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Abstract  

 

Background: MicroRNAs are small non-coding RNAs involved in the post-transcriptional regulation of 

protein synthesis. Extracellular microRNAs are accessible in a stable form in biofluids.  

Objectives: The aim was to identify individual microRNAs and/or subsets of microRNAs in CSF with 

biomarker potential and thus identify specific putative pathophysiological pathways.  

Methods:  In a two-step exploratory study design of Parkinson’s disease (PD), multiple system atrophy 

(MSA), progressive supranuclear palsy (PSP) and controls, we initially profiled CSF microRNAs in a pilot 

cohort (n=40) by screening for 372 microRNAs. Subsequently, we attempted to validate findings in an 

independent study cohort in CSF (n=118) and EDTA-plasma (n=114). This study cohort encompassed 46 

microRNAs of which 26 were singled out from the pilot cohort and an additional 20 microRNAs were added 

based on previous publications. The most accurate diagnostic microRNA classifiers were identified in a 

multivariable logistic regression model adjusted for age and gender.   

Results:  A set of three microRNAs in CSF discriminated PD and MSA from controls with good diagnostic 

accuracy by Receiver Operating Characteristics curve evaluation. The microRNAs were for PD versus 

controls: miR-7-5p, miR-331-5p, miR-145-5p (AUC=0.88) and MSA versus controls: miR-7-5p, miR-34c-3p, 

miR-let-7b-5p (AUC=0.87). The classifier which best distinguished MSA and PD consisted of two microRNAs: 
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miR-9-3p and miR-106b-5p (AUC=0.73). A single microRNA, miR-106b-5p, provided the best discrimination 

between PD and PSP (AUC =0.85) in the CSF.   

Conclusions:  The levels of specific trios of CSF-microRNAs discriminate well between α-synucleinopathies 

(PD and MSA) and controls. The results need to be validated in larger, independent cohorts. 

 

 

Introduction  

 

Parkinson’s disease (PD) and the atypical Parkinson disorder, multiple system atrophy (MSA), are both 

synucleinopathies characterized by accumulation of aggregated α-synuclein (α-syn) in Lewy bodies and glial 

cytoplasmic inclusions (GCIs), respectively, which is accompanied by neurodegeneration and characteristic 

non-motor and motor features 1. Progressive supranuclear palsy (PSP), also a part of the atypical Parkinson 

(AP) spectrum, has the protein tau as a neuropathological hallmark. The diagnosis relies, in all cases, on 

clinical criteria and definite diagnosis can only be achieved post mortem 2, 3. As early cases of PD and MSA 

might present with similar symptomatology a reliable diagnostic biomarker is much needed but currently 

unavailable 4. Distinction between Idiopathic PD and APs is of importance since AP presents with rapid 

progression to clinical milestones (i.e. falls), poor prognosis and weak or waning response to traditional 

Levodopa treatment.  MSA is clinically characterized by severe dysautonomia in combination with 

parkinsonism or a cerebellar syndrome 2 and PSP by postural instability with a supranuclear gaze palsy 5.  

PSP may present as several phenotypes, where Richardson syndrome (RS) comprise the classical 

presentation, but other atypical variants exist with PSP-Parkinsonism (PSP-P) often mimicking PD 6.  
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MicroRNAs (miRNA) are small (20-25 nucleotides) single-stranded non-coding RNAs which regulate post-

transcriptional gene expression by seed sequence binding to the 3’ untranslated region (3’UTR) of mRNA, 

resulting in, with few exceptions, a repression of the translation of the target mRNA 7. Although miRNA 

exerts its function in the intracellular compartment, cell-free circulating miRNA have been detected in all 

extracellular fluids, including cerebrospinal fluid (CSF) 8, 9. As circulating miRNA are quite stable in biological 

samples and since CSF is the most brain-proximal fluid, CSF-derived miRNAs may represent attractive 

biomarkers for neurodegenerative disorders.             

