

[image: image1]
Differential Expression of Plasma Exo-miRNA in Neurodegenerative Diseases by Next-Generation Sequencing












	 
	ORIGINAL RESEARCH
published: 07 May 2020
doi: 10.3389/fnins.2020.00438





[image: image]

Differential Expression of Plasma Exo-miRNA in Neurodegenerative Diseases by Next-Generation Sequencing

Chao Nie1,2†, Yuzhe Sun2,3†, Hefu Zhen2,3†, Mei Guo4†, Jingyu Ye2,3, Zhili Liu1,2, Yan Yang5* and Xiuqing Zhang1,2*

1BGI Education Center, University of Chinese Academy of Sciences, Shenzhen, China

2BGI-Shenzhen, Shenzhen, China

3China National GeneBank, BGI-Shenzhen, Shenzhen, China

4BGI Genomics, BGI-Shenzhen, Shenzhen, China

5Department of Neurology, Affiliated Hospital of Jining Medical University, Shandong, China

Edited by:
Argyris Papantonis, University Medical Center Göttingen, Germany

Reviewed by:
Ali Salehzadeh-Yazdi, University of Rostock, Germany
Dougu Nam, Ulsan National Institute of Science and Technology, South Korea

*Correspondence: Yan Yang, dryangyan@mail.jnmc.edu.cn; Xiuqing Zhang, zhangxq@genomics.cn

†These authors have contributed equally to this work

Specialty section: This article was submitted to Systems Biology, a section of the journal Frontiers in Neuroscience

Received: 15 January 2020
Accepted: 09 April 2020
Published: 07 May 2020

Citation: Nie C, Sun Y, Zhen H, Guo M, Ye J, Liu Z, Yang Y and Zhang X (2020) Differential Expression of Plasma Exo-miRNA in Neurodegenerative Diseases by Next-Generation Sequencing. Front. Neurosci. 14:438. doi: 10.3389/fnins.2020.00438

Neurodegenerative diseases encompass a wide variety of pathological conditions caused by a loss of neurons in the central nervous system (CNS) and are severely debilitating. Exosome contains bio-signatures of great diagnostic and therapeutic value. There is proof that exosomal proteins can be biomarkers for Alzheimer’s disease (AD) and Parkinson’s disease (PD). MicroRNAs in exosome has potential to be an important source of biomarkers for neurodegenerative diseases. Here, we report exosomal microRNA performance of human plasma in neurodegenerative diseases by small RNA sequencing. A wide range of altered exo-miRNA expression levels were detected in both AD and PD patients. Down-regulated miRNAs in AD samples were enriched in ECM-receptor interaction pathway and both up-/down-regulated miRNAs in PD samples were enriched in fatty acid biosynthesis pathway. Compared to the control, 8 miRNAs were found to be significantly elevated/declined in AD and PD samples, of which 4 miRNAs were newly identified. Additionally, two exosome isolating methods were compared and the reproducibility of plasma exo-miRNA expression was confirmed, suggesting the feasibility of large-scale clinical application of this method. This study revealed exo-miRNA expression levels in neurodegenerative diseases, proposed new biomarkers and their potential functional pathway for AD and PD, confirmed the reproductivity of exo-miRNA profiles by using a different exosome isolating method, and compared the results with plasma miRNA expression. Therefore, this study also provides a precedent for identifying exosomal biomarkers of neurodegenerative diseases in plasma by high-throughput sequencing and it could extend the therapeutic repertoire of exosomal biomarkers.
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INTRODUCTION

