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Abstract
Multiple system atrophy (MSA) is a neurodegenerative disease that belongs to the α synucleinopathies. Clinically, there is 
an overlap between MSA and Parkinson’s disease (PD), especially at the early disease stage. However, these two patholo-
gies differ in terms of disease progression. Currently, no biomarker exists to differentiate MSA from PD. MicroRNAs are 
non-coding RNAs implicated in gene expression regulation. MiRNAs modulate cellular activity and they control a range 
of physiological and pathological functions. miRNAs are found in biofluids, such as blood, serum, plasma, saliva, and cer-
ebrospinal fluid. Many groups, including ours, found that circulating miRNAs are differently expressed in blood, plasma, 
serum and cerebrospinal fluid of PD and MSA patients. In the present study, our primary aim was to determine if serum 
mir-30-5p and mir-148b-5p can be used as biomarkers for early diagnosis of PD and/or MSA. Our secondary goal was to 
determine if serum levels of those miRNAs can be correlated with the patients’ clinical profile. Using quantitative PCR 
(qPCR), we evaluated expression levels of miR-30c-5p and miR148b-5p in serum samples from PD (n = 56), MSA (n = 49), 
and healthy control (n = 50) subjects. We have found that miR-30c-5p is significantly upregulated in MSA if compared with 
PD and healthy control subjects. Moreover, serum miR-30c-5p levels correlate with disease duration in both MSA and PD. 
No significant difference was found in miR-148b-5p among MSA, PD and healthy control subjects. Our results suggest a 
possible role of serum miR-30-5p as a biomarker for diagnosis and progression of MSA.
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Introduction

Parkinson’s disease (PD) and multiple system atrophy 
(MSA) are two neurodegenerative diseases that are part 
of the family of synucleinopathies, a class of pathologies 
characterized by accumulation of α-synuclein (α-syn) in 
the cytoplasm of neurons or glial cells. Many studies have 
suggested that α-syn has a central role in neural differen-
tiation and synaptic plasticity, but the specific function of 
α-syn in the brain is unknown [6]. PD is the most common 
neurodegenerative disease after Alzheimer’s disease (AD). 
The accumulation of α-syn in Lewy bodies in dopaminergic 
neurons is a specific feature of PD. The Lewy bodies induce 
death of dopaminergic neurons in several brain areas. The 

main clinical manifestations are motor symptoms such as 
bradykinesia, rigidity, and rest tremor; non-motor symptoms 
are also observed and they include neuropsychiatric dysfunc-
tion, cognitive impairment, sleep disorders, olfactory dys-
function, sensory symptoms, and pain [9]. MSA is a rapidly 
progressive and rare disease. Clinically, it is characterized by 
a combination of cerebellar impairment autonomic dysfunc-
tion, parkinsonism and pyramidal signs.

PD is characterized by accumulations of α-syn in neu-
rons, while MSA is characterized by α-syn accumulation 
mainly in glial cells in the form of glial cytoplasmic inclu-
sions and, in some circumstances, in neurons [24]. The over-
lap of symptoms with PD at an early stage may result in mis-
diagnosis. The differential diagnosis between PD and MSA 
is based on clinical features, response to dopaminergic treat-
ment and brain imaging findings. Despite growing research 
efforts, currently, no reliable blood or cerebrospinal fluid 
(CSF) biomarker exists to discriminate MSA from PD [12].
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Evidence suggests that in many neurodegenerative 
diseases there is a dysregulation of microRNAs (miR-
NAs). MiRNAs are a group of molecules that regulate the 
expression of many genes. These non-coding RNAs con-
trol gene expression through mRNA degradation or trans-
lational repression [4]. Around 70% of known miRNAs 
are expressed in the brain and functional studies indicate 
that they are involved in key signaling pathways of brain 
development such as synaptogenesis, neurite outgrowth, 
neuronal plasticity, and memory processes [16]. MiRNAs 
are modulators of cellular activity in several pathological 
and physiological conditions and they can also be released 
from the cells and enter into circulatory biofluids such as 
blood, serum, plasma, saliva, and urine [7]. Several studies 
have identified many miRNAs specifically deregulated in PD 
patients [2, 10]. Moreover, different groups, including ours, 
have found that several circulating miRNAs (cmiRNAs) are 
differently expressed in the serum samples of MSA subjects 
compared to PD patients and healthy controls (HC). These 
cmiRNAs are involved in cell cycle regulation, apoptosis 
modulation and post-transcriptional modifications, and are 
strongly expressed in the central nervous system [11, 22].