Recent evidence links alterations in the miRNA network to movement disorders. Thus, strikingly, a knock-

out of miRNA expression by Dicer deletion inhibits the differentiation of neuronal precursors to 

dopaminergic (DA) neurons 10.  α-Synuclein is considered a key protein in PD and MSA pathogenesis as 

evidenced by duplications or triplications in the SCNA gene coding for α-syn which are linked to genetic PD 

11. α-syn synthesis is under miRNA network regulation (translation repression) by, among others, miR-7 and 

miR-153 12 13.  This implies that miRNA dysregulation might contribute to the protein accumulation 

characterizing neurodegenerative disorders by loss of miRNA-induced translation-repression of toxic 

proteins 14.  

In this study, we identified candidate biomarker-miRNAs in the CSF by screening a large panel of miRNA 

and, subsequently elucidated the biomarker potential of candidate miRNA, or subsets hereof, in an 

independent CSF and EDTA-plasma study cohort consisting of two α-synucleinopathies (PD, MSA) and one 

tauopathy (PSP) compared to non-Parkinson symptomatic controls. Also, we studied the correlation of 

miRNA expressions to CSF-α-syn concentrations. Furthermore, we investigated if observed changes in 

microRNA profiling could provide insights on pathological changes by analysis of miR pathways.  The two-
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step design of the study was chosen as the CSF miRNA profile has not been mapped in detail in PD and 

especially in AP.  

 

Methods  

We performed a prospective study from a highly specialized movement disorders centre with follow-up by 

medical record review. Patients were included from August 2007 to September 2015. Patients with PD, 

probable MSA and probable PSP at the end of the study (November 2015) were eligible. To enhance the 

diagnostic accuracy, we only included cases which full-filled the international criteria for probable disease 2, 

3, 15 at follow-up after study end, but the level of diagnosis was unrestricted at sampling. Diagnostic 

classification was assigned by an experienced movement disorders specialist (KW) blinded to laboratory 

results. Basic characteristics were recorded and disease severity was evaluated by Hoehn and Yahr staging. 

Dopaminergic medication was noted in Levodopa Equivalent doses (LEDs) 16. 

In addition, we included a non-parkinsonism, but symptomatic controls (SC) group, consisting of patients 

admitted to Bispebjerg Hospital, Neurological Emergency Clinic, with isolated acute onset headache and 

suspected of subarachnoid haemorrhage which were later rejected. All controls had normal brain CAT-scan 

and neurological examination and required a lumbar puncture as part of routine examinations.  

CSF and EDTA-plasma samples were sampled at The Department of Neurology, Bispebjerg Hospital. All 

participants provided written informed consent either to the present study or prior to inclusion in the 

biobank. The Danish Ethics Committee (j.no H-3-2013-191) and the Danish Data Protection Agency (j.no. 

2007-58-0015; BBH-2014-002) approved the study. 

Study set-up 
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Initially, we investigated the CSF miRNA profile in a smaller pilot cohort (n=40, n=10 in each group) with a 

large panel of miRNA to discover the measurable circulating CSF-derived miRNAs.  This pilot study used the 

Exiqon® miRCURY PCR Panel I (version IV) which include 372 miRNA. Twenty six differentially expressed 

miRNAs (t-test, p<0.05, fold change >1.5, on/off miRNAs) were considered candidate biomarkers and 

included for investigation together with twenty miRNA suggested to be important from published data until 

November 2015 in an independent study cohort using the Fluidigm® Biomark RT-qPCR system (46 miRNA). 

This main part of the study included samples from PD, MSA, PSP and control patients (n=36, 30, 32, 23 (not 

including the screening population)).  

The pilot cohort was included for screening measurable miRNA only and the study cohort was considered 

the main result of our study.  

Sampling 

CSF was collected by standard procedures in polypropylene-tubes placed on ice. Whole blood was collected 

in 7.5 ml EDTA-tubes (Sarstedt, Monovette) using standard techniques. CSF and EDTA blood were 

centrifuged (10 min., 2000 g, 4°C) within 30 mins of collection, the supernatant was aliquoted in 400 µl 

polypropylene tubes and stored at -80°C within less than 90 min. Pre-analytical handling followed – with 

the exception of temperature at centrifugation – international recommendations 17, 18.  

