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ABSTRACT 

Plasma microRNAs (miRNAs) are promising biomarkers for several diseases. Our aim 

was to define the miRNA profile in plasma from Parkinson´s disease (PD) patients and 

healthy controls. We performed TaqMan low density arrays (TLDAs) in pools of 

patients and controls. Seven miRNAs differently expressed between the two groups 

were individually assayed in a total of 31 PD patients and 25 controls. MiR-331-5p 

remained significantly increased in patients vs. controls.  A bioinformatic analysis 

predicted that this miRNA could be involved in the regulation of genes related with PD 

and brain function (axon guidance, MPK signaling pathway or insulin signaling 

pathway). We concluded that miR-331-5p could be a candidate plasma miRNA to be 

studied in PD related pathways.   
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Dear sirs,  

 

The pathological hallmark of Parkinson´s disease (PD) is the loss of dopaminergic neurons and 

the presence of Lewy bodies and Lewy neurites in the substantia nigra pars compacta, corpus 

striatum and brain cortex [1]. PD is a complex disease caused by the interaction of 

genetic/inherited and environmental/acquired risk factor [2].  MicroRNAs (miRNAs) are small  

RNAs that control gene expression by binding to the 3´ UTRs of mRNAs [3]. Post-mortem 

analysis of brain tissues and in vitro studies identified several miRNAs implicated in PD. MiR-

133b was downregulated in PD brains and would promote the survival of dopaminergic 

neurons [4]. MiR-433 was related with PD through targeting the FGF20, which in turn 

regulates the expression of α-synuclein [5]. MiR-7 targets α-synuclein and could regulate 

oxidative stress and cell death, while miR-184 and Let-7 regulate dopaminergic neurons 

survival and activity [6-7]. Recently a miRNA profiling of PD brains identified early 

downregulation of miR-34b/c, modulating mitochondrial function in areas with pathological 

affectation [8].  

 

Plasma (circulating) miRNAs have been proposed as biomarkers for several diseases and 

ageing [9-10]. Our aim was to characterize the plasma miRNA profile in PD patients and 

healthy controls, to determine its usefulness as biomarkers for PD.  The study was approved by 

the Ethical Committee of Hospital Universitario Central de Asturias (HUCA) and all the 

participants signed an informed consent. The study cohort consisted on sex and age matched  

healthy controls (n=25; mean age 67.6; 52% males) and patients (n=31; mean age 63.9; 55% 

males) who fulfilled the PD-clinical diagnosis criteria [11]. None of the patients was receiving 

drugs for PD-treatment or had a diagnosis of cardiovascular or tumor disease.  

 

Full detailed of experimental procedure is available as supplementary material. Briefly, blood 

was collected in tubes with EDTA, centrifuged and plasma was aliquoted (350 μl). A total of 2 

pg of a synthetic A. thaliana miRNA (Ath-miR-159a; 5 µl of a 0.4 pg/ul dilution) was 

immediately added and each aliquot stored at -80ºC until use. Ath-miR-159a was used as 

control of the extraction process (supplementary material). Total plasma RNA was extracted 

(TRIzol® LS Reagent, Ambion) and resuspended in 25 μl of RNAse free water. Five μl of 

each sample were retrotranscribed (RT) with the Megaplex RT primers Human pool A and 

TaqMan microRNA Reverse transcription kit (Applied Biosystems). Three μl of the RT 
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product were pre-amplified with the Megaplex Preamp primers Human pool A and TaqMan 

Universal Master Mix no AmpErase UNG (Applied Biosystems). All the pre-amplifications 

were assayed with a custom Ath-miR-159a Taqman assay in an ABI 7500 Real Time PCR 

(Applied Biosystems) and only samples with CTs in the range of 20-26 cycles were further 

processed.  Thus far, no reliable endogenous control miRNA has been established to 

normalize plasma miRNA content, although several have been proposed. We assayed two 

normalization candidates (miR-191 and miR-223) and found that miR-191 was constitutively 

amplified in our samples showing the lowest inter-individual variability in patients and 

controls. All the expression values were thus normalized against miR-191. 