In a previous study, we found a specific down-regulation 
of mir-30c-5p in a small sample of PD patients compared 
with HC and MSA patients. In the same study, we also found 
that miR-148b-5p was up-regulated in MSA subjects if com-
pared with PD patients [22]. The primary aim of our study 
was to evaluate if mir-30c-5p and miR-148b-5p are differen-
tially expressed in a larger sample of PD and MSA patients. 
The secondary aim was to assess whether miR-30c-5p and 
miR-148b-5p expression correlate with the clinical profile 
of PD and MSA patients.

Materials and methods

Patients and sample collection

The participants were enrolled at the Center for Neurodegen-
erative Diseases (CEMAND) at the University of Salerno. 
We enrolled 3 cohorts of subjects: (1) 49 patients affected 
by MSA [24 MSA patients with predominant parkinsonism 
(MSA-P) and 25 MSA patients with predominant cerebel-
lar ataxia (MSA-C)]; (2) 56 PD patients and (3) 50 age-, 
gender- and race-matched HC with no history of neuro-
logical or psychiatric diseases. UPDRS III and UMSARS 
II were administered to assess disease severity in PD and 
MSA patients, respectively, at morning on current dopamin-
ergic medication. Participants’ demographical and clinical 
features are shown in Table 1. Exclusion criteria were the 
presence of genetic forms of PD and other neurological dis-
orders. The present study was approved by the local Eth-
ics Committee at University Hospital S.Giovanni di Dio e 

Ruggi d`Aragona and all the patients signed an informed 
consent. For each participant, we obtained blood samples by 
venipuncture using dry vacutainer tubes (BD Biosciences, 
Italy). The blood was centrifuged at 3000g for 15 min, and 
the supernatants were collected and stored at − 80 °C.

RNA isolation, reverse transcription, 
and quantitative PCR

In order to remove debris or any circulating cell, serum sam-
ples were centrifugated for 10′ at 2000 rpm. miRNAs were 
isolated from 200 µl of serum samples using a total RNA 
purification kit (Norgen Biotek Corp) and then eluted in 
50 µl of elution buffer. RNA was quantified by a fluorometer 
and spectrophotometer. 2 µl RNA were used for reverse tran-
scription in 10 µl reactions according to the protocol of the 
miRCURY LNA™ Universal RT microRNA PCR, Polyade-
nylation and cDNA synthesis kit (Exiqon) (these assays were 
conducted in triplicate). Then, cDNA was diluted 1:25 and 
assayed in 10µL PCR reactions. Serum mir-30c-5p and miR-
148b-5p were quantified using LNA™ enhanced microRNA 
assay (Exiqon) according to the manufacturer’s instructions. 
No-template control and no-reverse transcriptase control 
were run simultaneously. The amplification was performed 
in a LightCycler®480 Real-Time PCR System (Roche, Ger-
many) in 96 well plates, and the amplification curves were 
analyzed using the Roche LC software both for determina-
tion of Cq (using the 2nd derivative method) and for melting 
curve analysis.

Data analysis

The accuracy of qPCR-based miRNA expression data 
depends on the normalization performed using refer-
ence genes. MiR-93-5p is recognized as a valid reference 
miRNA and has been identified to be one of the most stable 
serum miRNAs. We chose miR-93-5p as reference miRNA 
to normalize our data. Expression fold changes (fc) were 
calculated by the  2−ΔΔCT method using Genex 6 Enterprise 
(BioMCC). A one-way ANOVA followed by Bonferroni 

Table 1  Demographical and clinical features of participants [for age 
and disease duration, the numbers are expressed as mean ± standard 
error of the mean (SEM)]

HC PD MSA

Number 50 55 47
Gender (men/women) 23/27 37/19 22/27
Age (years) 64.6 ± 12.5 62.1 ± 6.9 63.2 ± 7.9
Disease duration 

(months)
26.85 ± 27.47 51.32 ± 30.61

MSA form (P/C) 24/25
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post-hoc test was used to compare miRNA expression 
among PD, MSA and HC groups. All the data was checked 
for normality using the D’Agostino and Pearson normality 
test. Since the data was normally distributed, a Pearson’s 
rank correlation coefficient was used to assess the relation-
ships between levels of miRNAs and MSA and PD duration. 
ROC curve analysis was performed to assess the diagnostic 
accuracy of miRNAs to discriminate among the groups.