Isolation of RNA, miRNA analysis and quantitation of CSF-α-synuclein.   

Total small RNA (<1000 nucleotides) was isolated from 250 µl CSF and 200 µl EDTA-plasma using Exiqon’s 

miRCURY™ RNA Isolation Kit (Exiqon A/S, Denmark) for Biofluids, with spin column technology including on-

column DNase treatment, according to the manufacturers recommendations. Purified RNA was keep at -80 

⁰C until analysis. 
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The miRNA analysis in the pilot cohort were conducted using Exiqon A/S standard protocol; miRNA was 

transformed to cDNA by reverse transcriptase and in mix with Exilent SYBR Green Mastermix® loaded on to 

qPCR panels preloaded with primers. Amplification was performed with Roche Lightcycler 480.  

 

In the study cohort two synthetic cel-miRs (cel-miR-54-3p, cel-miR-238-3p) (Tag Copenhagen A/S, Denmark) 

were spiked in the lysis buffer for technical normalization. Reverse transcription of RNA into cDNA was 

performed by the TaqMan® microRNA reverse transcription kit (Applied Biosystems (ABI), Foster city, CA, 

USA) according to the manufacturer’s instructions with modifications. Reverse transcribed samples were 

kept at -20 ⁰C until use. Specific target amplification of the cDNA was accomplished using the TaqMan 

PreAmp master mix (Applied Biosystems (ABI), Foster city, CA, USA) and a mix of the TaqMan MicroRNA 

Assays (ABI) consisting of equal volumes of the 48 different 20x assays (for 46 hsa-miRs and 2 cel-miRs) 

diluted with 1xTE buffer to a final concentration of 0.2x. Preamplified samples (diluted 1:5 with H2O) and 

TaqMan 20x miRNA assays were applied to primed 96.96 dynamic array chips using loading and assay 

reagents according to the manufacturer (Fluidigm Corp., USA). All miRNA assays were performed in 

duplicate.  

α-syn concentrations in CSF were measured by enzyme-linked immunosorbent assay (ELISA, Biolegend®, 

SIG-38974-kit, San Diego, CA, USA) according to the manufactures protocol.    

 

Data handling and statistics 
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Statistics from the 372-miRNA profiling were performed at Exiqon A/S. Fold Change (FC), p-values (t-test) 

and q-values were performed. Cq-values >37 and within 5 Cq-values of the negative controls were excluded 

from the dataset. Data were normalized using global mean method.  

 

Data from the Fluidigm 48 miRNA-panel profiling were processed using the Fluidigm Real-Time PCR analysis 

software (v. 4.1.2). Cq-values >35 were excluded from the dataset. Average Cq values were normalized with 

the average Cq of cel-miR-54-3p yielding –ΔCq (=average Cq of cel-miR-54-3p – average Cq miR). Results 

were further normalized using average -ΔCq of all detectable miRs in all samples to correct for variations in 

total RNA input. The normalized -Δ Cq-values were used for statistical analysis. Fold change (FC) was 

calculated by the 2^-ΔΔCq method.  We considered miRs present in at least 90 % of the samples for 

analysis.  

Basic characteristics were compared using non-parametric and parametric tests as appropriate. Chi-Square 

with Fischer’s exact test was used to compare proportions and Kruskal-Wallis test used to compare 

medians. Correction for multiple corrections were performed with Benjamini-Hochberg correction (false 

discovery rate (FDR)) 19. Correlations were estimated using Spearman correlations and corrected for 

multiple comparisons using the Bonferroni correction.  

Unsupervised hierarchical clustering was evaluated in heatmaps (Genesis 1.7.7) after transformation of 

data into Z-scores. Principal Component Analysis (PCA, ade4 v. 1.7-11 and factoextra vs. 1.0.5) were 

performed using R v. 3.5.0. Three and eight PCs were retained for CSF and plasma, respectively. For PCA 

analysis, “0” replaced missing values.  