 

In a first step, we searched for plasma PD-candidate miRNAs by analysing 384 miRNAs from 

3 pools of PD patients and 3 pools of controls. Each pool contained pre-amplifications of 4 

individuals, and were assayed with TaqMan low density miRNA (TLDA) cards on an ABI 

7990 HT Fast Real Time PCR equipment (Applied Biosystems). The amplification of each 

miRNA was normalised against miR-191. The next miRNAs were significantly 

overrepresented (mean fold changes calculated with the RQ manager v.1.2 software) in 

patients: miR-181c, miR-331-5p, miR-193a-3p, miR-196b, miR-454, miR-125a-3p, and miR-

137. In a second step, the seven candidate miRNAs were individually assayed in 31 patients 

and 25 controls (including the individuals used to create the pools). Briefly, each pre-

amplification was quantified by duplicate with custom Taqman assays in an ABI 7500 Real 

Time PCR (Applied Biosystems) and normalised against miR-191. Each patient´s miRNA was 

compared with the level of the miRNA in a pool of all the controls.  Only miR-331-5p mean 

RQ value was significantly higher in the patients compared to the controls (1,905 vs. 88; 

p=0.001; Mann-Withney’s U test) (Figure 1).  

 

Some miRNAs have been proposed as plasma biomarkers for neurodegenerative disorders and 

processes affecting the central nervous system [12-13]. However, to our knowledge no studies 

describing the plasma miRNA profile in plasma from PD patients have been reported. Two 

studies with blood cells and total blood were recently published. The first one determined the 

expression profile in peripheral blood mononuclear cells (PBMCs) of 19 patients and 13 

controls and identified several miRNAs deregulated in this cell type [14]. The other one 

identified several candidate miRNAs in total peripheral blood [15]. None of the candidate 

miRNAs identified in these studies were found overrepresented in our patients. These 
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discrepancies could be mainly explained by the fact that the three studies analyzed different 

blood sample types: purified cells, total blood and plasma. In addition, these studies would 

exclude a blood-cells origin for this PD-circulating miRNA.  

 

Finally, we performed a bioinformatic analysis of genes that are predicted to have miR-331-5p 

target sites in their 3´UTR and identified several candidates that were implicated in molecular 

pathways related with the nervous system (DIANA miRPath 2.0;  

http://diana.cslab.ece.ntua.gr/) (Table 1). Among others, pathways related with neurogenesis 

and neurodegeneration could be involved. 

  

In conclusion, we found miR-331-5p as a possible circulating miRNA in PD patients. This 

miRNA could be useful for diagnostic purposes or monitoring disease progression and 

treatment responses.  However, our study was based on a limited number of patients at onset 

stage and requires further replication in larger cohorts of patients at different disease stages.  
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Table 1. MiRNA-331-5p predicted target genes and likely related pathways.  

 Pathway Gene  -ln (p-value) Pathway ID 

Axon guidance SRGAP3, EPHA4, 

GNAI1 

4.3 hsa04360 

Insulin signaling pathway PPARGC1A, SHC3, 

PPP1R3A 

3.8 hsa04910 

Chronic myeloid leukemia SHC3, SMAD4 2.7 hsa05220 

TGF-beta signaling 

pathway 

SMAD6, SMAD4 2.2 hsa04350 

Keratan sulfate 

biosynthesis 

B3GNT1 2.1 hsa00533 

Alkaloid biosynthesis II MYST4 1.7 hsa00960 

Glycosphingolipid 

biosynthesis - neo-

lactoseries 

B3GNT1 1.5 hsa00602 

MAPK signaling pathway ATF2, MEF2C, 

DUSP1 

1.5 hsa04010 

1- and 2-

Methylnaphthalene 

degradation 

MYST4 1.4 hsa00624 

Tight junction CASK, GNAI1 1.2 hsa04530 

Phenylalanine metabolism MYST4 1.2 hsa00360 

Benzoate degradation via 

CoA ligation 

MYST4 1.1 hsa00632 

Limonene and pinene 

degradation 

MYST4 1.1 hsa00903 

Aminosugars metabolism GNPDA2 1.1 hsa00530 

 