Target prediction

Target prediction of miR-30c-5p was obtained querying the 
miRTarBase, chosen due to its widespread use and complete-
ness. Only strong mRNA-miRNAs interactions experimen-
tally confirmed by qRT-PCR, luciferase assays and Western 
Blots were considered. In order to evaluate co-expression 
relationship among target genes, we used the Search Tool for 

Retrieval of Interacting Genes (STRING). We extracted the 
potential target genes with co-expression coefficients > 0.7.

Results

Serum miR‑30c was up‑regulated in MSA patients 
if compared with PD and HC

Using miRcury LNA assay, we found that miR-30-5p was 
significantly up-regulated in MSA patients if compared with 
PD patients (fc = 1.67; p = 0.0036). Mir-30c-5p was also sig-
nificantly up-regulated in PD (fc = 1.5; p = 0.0024), and MSA 
patients if compared with HC (fc = 3.2; p < 0.0001) (Fig. 1). 
Higher miR-30c levels significantly correlated with longer 
disease duration in PD (Pearson r = 03855; p = 0.0037) and 
MSA patients (Pearson r = 0.3527; p = 0.0150). We did not 
find any correlation with age and disease severity, assessed 
by UPDRS III and UMSARS scales in PD and MSA, 
respectively (Fig. 2). We did not observe any significant 
difference in miR-148b-5p when comparing MSA and PD 
patients (fc = 0.74; p = 0.89). We did not observe any signifi-
cant differences in levels of miR-148b when comparing PD 
patients and HC (fc = 0.6; p = 0.79) and MSA patients and 
HC (fc = 0.7; p = 0.72).

Diagnostic value of miR‑30c‑5p

In order to determine the diagnostic accuracy of miR-30c-5p 
to discriminate between MSA and PD, and MSA and HC, 
a ROC analysis was performed. The sensitivity of miR-
30c-5p to discriminate between MSA and PD was 82%, but 
the specificity was low (54%). The diagnostic accuracy for 
discrimination between MSA and controls was good (sensi-
tivity = 0.80; specificity = 0.90).

Fig. 1  Relative expression of miRNAs in serum samples from HC, 
PD, and MSA patients. *p < 0.05 and ****p < 0.0001

Fig. 2  Correlation between PD and MSA disease duration and miR-30c-5p levels
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Target and network analysis of miR‑30c‑5p

Putative targets of miR-30c-5p were identified by search-
ing the MirTarBase database which contains experimentally 
validated miRNA target genes. We identified 39 target genes 
considering only experimentally confirmed strong mRNA-
miRNAs interactions. Moreover, we used STRING to vis-
ualize the protein interactions (Fig. 3). This network was 
enriched in many strong interactions among proteins and this 
result suggests that these proteins work together within their 
related pathways. Many predicted target genes are involved 
in neuronal autophagy, mitophagy and regulation of dopa-
minergic cell death. Specifically, Notch1, Histone deacety-
lase 4 (HDAC4) and Beclin (BECN1), UBE2I, HSPA4 and 
DNMT1 are involved in PD and other neurodegenerative 
diseases.

Discussion

miRNAs have been proposed as reliable biomarkers to diag-
nose and monitor progression and response to treatment in 
many neurodegenerative diseases. For the first time, we 

observed a significant up-regulation of serum miR-30c-5p in 
MSA patients if compared with PD and HC, suggesting that 
it may be further studied as a biomarker to differentiate MSA 
from PD patients. This is in contrast to our previous report, 
where this up-regulation in miR-30c-5p was not observed 
possibly due to the smaller sample size in our previous work 
and differences in terms of disease duration. The positive 
correlation between miR-30c-5p and disease duration in both 
PD and MSA groups may suggest a possible role of miR-
30c-5p in the progression of synucleinopathies. Using Mir-
TarBase database, we identified 39 experimentally validated 
miR-30c-5p target genes. In order to establish if there were 
functional co-expression relationships between predicted 
target genes, we constructed a network using the STRING 
software. Enhanced expression of miR-30c-5p could lead 
to downregulation of the targets predicted [18]. Among the 
identified gene targets, Notch1, HDAC4, BECN1, UBE2I, 
HSPA4 and DNMT1 may play an important role in neuronal 
autophagy and regulation of dopaminergic cell death.