Neurodegenerative diseases are a group of disorders that are characterized by the progressive degeneration of the function and structure of the central nervous system (CNS) (Gao and Hong, 2008). Common neurodegenerative diseases include AD and PD. Traditional diagnosis of neurodegenerative diseases usually uses biomarkers in cerebrospinal fluid (CSF) or positron emission tomography (PET) imaging which are invasive or expensive (McKhann et al., 2011). Using peripheral blood to detect neurodegenerative biomarkers satisfies the rapid and safe requirement of chronic disease prediction (Valadi et al., 2007; Schwarzenbach et al., 2014). Recently, exosome has become an emerging source of biomarkers for various human diseases like neurodegenerative diseases (Alderton, 2015). Exosome, a major component of extracellular vesicle (EV), is a small lipid bilayer particle that is commonly observed in human body fluids involving in cell-to-cell communication and contains the fundamental biological elements such as protein, mRNA, long non-coding RNA (lncRNA), and, especially small RNA (sRNA) (Bellingham et al., 2012). Exosome is a good carrier that can cross blood-brain barrier which blocks most of the signal from the brain (Nelson et al., 2008). Pathological neurons release huge amount of exosome, some of which spread to peripheral blood, and cause the change of exosome-derived contents (Wood et al., 2011). A newly study showed that there is concordance between the assessment of Aβ42, T-tau, and P-T181-tau in CSF and plasma exosomes suggesting that lots of exosomes extracted from human plasma are derived from brain (Jia et al., 2019). Exosomal proteins as biomarkers in different human body fluids have been widely studied. Yet, much fewer studies focus on small RNA.

MicroRNAs (miRNAs) are short single-stranded small RNAs that regulate target mRNA expression by cleavage or translational inhibition. It commonly exists in all types of cells. Age and disease-related up-/down-regulation of the miRNA accumulation in adult neurons can lead to changes in their survival, functions, and communication (Konovalova et al., 2019). The fact that the exosome can carry specific bio-signatures linked to disease pathogenesis has sparked great interest in potential usage in diagnostics and therapeutics. However, due to the nature of sRNA diversity in exosomes, exosomal sRNA patterns are easily interfered, which lacks reproducibility between experiments (Witwer et al., 2013; Enderle et al., 2015). Next-generation sequencing is therefore introduced to comprehensively describe characters of isolated exosome and to eliminate bias (Gonzales et al., 2009; Taylor et al., 2011; Rekker et al., 2014).

Several techniques have been invented to isolate exosome from different cell types. Traditional centrifugation-based approaches are most commonly used techniques and considered as the gold standard for general exosome isolation (Thery et al., 2006). However, they require large sample sizes, appropriate equipment and are time-consuming. Therefore, an alternative method with better convenience and reproducibility is urgently needed. Precipitation and column-based exosome isolation methods are optional strategies that are relatively time saving, cost effective, and efficient.

In the present study, we aimed to explore expression levels of plasma exosomal miRNAs, and to detect new biomarkers for AD and PD in plasma exosome. Besides, we evaluated the miRNA profile for reproductivity of the exosome isolating experiments by using different exosome isolating methods. We reported differential expression level of plasma exo-miRNA in neurodegenerative diseases and the potential biomarkers for AD and PD.



MATERIALS AND METHODS


Sample Collection and Ethics Statement

In this study, all peripheral blood samples were collected from 34 normal controls, 5 AD donors and 7 PD donors (46 in total). Supplementary Table S1 provides the age, gender, and diagnosis of these participants. The diagnosis of AD cases was based on the criteria of the National Institute on Aging and Alzheimer’s Association, and the diagnosis of PD was based on the United Kingdom Brain Bank criteria with some clinical supportive examinations (i.e., dyskinesia, rest tremor).

All participants were under approval from Affiliated Hospital of Jining Medical University IRB (2017-KE-B001) and BGI IRB (No. BGI-IRB16019), and each of them was properly consented before sample collection. All samples had been anonymized for research purposes. The control samples HBRR (Human Brain Reference RNA, Cat. No. AM6050) were supplied by Thermo Fisher Scientific.



Collection of Neuronal-Derived Exosomes From Blood

Samples were collected following the fasting blood standard protocol1. Exosome isolation was carried out using two commercially available kits: exoRNeasy Serum/Plasma Maxi Kit (QIAGEN, Hilden, Germany) (SC); ExoQuick Plasma prep and Exosome isolation kit (SBI, Palo Alto, United States) (EQ). For each sample, we used 1 ml plasma for one reaction of SC kit and 0.5 ml plasma for one reaction of EQ kit.