MiRNAs with regression estimate significance levels below 0.10 (p≤0.10) were defined as the best subset 

miRNAs and used for further multivariable logistic regression modelling adjusting for age, gender and 
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disease duration. Leave one out cross-validation (LOOCV) was used to provide an unbiased estimate of the 

generalized classification performance. Briefly, in this procedure, one sample is left out for testing and the 

remaining samples are used for training and model building. Model performance was assessed by the area 

under the curve (AUC) of the associated receiver-operating characteristic (ROC) curve, using the pROC R-

package, and considered an AUC > 0.80 as good clinical accuracy. KEGG (Kyoto Encyclopedia of Genes and 

Genomes) Pathway analysis were performed using the DIANA tools 20.  

 

Results 

Pilot cohort 

From the pilot screening of 372 miRNA a set of 26 differentially expressed miRNAs were eligible for 

inclusion in the study panel.  Two samples were excluded due to haemolysis. Demographics of the pilot 

cohort (table S1) and results from the pilot cohort (table S2) are provided in supplementary. MiR-7-5p was 

not detected. 

Study cohort  

Demographics of included patients are presented in Table 1. Patient groups differed in gender distribution 

and controls were significantly younger. The PD, MSA, and PSP groups were age-matched. However, as 

expected, PD patients had longer disease duration and PSP patients received fewer LEDs. The AP group had 

slightly more advanced disease (median HY stage 3) than PD (median HY stage 2).     

From a total of 121 patients, 114 plasma samples (one sample failed, 38 of 46 assayed miRNA were 

detectable) and 118 CSF samples (30 of 46 assayed miRNAs detectable) were analyzed (a few patients only 

donated a plasma or a CSF sample). Results from the study cohort are presented in the following.  
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PCA analysis can be used to reduce the number of dimensions in multidimensional data (in this case, one 

dimension per miRNA). The complex dataset was visualized in a 2-dimensional plot by this method. Points 

close to each other in the plot have similar miRNA profiles. In the PCA analysis the miRNA profiles did not 

seem to reveal diagnosis dependent clusters in neither CSF nor plasma (Figure 1). As for the PCA plots, 

heatmap based hierarchical clustering of the overall expressions values did not reveal diagnosis dependent 

clusters in CSF or plasma (Figure S1). 

Differentially expressed miRs  

In CSF, we identified 8 miRNA (let-7b-5p, miR-106b-5p, miR-184, miR-218-5p, miR-331-5p, miR-34c-3p, miR-

7-5p, and miR-99a-5p) which were distributed statistically significantly different between groups after 

correction for multiple testing (Table 2). We observed that expression values of miR-184 correlated 

modestly with increasing age (rho=0.252, p-value 0.006) and inversely with decreasing disease duration 

(rho=-0.287, p=0.005) and increasing LED (rho=-0.353, p<0.001) in which only the latter resisted correction 

for multiple testing. No other associations with clinical parameters were observed after correcting for 

multiple testing.  

Out of five significantly differentially expressed miRNA in plasma samples (miR-218-5p, miR-574-3p, miR-

191-5p, miR-30c-5p, and miR-873-3p) one (miR-218-5p) was also significantly differentially expressed in 

CSF, although we did not observe the same expression pattern of up- and downregulation. See 

supplementary for data on plasma expression, Table S3.  

Between-group diagnostic discrimination and ROC curves  

In the CSF, miR-106b-5p discriminated well between PD and PSP (AUC =0.88, p-value <0.001), no other 

single miRNA was able to discriminate between groups with good clinical accuracy (data not shown). 
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Consistently, in the multivariable logistic regression models adjusted for age, gender and disease duration 

(where applicable) miR-106b-5p again was found to discriminate PD and PSP with the best performance 

(AUC =0.85, 95% CI: 0.757-0.945, P=1.402 x 10-7). In all other group-wise comparisons the best diagnostic 

discrimination in CSF was established by subsets of two or three miRNA with the best classification 

performance achieved between disease groups and controls. Between PD and controls miR-7-5p, miR-331-

5p and miR-145-5p (AUC=0.88, 95% CI: 0.776-0.978, p=1.885 x 10-7) constituted the best subset and for 

MSA versus controls miR-7-5p, miR-34c-3p and let-7b-5p was the best combination (AUC=0.87, 95% CI: 

0.775-0.974, p=2.743 x 10-6)). Discriminating MSA from PD the best subset (miR-9-3p, miR-106b-5p 

(AUC=0.73, 95% CI: 0.572-0.858, p=0.00878)) yielded a less accurate biomarker potential. ROC curves for 

best subset miRNA in the CSF are presented in Figure 2.  

