30e did not reach statistical signifi cance. 

 To confi rm that the presence of this  ‘ microRNA signature ’  was 
signifi cantly associated with migraine in our study population, 
we entered the circulating level of miR-27b, miR-181a, let-7b, and 
miR-22 as independent variables in a binary logistic regression 
model. Interestingly, the model result was statistically signifi cant ( P  
 �  0.001), and the derived receiver operating characteristic (ROC) 
curve demonstrated good accuracy of this model for statistically 
detecting migraineurs in our study population (AUC    �    0.956; 
0.887 – 1.000;  P   �  0.001) (Figure 3). Th us, the concomitant evalu-
ation of the circulating levels of these microRNAs might have 
the same accuracy for diagnosis of MO of the currently available 
clinical diagnostic criteria in our population (23). 

 Finally, because complex mechanisms regulate microRNAs 
packaging and release, and the circulating microRNAs might not 
refl ect their intracellular levels (11,28), we analysed the expres-
sion of let-7b, miR-22, miR-27b, and miR-181a in PBMCs from 
the blood of all the subjects included in our study by qRT-PCR. 
Notably, our results showed that intracellular levels of let-7b 
( P    �      0.035) and miR-22 ( P     �    0.004) were lower in patients 
with migraine in accordance with exosome circulating levels 
(Figure 4). Conversely, despite a clear trend of association 
between lower intracellular miR-181a levels and migraine, 
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  Figure 2.     Validation of circulating microRNAs expression on individual plasma samples by qRT-PCR. Data are shown as fold change from the control group. 
Signifi cance levels were assessed by Mann – Whitney  U  test.  *   q     �    0.05;  *  *   q     �    0.01;  *  *  *   q     �    0.001 (probability values corrected for multiple comparison by 
the Benjamini – Hochberg FDR method;  n     �    13 for control subjects,  n     �    15 for migraine patients).  

  Figure 3.     Receiver-operating characteristic (ROC) curve derived from 
the logistic regression model developed with circulating let-7b, miR-22, 
miR-27b, and miR-181a as predictors. AUC    �    area under curve.  

this diff erence did not reach statistical signifi cance. Finally, in 
contrast with exosome levels, the intracellular levels of miR-
27b levels were apparently not modulated by migraine in our 
population (Figure 4).   

 Discussion 
 To the best of our knowledge, in this study we provide the fi rst 
evidence that female patients aff ected exclusively with migraine 
without aura exhibit a unique circulating exosome miRNA sig-
nature. Specifi cally, we found that the expression of four miR-
NAs was signifi cantly diff erent in MO patients versus controls: 
miR-27b was up-regulated while miR-181a, let-7b, and miR-22 
were down-regulated. It is worth noting that in our population 
sensitivity and specifi city of the microRNA signature were highly 

comparable to the  ‘ gold-standard ’  of clinical criteria, suggesting 
that the concomitant evaluation of these four miRNAs might rep-
resent a new powerful tool for identifying MO status, although 
future prospective studies on larger and independent study popu-
lations will be needed for confi rmation of the current data (23). 

 Some other fi ndings furthermore arise from our study, 
which concern the relationship between migraine and CV risk, 
a topic that has been debated for years. Although this relation-
ship is complex and likely to involve multiple factors, one possible 
pathophysiological connection put forward in previous studies 
lies in the endothelial dysfunction (ED) advocated in migraine 
(29,30). ED is a clinical syndrome that is described by impaired 
reactivity of the vasculature: the association of migraine attacks 
with changes in endothelial biomarkers suggests that migraine at-
tacks may be the cause of the ED. Recent research has, in particu-
lar, focused on the possible link between migraine without aura 
and vascular events by evaluating endothelial function by chemi-
cal and functional markers of endothelium in MO as compared 
with the normal population. Th e main fi nding of this study was a 
defective fl ow-mediated dilatation (FMD) and a decreased nitrite 
concentration in MO versus controls, showing a clear endothelial 
dysfunction in this form of migraine, and suggesting that MO 
could also be a risk for cardiovascular disease (31). 

 Dysfunction of the endothelium is also the fi rst step in the 
development of atherosclerotic lesions, and miRNAs are involved 
in every stage of the biological process of atherosclerosis, from 
endothelium dysfunction to cellular adhesion, plaque develop-
ment, and plaque rupture (32). A recent study by Bao et   al. (33) 
specifi cally showed protective eff ects of let-7a and let-7b on oxi-
dized low-density lipoprotein-induced endothelial cell injuries, 
providing new insights into the protective properties of let-7a 
and let-7b in preventing the endothelial dysfunction associated 
with cardiovascular disease, such as atherosclerosis. Interestingly, 
our study on MO patients has shown a down-regulation of let-7b, 
which may represent a specifi c index of increased risk of endothe-
lial dysfunction common to CV and migraine pathophysiology. 

 Also the other miRNAs identifi ed as being altered in MO in 
our study have indeed been previously associated with vascular 
(dys)function and CV events, although not specifi cally with ED. 
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hypercholesterolemia (43,44), as well as the presence of athero-
sclerotic plaque vulnerability (10,20), have been associated with 
specifi c changes in microRNA expression. In our microarray 
analysis (Figure 1), however, most of these microRNAs were not 
modulated in our study population, thus potentially suggesting a 
specifi c modulation process in patients with MO. Th e nature of 
our research being preliminary, further studies on larger indepen-
dent and prospective populations will be needed to investigate 
further the complex links among the diff erent forms of migraine, 
microRNA, and cardiovascular risk. Furthermore, despite about 
2,000 microRNAs being annotated so far, our screening pro-
cedure included only the 175 of them (Supplementary Table I 
to be found  online at http://informahealthcare.com/doi/abs/
10.3109/07853890.2015.1071871) most commonly detected in 
plasma, thus potentially not highlighting the possible modulation 
of other microRNAs not frequently investigated in plasma sam-
ples. In spite of the limitations of the present set of experiments, 
however, we believe that the identifi cation of a specifi c miRNA 
profi le in female migraineurs without aura might represent a step 
towards a better characterization of the disease pathophysiology 
and open new avenues for the identifi cation of molecular targets 
for future pharmacological strategies in the treatment of this 
highly common form of migraine.                  
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