For employing EQ method, 5 μl of Thrombin 500U/ml (SBI, Palo Alto, United States) was added into 0.5 ml prefiltered plasma. The mixture was incubated for 5 min and centrifuged for 5 min at 8,000 × g. We added 1/4 volume of ExoQuick Solution to the supernatant and incubated it at 4°C for 30 min. The mixture was then centrifuged at 1,500 × g for 30 min. Finally, the pellets were re-suspended with nuclease-free PBS.

For employing SC method, we prefiltered plasma and mixed the flow-through with 2 × binding buffer. Then the solution was added to the exoEasy membrane affinity column and centrifuged for 1 min at 500 × g. The pellets were washed with washing buffer by centrifuging and discarding the flow-through. The pellets were isolated exosome and re-suspended with nuclease-free PBS.



Small RNA Extraction, Library Preparation and Small RNA Sequencing

The small RNA was extracted according to the manufacturer’s instructions (QIAGEN, Hilden, Germany, Cat No. 217084). The RNA yield was measured by NanoDrop 2000 Spectrophotometer (Thermo Fisher Scientific). Small RNA sequencing libraries were constructed using the MGIEasy Small RNA Library Prep Kit (MGI, Shenzhen, China). Total of 1 G reads were generated for each sample consequently. The data reported in this study are available in the NCBI BioProject (Accession Number: PRJNA587017) and CNGB Nucleotide Sequence Archive (Accession Number: CNP0000728).



Small RNA Data Analysis

After removing adaptor sequences and filtering out low-quality reads, the cleaned sRNAs reads were mapped against human reference genome hg19 UCSC and Rfam (version 11.0)2 database. The remaining reads were aligned and annotated according to precursor and mature miRNAs listed in miRBase (Altschul et al., 1990). To tabulate miRNA expression levels, read counts were tabulated from the expression tabulation purpose mapped reads. The size factor used to normalize the read counts was calculated with the DESeq2 package, and the normalized read counts were then analyzed by the DESeq2 to identify differentially expressed miRNAs (Love et al., 2014). Pairwise library comparisons for each miRNA were performed and fold change of each miRNA was generated. Then, top 100 abundant miRNAs were selected, and six groups were clustered according to miRNA expression in AD and PD samples (Figure 1). Cluster 1 and 4 represents the fold change ≥ 2; Cluster 3 and 6 represents the fold change ≤−2; Cluster 2 and 5 represents -2 ≤ the fold change ≤ 2. Next, miRNAs that had a p ≥<0.001 and an absolute log fold-change ≥ indicated a differential expression between the two conditions being compared.
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FIGURE 1. Clusters of miRNA expression and enriched pathways. (A) Heatmap of differentially expressed miRNAs of six clusters. Down, miRNAs with expression of log2(AD/NC) or log2(PD/NC) < -1; NA, miRNAs with expression of -1 < log2(AD/NC) or log2(PD/NC) < 1; Up, miRNAs with expression of log2(AD/NC) or log2(PD/NC) > 1. (B) KEGG pathway of miRNAs from four clusters. Target genes of miRNAs were predicted by miRanda, TargetScan, and RNAhybrid individually. Joint target genes were selected and KEGG pathway enrichment analysis was carried out. Top three pathways of each cluster were shown. The size of the dots represents the -log10(p-value) of each pathway.




Target Prediction and KEGG Pathway Analysis

The targets of miRNAs were predicted separately by miRanda, TargetScan, and RNAhybrid (Kruger and Rehmsmeier, 2006; Betel et al., 2010; Agarwal et al., 2015). From miRanda, TargetScan, and RNAhybrid, 23253, 9024, and 24906 targets were predicted from all 1108 identified miRNAs, respectively. 8913 target genes were found in all three software. KEGG pathway enrichment (p-value) was calculated using overlapped genes from 100 top abundant miRNA by DIANA-miRPath (Vlachos et al., 2015).