 

javascript:view_path('hsa04360_620260224480_8')
javascript:view_path('hsa04910_620260224480_8')
javascript:view_path('hsa05220_620260224480_8')
javascript:view_path('hsa04350_620260224480_8')
javascript:view_path('hsa04350_620260224480_8')
javascript:view_path('hsa00533_620260224480_8')
javascript:view_path('hsa00533_620260224480_8')
javascript:view_path('hsa00960_620260224480_8')
javascript:view_path('hsa00602_620260224480_8')
javascript:view_path('hsa00602_620260224480_8')
javascript:view_path('hsa00602_620260224480_8')
javascript:view_path('hsa04010_620260224480_8')
javascript:view_path('hsa00624_620260224480_8')
javascript:view_path('hsa00624_620260224480_8')
javascript:view_path('hsa00624_620260224480_8')
javascript:view_path('hsa04530_620260224480_8')
javascript:view_path('hsa00360_620260224480_8')
javascript:view_path('hsa00632_620260224480_8')
javascript:view_path('hsa00632_620260224480_8')
javascript:view_path('hsa00903_620260224480_8')
javascript:view_path('hsa00903_620260224480_8')
javascript:view_path('hsa00530_620260224480_8')


7 

 

REFERENCES 

1. Braak H, Ghebremedhin E, Rub U, Bratzke H, Del Tredici K (2004) Stages in the 

development of Parkinson's disease-related pathology. Cell Tissue Res  318:121-34 

2. Nuytemans K, Theuns J, Cruts M, Van Broeckhoven C (2010) Genetic etiology of 

Parkinson disease associated with mutations in the SNCA, PARK2, PINK1, PARK7, 

and LRRK2 genes: a mutation update. Hum Mutat  31:763-80 

3. Eacker SM, Dawson TM, Dawson VL (2009) Understanding microRNAs in 

neurodegeneration. Nat Rev Neurosci  10:837-41 

4. Kim J, Inoue K, Ishii J, Vanti WB, Voronov SV, Murchison E, Hannon G, Abeliovich 

A (2007) A MicroRNA feedback circuit in midbrain dopamine neurons. Science  317: 

1220-4 

5. Wang G, van der Walt JM, Mayhew G, Li YJ, Zuchner S, Scott WK, Martin ER, Vance 

JM (2008) Variation in the miRNA-433 binding site of FGF20 confers risk for 

Parkinson disease by overexpression of alpha-synuclein. Am J Hum Genet  82:283-9 

6. Junn E, Lee KW, Jeong BS, Chan TW, Im JY, Mouradian MM (2009) Repression of 

alpha-synuclein expression and toxicity by microRNA-7. Proc Natl Acad Sci U S A  

106:13052-7 

7. Gehrke S, Imai Y, Sokol N, Lu B (2010) Pathogenic LRRK2 negatively regulates 

microRNA-mediated translational repression. Nature  466:637-41 

8. Minones-Moyano E, Porta S, Escaramis G, Rabionet R, Iraola S, Kagerbauer B, 

Espinosa-Parrilla Y, Ferrer I, Estivill X, Marti E (2011) MicroRNA profiling of 

Parkinson's disease brains identifies early downregulation of miR-34b/c which modulate 

mitochondrial function. Hum Mol Genet  20:3067-78 

9. Reid G, Kirschner MB, van Zandwijk N (2011) Circulating microRNAs: Association 

with disease and potential use as biomarkers. Crit Rev Oncol Hematol  80:193-208 

10. Olivieri F, Spazzafumo L, Santini G, Lazzarini R, Albertini MC, Rippo MR, Galeazzi 

R, Abbatecola AM, Marcheselli F, Monti D, Ostan R, Cevenini E, Antonicelli R, 

Franceschi C, Procopio AD (2012) Age-related differences in the expression of 

circulating microRNAs: miR-21 as a new circulating marker of inflammaging. Mech 

Ageing Dev 133:675-85 

11. Hughes AJ, Daniel SE, Kilford L, Lees AJ (1992) Accuracy of clinical diagnosis of 

idiopathic Parkinson's disease: a clinico-pathological study of 100 cases. J Neurol 

Neurosurg Psychiatry  55:181-4 



8 

 