No similarity with CSF miRNA signatures were found in plasma. The adjusted best subsets identified in 

plasma from multivariable logistic regression were: 1) PD versus MSA: miR-92-3p, miR-10a-5p and miR-1-3p 

(AUC =0.78, 95% CI: 0.666-0.898, p=9.637 x 10-5)) 2) PD versus SCs: miR-19b-3p and miR-34c-3p (AUC=0.87) 

3) MSA versus SCs: miR-19b-3p, miR-99a-5p, miR-34c-3p (AUC=0.85, 95% CI: 0.732-0.994, p=7.579 x 10-6)) 

4) PSP versus PD: miR-218-5p (AUC 0.71, 95% CI: 0.594-0.826, p=0.00074).  

Associations with α-synuclein  

α-syn concentrations showed no significant differences between groups (Kruskal-Wallis, data not shown) 

although a trend towards lower concentrations were found in MSA, PSP and PD compared to controls. miR-

7-5p, which is known to target α-syn mRNA, did not correlate significantly with α-syn concentrations (rho= -

0.024, p-value=0.801). A negative correlation with α-syn concentrations were found for miR-204-5p (rho= -
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0.224, p-value=0.017) and miR-100-5p (rho= -0.221, p-value=0.026), however, after correction for multiple 

comparisons these correlations lost significance. 

Pathway Analysis  

A pathway analysis on best subset CSF-miRs revealed the following pathways (top two most prominent) to 

be targeted in PD/MSA versus controls: proteoglycans in cancer and the hippo signaling pathway. Between 

MSA and PD the top two targeted pathways were:  Protein Processing in the Endoplasmic Reticulum 

pathway and TGF-beta signaling pathway.  

 

Discussion  

The present data provide information on specific differences in CSF-derived miRs in PD versus MSA and 

PSP. Several miRNAs were significantly differentially expressed between groups in CSF after correction for 

multiple testing. As expected 21, 22, the CSF and plasma miRNA profiles were not concordant regarding 

absolute and relative miRNA levels.  

The main aim of the study was to elucidate the biomarker potential of miRNA in the CSF and we found that 

subsets of two or three miRNA provided better diagnostic discrimination than single miRNA, except for PD 

versus PSP where one CSF-miR (miR-106b-5p) was sufficient. In appropriately adjusted multivariable logistic 

regression analysis a subset of three miRNA held biomarker potential and discriminated well between 

PD/MSA and controls but results were less accurate between PD and MSA. A possible explanation for the 

fact that CSF-miRs discriminate less accurately among MSA and PD than towards non-parkinsonian controls 

might be that there are similarities in pathogenesis (PD and MSA are both α-synucleinopathies) and/or 

uncertainties regarding diagnoses since diagnosis is based on clinical criteria, and since our cohort lacks 
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definite (neuropathological) diagnosis. The discrimination between PD and PSP (miR-106b-3p) were more 

accurate than between PD and MSA. This could be hypothesized to be due the difference in underlying 

pathologies (α-syn vs. tau), however this is speculative.   

In both PD and MSA compared to controls the most significant miRNA targeted pathways were the 

proteoglycan in cancer pathway and the hippo signaling pathway. Proteoglycans, a membrane-bound 

surface protein, has been reported to bind to α-syn and promote cellular uptake 23, 24.  The hippo signaling 

pathway, involved in cell proliferation and apoptosis 25, has, to our knowledge, not been reported to be 

associated with parkinsonism, and the relevance can only be speculated.    

As mentioned, miR-7-5p has been reported to regulate α-syn synthesis 12, 13 and neuron survival 26-28 in PD.  