Statistical Analysis

The pairwise correlation coefficient and corresponding figures were calculated and plotted by R package: corrgram. Co-inertia analysis (CIA) was performed by cia function from R package: made4. Monte-Carlo test was performed to determine the significance of relationship. Correlative analysis was performed using a linear regression model. All tests were two-tailed, and the significant difference was set at p < 0.05.



RESULTS


The miRNA Expression in AD and PD Samples

We collected human plasma from 5 AD patients, 7 PD patients and 20 normal (NC) participants. The age of each participants and Mini-Mental State Examination (MMSE) of AD patients were presented in Supplementary Table S1. After isolating exosome from plasma samples by using ExoQuickTM (EQ) kit, small RNA extraction was performed and next-generation sequencing was carried out in BGISEQ-500 platform (Mak et al., 2017). In total, 1 G on average raw data per sample was generated. After the removal of rRNA, the data was mapped to miRbase for human miRNA annotation. Counts of each miRNA were calculated. Large individual variances could be observed in the heatmap of the miRNA expression suggesting that sample size could be a limit in this study (Supplementary Figure S1).

After selecting miRNAs of top 100 abundance, six clusters were generated according to the different signal intensity of exosomal miRNAs in AD and PD compared to NC (Figure 1). We considered miRNAs with log2(fold change) > 1 or < −1 as differentially expressed ones. More than half miRNAs were in cluster 2 and 5 (57 miRNAs in cluster 2, 68 miRNAs in cluster 5). We found 22 and 14 miRNAs (cluster 1 and 4) that were up-regulated while 21 and 18 miRNAs (cluster 3 and 6) were down-regulated in AD and PD samples, respectively (Figure 1A and Supplementary Table S2). Notably, only 7 miRNAs were altered consistently in AD and PD samples (Supplementary Table S3). Compared to NC samples, the expression levels of miR-27a-3p and miR-584-5p were elevated in both AD and PD samples, while those of five miRNAs (miR-942-5p, miR-92b-3p, miR-375, miR-122-5p, and miR-1468-5p) were declined in both AD and PD samples (Supplementary Figure S2). It suggested that though many miRNAs with different expression levels were found in AD/NC and PD/NC, there were still some differences of exo-miRNA performance between two neurodegenerative diseases.

Subsequently, we used miRanda, TargetScan, and RNAhybrid to predict targets of miRNAs, and 8913 targets were predicted from all three methods (Supplementary Figure S3). Then, we selected targets of the top 100 abundant miRNAs, and used DIANA-miRPath (Version 3.0) tool to calculate p-value of the KEGG pathway enrichment of cluster 1, 3, 4, and 6 (Kanehisa and Goto, 2000; Kruger and Rehmsmeier, 2006; Betel et al., 2010; Agarwal et al., 2015; Vlachos et al., 2015). The information of pathways was presented in Supplementary Table S4. Three pathways with the highest p-value were selected from each cluster (Figure 1B). Interestingly, miRNAs in cluster 3 were enriched in the extracellular matrix (ECM)-receptor interaction indicated that these suppressed miRNAs might involve in a direct or indirect control of cellular activities such as adhesion, migration, differentiation, proliferation, and apoptosis (Hara et al., 2017). In other three clusters, fatty acid biosynthesis was the most abundant pathway (Figure 1B). Fatty acid biosynthesis was closely related with mitochondria in which energy production is strongly disturbed in neurons of AD and PD patients. The altered fatty acid related miRNA expression in exosome could be a widespread response to certain diseases. Additionally, miRNAs in cluster 4 were enriched in hippo signaling pathway which has not been reported to be relevant with Parkinson’s disease (Figure 1B).