12. Geekiyanage H, Jicha GA, Nelson PT, Chan C (2012) Blood serum miRNA: Non-

invasive biomarkers for Alzheimer's disease. Exp Neurol  235:491-6 

13. Li X, Khanna A, Li N, Wang E (2011) Circulatory miR34a as an RNAbased, 

noninvasive biomarker for brain aging. Aging (Albany NY)  3:985-1002 

14. Martins M, Rosa A, Guedes LC, Fonseca BV, Gotovac K, Violante S, Mestre T, Coelho 

M, Rosa MM, Martin ER, Vance JM, Outeiro TF, Wang L, Borovecki F, Ferreira JJ, 

Oliveira SA (2011) Convergence of miRNA expression profiling, alpha-synuclein 

interacton and GWAS in Parkinson's disease. PLoS One  6:e25443 

15. Margis R, Rieder CR (2011) Identification of blood microRNAs associated to 

Parkinsonis disease. J Biotechnol  152:96-101 

 

 



9 

 

 
 

 

Figure 1. Mean RQ values for the 7 candidate miRNAs in PD (n=31), and controls 

(CNT; n=25). Plasma levels were normalized against the miR-191. Only miR-331-5p 

showed statistically significant difference between the two groups (p=0.001).   

RQ= 2
-ΔΔCt   

ΔCt= (Ct miRNA - Ct miR-191) 

ΔΔCt=(ΔCt miRNA - ΔCt controls pool) 
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Supplementary File. 

 

Study population. 

The study cohort consisted on sex and age matched  healthy controls (n=25; mean age 67.6 ± 

15.2; 52% males) and patients (n=31; mean age 63.9 ± 11.9; 55% males) who fulfilled the PD-

clinical diagnosis criteria [11]. PD patients were included in the study at the time they were 

diagnosed (years 2011-2012) and none was receiving PD-treatment or had a diagnosis of 

cardiovascular or tumor disease.  

 

Plasma samples preparation and validation. 

Blood from patients and controls was collected in tubes containing EDTA as anticoagulant and 

centrifuged 10 min at 3,500 rpm to obtain plasma supernatant. Plasma was aliquoted in 350 µl 

vol.  containing also 4 pg of a synthetic Ath-miR-159a (5 µl of a 0.4 pg/ul dilution), and frozen 

at -80ºC. This amount of Ath-miR-159a was derived from a quantification analysis with several 

dilutions, to give a cycle threshold (CT) value in the range 20-26.  

Plasma samples were thaw on ice and centrifuged 5 min at 12,000 rpm to pellet the cell debris, 

300 µl of the supernatant were recovered and processed with the TRIzol® LS Reagent 

(Ambion) following the manufacturer  instructions. The final precipitate was resuspended in 25 

µl of RNAse free water and 5 µl were retrotranscribed with the Megaplex RT primers human 

pool A and the Taqman microRNA reverse transcription kit (Applied Biosystems, ABI). A total 

of 3 µl were preamplified with the Megaplex Preamp primers human pool A and the Taqman 

Universal PCR master mix no AmpErase UNG (ABI). The Ath-miR-159a was quantified by 

duplicate using an individual Taqman assay (ABI) in an ABI 7500 real time PCR equipment. 

Samples that gave a CT>26 were discarded and a new plasma aliquot was precipitated and 

quantified.   

The human miR-191 is constitutively amplified in plasma and sera and is commonly used as 

normalization control for the expression of other miRNAs. In our samples miR-191 showed 

low interindividual variability and similar normalized values in patients and controls (Suppl. 

Figure 3), and was thus chosen as the endogenous normalization miRNA. 

  

TLDA and individual miRNA assays.    

The experimental algorithm to search for candidate miRNAs in the plasma of PD patients is 

represented in the Supplementary figure 1. Three pools of patients and three pools of controls 
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(10 µl of four pre-amplified samples in each pool) were quantified (40 PCR cycles) with 

TaqMan low density array (TLDAs) A-card (Applied Biosystems) in an ABI 7990 HT Fast 

Real Time PCR equipment. The amplification profiles were analyzed with RQ manager 1.2 

software using the miR-191 as normalization control. Candidate miRNAs (significantly 

overexpressed in the patients pools) were analyzed  in 31 PD patients and 25 healthy controls 

with individual miRNA Taqman assays.  Each sample was assayed by duplicate, and the 

Ctmean and RQ values for each miRNA were calculated.  
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Suppl. Fig 1. Experimental algorithm to search for miRNAs overrepresented in the plasma of 

PD patients.    