Notch1 has a fundamental role in brain development 
and adult brain function. The reduction in Notch1 modi-
fies olfaction, synaptic plasticity and memory. Recently, 
Brai et al. observed that Notch1 is removed and stored 

Fig. 3  Network of targets genes 
of miR-30c-5p. The protein 
interactions were visualized 
using STRING software with a 
co-expression coefficient higher 
than 0.7
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in fibrillary structures in the cortical and hippocampal 
regions of sporadic AD patients [1]. However, Yoon et al. 
observed a decrease in Notch1-IC protein stability follow-
ing Parkin knockdown and they proposed Parkin as a novel 
regulator of the Notch1 signaling pathway [26]. HDAC4 
is a protein highly expressed in the brain. Recently, Wu 
et al. have observed that intracellular trafficking of HDAC4 
is important in the regulation of dopaminergic cell death 
[25]. Furthermore, in a previous study, Song et al. found 
that Paraquat-induced histone acetylation was associ-
ated with decreased total histone deacetylase activity and 
HDAC4 protein expression levels in dopaminergic neu-
ronal cells [21]. BECN1 is a pro-autophagic protein that 
decreases in an age-dependent manner in human brains. 
Deficiency of BECN1 in cellular and animal models of 
AD and Huntington’s disease was shown to induce dis-
ruption of neuronal autophagy, accumulation of mutant 
huntingtin and amyloid-β and neuronal cell loss [20, 23]. 
Moreover, Wang et al. found that the overexpression of 
either wild type or mutated α-synuclein markedly reduced 
the cytoplasmic levels of BECN1 in PC12 cells, suggest-
ing that BECN1 may contribute to α-synuclein-mediated 
autophagy [23].

In several studies, BECN1 has been found to interact 
with PARK2 and PINK1 and those interactions promote 
autophagy [3, 15]. Finally, Pickford et  al. found that 
BECN1 was decreased in specific brain regions of AD 
patients [17].

The UBE2I gene encodes for many enzymes of the E2 
ubiquitin-conjugating enzyme family, but its function is 
unknown. Recently, Serpente et al. observed that UBE2I 
was downregulated in peripheral cells derived from sporadic 
frontotemporal dementia (FTD) cases compared with con-
trols. Furthermore, in patients with FTD due to C9ORF72 
mutation, UBE2I was downregulated [19].

Another interesting target of miR-30c-5p is HSPA4, a 
member of the heat-shock protein (HSP) family 110 associ-
ated with the HSP70 family. HSPA4 is a protein associated 
with parkin, PINK1 and DJ-1, three genes responsible for 
the majority of cases of autosomal recessive, early-onset 
(≤ 50 years) PD [14]. Microarray data of substantia nigra 
and putamen from PD patients have shown that HSPA4 was 
significantly down-regulated in putamen.

DNMT1, an important chromatin regulator, is another 
target of miR-30c-5p. Recently, Hossein-Nezhad observed 
that DNMT1 was downregulated in CSF of PD patients [8]. 
Moreover, a significant reduction in nuclear DNMT1 levels 
was found in postmortem brain tissue from patients affected 
by PD and dementia with Lewy bodies as well as in the 
brains of α-synuclein transgenic mouse models [5].

We suggest that miR-30c-5p may be involved in the 
pathogenesis of α-synucleinopathies by downregulating its 
target genes. Serum miR-30c may be useful as a marker of 

progression of α-synucleinopathies since it is related to dis-
ease duration in PD. Unfortunately, we did not assess dis-
ease severity of dopaminergic drugs, and this can partially 
explain the lack of significant correlation between miR-30c 
and UPDRS and UMSARS in our patients.

No significant difference was found in miR-148b-5p when 
comparing MSA and PD patients. This is in contrast with 
our previous report, where miR-148b was found increased in 
MSA compared to PD patients [22]. This discrepancy could 
be due to differences in sample size and disease duration. 
Indeed, the present study enrolled larger samples of patients. 
Recently, Marques et al. identified a set of miRNAs deregu-
lated in the CSF from PD and MSA patients. In addition, 
they created three panels based on a combination of CSF 
miRNAs that were able to differentiate either PD or MSA 
from controls [13].

Further studies are required to confirm our findings on 
miR-30c-5p and expand miRNA profiling in PD and MSA. 
Indeed, serum biomarkers for diagnosis and progression of 
parkinsonisms are urgently needed and miRNAs are reli-
able candidates since they are stable molecules which have 
already been used as biomarkers for other pathologies such 
as cancer and cardiovascular diseases.
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