In this study cohort miR-7-5p was found to be significantly upregulated in all 3 neurodegenerative disease 

groups. Mechanistically, this observation may reflect a compensatory mechanism, e.g. to inhibit further α-

syn synthesis, even though no association were found with α-syn levels in CSF. Additionally, miR-7-5p was 

among the best discriminating miRs distinguishing α-synucleinopathies from controls. As miR-7-5p could 

not be detected in the pilot cohort, the results need to be interpreted with caution and need subsequently 

validation. The α-syn-related hsa-miR-153 12, was investigated in both cohorts, but were undetectable in 

both CSF and plasma. miRNA-target gene associations and changes in expression values need careful 

interpretation as one miRNA may target hundreds of genes and one gene may be regulated by multiple 

miRNAs 29. It is not possible on the basis of the present study to elucidate complete networks and miRNA 

pathways and the exact relationship between CSF levels and regulatory interactions taking place in situ in 

degenerating brain tissue. 

Previous evidence on miRs in the CSF and Plasma  
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Little is known on the nature and function of circulating miRNAs in the CSF, but concentrations are low 9. It 

is well established that miRNAs are stable when circulating in the periphery as part of protein, lipoprotein-

complexes or vesicular contents 30. Cell-derived (membrane-shredded) CSF microparticles also contain 

miRNAs, and although the evidence is limited and unknown in relation to neurodegeneration, they are 

suggested to function in cell-signaling 31.  

A previous EDTA-plasma based study on PD versus healthy controls reported miR-331-5p as upregulated in 

PD individuals 32, a finding which in our cohort is replicated in CSF and plasma albeit to significant levels. 

Several other studies of PD and control subjects have been performed on serum 22, 33, peripheral blood 

mononuclear cells (PBMCs) 34, 35 and whole blood 36, but a common miRNA signature across sampling 

methods has not yet been established. In CSF, comparing PD with healthy controls, one next generation 

sequencing (NGS)-based pioneer study found 17 miRNAs differentially expressed 22. Of investigated miRNA 

in the present study seven miRNAs (miR-128, miR-431-3p, miR-485-5p, miR-873-3p, miR-136-3p, miR-34b-

5p and miR-19b-3p) were also studied in the NGS study, but we were not able to replicate the above 

findings, which might be due to sampling (post-mortem versus in vivo) or selection of platform (NGS versus 

PCR). Like in the present study, the plasma and CSF miRNA profile were incomparable. However, another 

member of the miR-34 family (hsa-miR-34b-3p) was included in the best subset for discrimination between 

MSA and controls in CSF and the miR-34b/c family was among the first miRNA to be reported 

downregulated in PD brains 37. To the best of our knowledge, only one previous study examined the 

biomarker potential of a pre-selected subset of 10 CSF-miRNA in MSA and PD, finding a combination of 

miR-133b and miR-148b to provide the best discrimination (AUC =0.77). However, as in our cohort, 

excellent discrimination was found between MSA and controls 38.  

Strengths and limitations  
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The strength of our study is: First, we used a pilot phase with independent samples to discover available 

CSF-derived miRNA to be included in the main study and included PD-related miRNA from the literature to, 

partly account for a discovery panel consisting of only 372 miRNA of the known miRNA human cohort of > 

2500 miRs Secondly, efforts were made to reduce the inherent risk of misdiagnosis since definite diagnosis 

is not supported in a clinical setting. We only included cases with probable disease at follow-up, and 

although the diagnosis at sampling were unrestricted. Assigning the correct clinical diagnosis can impose 

difficulty and may change over time. In this study sampling were performed at a mean disease duration of 

around 5 years for MSA and PSP patients and 7 years for PD patients. Including the additional follow-up 

time allowed for a reasonable time interval before the final diagnosis was established. Lastly, CSF and 

plasma samples were all handled by identical pre-analytical procedures.  