  

 Suppl. Figure 2. Graphical representation of the CT values of miRNAs in the TLDA 

array, patients (grey lanes) vs. controls (black lines). MiRNAs with CT > 35 in patients 

and controls were not included. Asterisks indicate the 7 miRNAs significantly 

overrepresented in the PD patients.  
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Suppl. Figure 3. TaqMan assay showing the miR-191 (endogenous control) and miR-

331-5p amplification curves.   
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Suppl. Table 1. MiR-331-5p RQ, Ctmean, and CtSD values for all the individual 

samples in the study. 

 

PD’s target name RQ 

Cт 

Mean Ct SD controls target name RQ 

Cт 

Mean 

Ct 

SD 

PD1 miR-331-5p 9142,36 27,74 0,29 CT1 miR-331-5p 162,92 32,11 1,73 

PD2 miR-331-5p 1,89 24,11 0,70 CT2 miR-331-5p 0,03 31,90 0,28 

PD3 miR-331-5p 184,52 26,48 0,46 CT3 miR-331-5p 190,23 24,07 0,26 

PD4 miR-331-5p 15,42 28,40 1,62 CT4 miR-331-5p 353,96 28,90 0,02 

PD5 miR-331-5p 5106,90 32,88 0,16 CT5 miR-331-5p 1187,12 33,82 1,50 

PD6 miR-331-5p 5,87 28,28 0,49 CT6 miR-331-5p 139,62 32,73 0,85 

PD7 miR-331-5p 8,29 30,57 2,30 CT7 miR-331-5p 179,18 32,95 1,27 

PD8 miR-331-5p 329,90 25,49 0,26 CT8 miR-331-5p 46,25 26,96 0,96 

PD9 miR-331-5p 30,11 24,15 0,44 CT9 miR-331-5p 0,49 31,54 0,13 

PD10 miR-331-5p 1830,55 24,18 0,13 CT10 miR-331-5p 1,29 31,37 0,68 

PD11 miR-331-5p 8351,63 25,22 1,01 CT11 miR-331-5p 64,62 29,11 4,04 

PD12 miR-331-5p 115467,34 29,90 0,78 CT12 miR-331-5p 1279,14 29,37 0,73 

PD13 miR-331-5p 1,69 32,26 0,48 CT13 miR-331-5p 6500,93 30,58 1,17 

PD14 miR-331-5p 234,30 26,29 0,41 CT14 miR-331-5p 0,04 36,68 2,43 

PD15 miR-331-5p 718,59 28,58 1,19 CT15 miR-331-5p 238,04 33,04 0,09 

PD16 miR-331-5p 20175,91 24,61 0,45 CT16 miR-331-5p 17,95 27,73 1,93 

PD17 miR-331-5p 3461,96 23,69 0,31 CT17 miR-331-5p 23,03 34,07 0,40 

PD18 miR-331-5p 34,19 30,97 1,46 CT18 miR-331-5p 4,29 27,39 0,00 

PD19 miR-331-5p 5939,91 25,79 0,98 CT19 miR-331-5p 74,01 27,58 1,32 

PD20 miR-331-5p 4577,80 29,55 1,17 CT20 miR-331-5p 221,51 28,44 2,16 

PD21 miR-331-5p 3206,37 27,08 1,11 CT21 miR-331-5p 130,22 36,48 2,42 

PD22 miR-331-5p 40079,29 26,01 1,15 CT22 miR-331-5p 1090,47 31,95 1,04 

PD23 miR-331-5p 1905,23 30,22 0,22 CT23 miR-331-5p 51,64 28,69 8,59 

PD24 miR-331-5p 1713,14 27,87 0,65 CT24 miR-331-5p 88,76 25,80 2,71 

PD25 miR-331-5p 968,58 27,43 0,19 CT25 miR-331-5p 18415,70 31,79 0,73 

PD26 miR-331-5p 81333,63 26,13 0,56 MEAN   30,6 3,1 

PD27 miR-331-5p 99594,20 20,90 0,05 

PD28 miR-331-5p 227,45 24,56 0,29 

PD29 miR-331-5p 5339,30 25,75 0,76 

PD30 miR-331-5p 9188417,00 21,68 0,22 

PD31 miR-331-5p 3989876,75 22,86 0,06 

MEAN   26,9 2,8 
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Suppl. Table 2. Reported tissues expressing hsa-miR-331, according to the miRo (the 

miR ontology) database (http://ferrolab.dmi.unict.it/miro). 

 

Tissue  Library  Expression  

 hsa_USSC-d7 5% - 1/20 

AML hsa_AML1-d0 5% - 1/20 

Astroblastoma 
hsa_Astroblastoma-

DD040800 
15% - 3/20 

B-ALL hsa_B-ALL1-d0 5% - 1/20 

B-ALL hsa_B-ALL3-d29 5% - 1/20 

Desmoplastic small round cell 

tumor 
hsa_Desmo-tumor-JN-Dsrct 10% - 2/20 

Hepatocellular carcinoma hsa_Hepatoma-PLC 5% - 1/20 

Hodgkin Lymphoma hsa_Hodgkin-KMH2 5% - 1/20 

Invasive Ductal Breast carcinoma hsa_Breast-invasive-duct-T47 5% - 1/20 

Kidney hsa_Podocytes-Moins-undiff 5% - 1/20 

Kidney hsa_Podocytes-Moins-diff 5% - 1/20 

Neuroblastoma hsa_Neurobl-SHSY5Y 15% - 3/20 

Pancreatic islets hsa_Pancreatic-islets 5% - 1/20 

Plasmocytoma hsa_Plasmocytoma-U266 5% - 1/20 

T-ALL hsa_T-ALL1-d0 5% - 1/20 

 

 

 

http://ferrolab.dmi.unict.it/miro/miro.php?subject_type=tissue&subject_name=AML&visual=1&order_by=mirna_m&n=0
http://ferrolab.dmi.unict.it/miro/miro.php?subject_type=tissue&subject_name=Astroblastoma&visual=1&order_by=mirna_m&n=0
http://ferrolab.dmi.unict.it/miro/miro.php?subject_type=tissue&subject_name=B-ALL&visual=1&order_by=mirna_m&n=0
http://ferrolab.dmi.unict.it/miro/miro.php?subject_type=tissue&subject_name=B-ALL&visual=1&order_by=mirna_m&n=0
http://ferrolab.dmi.unict.it/miro/miro.php?subject_type=tissue&subject_name=Desmoplastic%20small%20round%20cell%20tumor&visual=1&order_by=mirna_m&n=0
http://ferrolab.dmi.unict.it/miro/miro.php?subject_type=tissue&subject_name=Desmoplastic%20small%20round%20cell%20tumor&visual=1&order_by=mirna_m&n=0
http://ferrolab.dmi.unict.it/miro/miro.php?subject_type=tissue&subject_name=Hepatocellular%20carcinoma&visual=1&order_by=mirna_m&n=0
http://ferrolab.dmi.unict.it/miro/miro.php?subject_type=tissue&subject_name=Hodgkin%20Lymphoma&visual=1&order_by=mirna_m&n=0
http://ferrolab.dmi.unict.it/miro/miro.php?subject_type=tissue&subject_name=Invasive%20Ductal%20Breast%20carcinoma&visual=1&order_by=mirna_m&n=0
http://ferrolab.dmi.unict.it/miro/miro.php?subject_type=tissue&subject_name=Kidney&visual=1&order_by=mirna_m&n=0
http://ferrolab.dmi.unict.it/miro/miro.php?subject_type=tissue&subject_name=Kidney&visual=1&order_by=mirna_m&n=0
http://ferrolab.dmi.unict.it/miro/miro.php?subject_type=tissue&subject_name=Neuroblastoma&visual=1&order_by=mirna_m&n=0
http://ferrolab.dmi.unict.it/miro/miro.php?subject_type=tissue&subject_name=Pancreatic%20islets&visual=1&order_by=mirna_m&n=0
http://ferrolab.dmi.unict.it/miro/miro.php?subject_type=tissue&subject_name=Plasmocytoma&visual=1&order_by=mirna_m&n=0
http://ferrolab.dmi.unict.it/miro/miro.php?subject_type=tissue&subject_name=T-ALL&visual=1&order_by=mirna_m&n=0
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Suppl. Figure 4. Expression values of miR-331-5p (www. microRNA.org).  

 