Some obvious limitations include the fact that although the demographics in the two cohorts were fairly 

similar, the sample size in the pilot cohort was small, which in combination with low microRNA 

concentrations in CSF and biologic variability makes the pilot cohort exploratory and suitable for 

discovering biomarker candidates only. The control group included in this study encompasses limitations as 

a matched and entirely healthy control group would have been preferable. The control group were 

younger, and were all referred to neurological investigations due to acute onset headache (symptomatic), 

and although presented with a normal neurological examination and unremarkable paraclinical 

investigations, it is unknown if miRNA alterations secondary to the headache is present.    

In addition, there were differences in methodology. Even though the procedure for sampling, pre-analytical 

handling and RNA purification was performed similarly in the two cohorts, the platform for miRNA analysis 

including associated miRNA primers differed (Exiqon miRCURY versus Fluidigm).  Furthermore, the 

biological variation in miRNA expression is large with known associations to age 39 and with the use of 
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dopaminergic medication 34. As matching was not possible in our study design we adjusted analyses 

appropriately and correlation estimates of LED and miRNA did not confirm an association in our data.    

Several limitations apply to miRNA research in general.  Studies are characterized by differences in 

methodology from sampling to miRNA profiling and to date no “gold standard” for study design, including 

the use of endogenous normalizers, is agreed upon making study comparisons difficult.  

In summary, we performed a single-center, exploratory study on the CSF and plasma miRNA profiles in PD 

and atypical parkinsonism, and documented that CSF-derived miRNA subsets are highly accurate to 

discriminate between PD, atypical Parkinsonism (MSA/PSP) from controls. However, differences between 

disease-groups were less pronounced. As expected, concordance was poor between CSF and plasma 

profiles. These promising findings need validation in independent cohorts and further experiments are 

required to draw firmer conclusions regarding relevant miRNA-regulated expression targets involved in 

atypical parkinsonian disorders.  
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Tables and figures  

Table 1. Demographics in the study cohort 

Table 2: microRNAs detected in CSF in at least 90% of the samples in the study cohort 

Figure 1: PCA plot of the 46-miRNA profile in Cerebrospinal fluid and plasma   
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Legend figure 1: Principal Component Analysis (PCA) of the 46-miRNA profile in (A) Cerebrospinal Fluid and 
(B) EDTA-Plasma. The plots show the two first principal components (x-axis=PC1, y-axis=PC2). Numbers in 
parenthesis represent the percentage of total variance explained by the given axis. Inserts show the 
eigenvalue profiles, bars in black represent the plotted PCs, while bars in grey represent the PCs retained 
for PCA analysis. In both CSF and plasma, the PCA plots presents with overlapping patterns, and hence, not 
able to distinguish between investigated groups.    

Figure 2: ROC curves of best subset miRNA  

Legend figure 2: Receiver operating characteristics (ROC) curves of best subset CSF-miRNA based on 
adjusted logistic regression in (A) multiple system atrophy versus Parkinson’s disease (miR-9-3p and miR-
106b-5p; area under the curve (AUC)=0.73, 95% CI: 0.572-0.858, p=0.00878) (B) Parkinson’s disease versus 
controls (miR-7-5p, miR-331-5p and miR-145-5p; AUC=0.88, 95% CI: 0.776-0.978, p=1.885 x 10-7)) (C) 
multiple system atrophy versus controls (miR-7-5p, miR-34c-3p and let-7b-5p was the best combination; 
AUC=0.87, 95% CI: 0.775-0.974, p=2.743 x 10-6) and (D) Parkinson’s disease versus progressive supranuclear 
palsy (miR-106b-5p; AUC =0.851, 95% CI: 0.757-0.945, P=1.402 x 10-7). 
 

Supplementary tables and figures  

Table S1: Demographics, pilot cohort  

Table S2: Results, pilot cohort 

Figure S1: Heatmaps: Cerebrospinal fluid and Plasma – study cohort  

Legend Figure S1: Heatmap showing unsupervised hierarchical clustering of z-scores transformed 

expression data. Red color corresponds to higher expressions values in (A) CSF and (B) Plasma. No clusters 

based on disease group were observed.  

Table S3: Plasma results from study cohort  

Table S4: List and sequence of miRNAs: pilot-cohort  
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Table S5: List and sequences of investigated miRs: Study Cohort  
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