Down-Regulation of Exo-miRNA in AD and PD Samples

Differential expression of miRNAs was calculated from all identified miRNAs by using DESeq2, p < 0.05 (Supplementary Table S3; Love et al., 2014). More than half of differentially expressed miRNAs were declined in both AD and PD samples. Out of 23 miRNAs down-regulated in AD samples, 4 miRNAs were down-regulated with PD as well while 1 miRNA was up-regulated in PD patients (Table 1). Heat map presented a variety of down-regulation of exo-miRNA expression in AD and PD patients including 18 miRNAs from AD patients and 9 miRNAs from PD, as well as 4 commonly down-regulated miRNAs (Figure 2). It was consistent with previous studies which indicated that this could be a common phenomenon of neurodegenerative disease patients, as reflected in exosomal miRNA expression levels (Keller et al., 2011; Hewel et al., 2019; Sadlon et al., 2019).


TABLE 1. Differential expressed exo-miRNA in AD and PD samples.
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FIGURE 2. Heatmap of differential expression levels of miRNAs in AD and PD patients. The color scale shown on the right illustrates the expression level (log2) of a miRNA across all samples. Each row represents significantly declined miRNAs (p < 0.05) in AD or PD patients including 23 declined miRNAs in AD patients and 13 declined miRNAs in PD patients.




Both Reported and Novel AD-/PD-Biomarkers Were Found in Exo-miRNA Profiles

From the differential expressed miRNAs in Table 1, we selected candidates in the top 100 abundance miRNAs. Eight miRNAs were finally found differentially expressed between AD and NC in which three miRNAs, miR-423-5p (p = 2.86 × 10–3), miR-369-5p (p = 1.46 × 10–3), miR-23a-3p (p = 6.17 × 10–5) were significantly elevated in AD samples compared to NC samples and five miRNAs miR-204-5p (p = 2.68 × 10–4), miR-125a-5p (p = 5.09 × 10–5), miR-1468-5p (p = 2.63 × 10–3), miR-375 (p = 4.42 × 10–3), let-7e-5p (p = 2.57 × 10–5) were significantly declined in AD samples (Figure 3). Only one miRNA, let-7e-5p (p = 6.25 × 10–5) was differentially expressed between PD and NC (Figure 3). PCA was carried out and 4 out of 5 AD samples can be distinguished from NC samples, suggesting that using these plasma sourced exosomal miRNAs as biomarkers may distinguish AD samples from control ones.
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FIGURE 3. Using significantly altered expression of miRNAs to distinguish AD from NC. Left, Heatmap of significant altered levels of miRNA expression in AD and PD samples. DESeq2 was used to identify significantly up-/down-expressed levels of miRNAs. Fold change was presented by log2 and p-value was presented by log10. PCA and k-means based clustering was performed to distinguish AD samples from NC samples by using significantly expressed levels of miRNAs.


Within eight significantly different miRNAs, let-7e-5p, miR-125a-5p, miR-23a-3p, and miR-375 were reported as AD biomarkers in previous independent studies: let-7e-5p, miR-125a-5p, miR-23a-3p, and miR-375 were marked in whole blood, plasma and plasma exosome, serum and plasma exosome, and serum, respectively (Burgos et al., 2014; Dong et al., 2015; Satoh et al., 2015; Gao et al., 2017). Four miRNAs including miR-1468-5p, miR-204-5p, miR-369-5p, and miR-423-5p, were newly found differential in AD. This exo-miRNA performance could therefore be used for the diagnosis of the pathological changes in AD.



Validation of Candidate miRNAs by Another Exosomal Isolation Kit

To evaluate how the exosome isolation method influences small RNA performance, we tested another commercially available exosome isolation kit: column-based kit (exoEasy spin column, SC). Additionally, small RNA in plasma without exosome isolation was also extracted (called PC). Small RNAs yield of samples from three approaches was measured by NanoDrop 2000 Spectrophotometer (Thermo Fisher Scientific). Library preparation and next-generation sequencing were followed by using BGI-seq 500 platform (Table 2). Small RNA data were generated from exosome isolation by using precipitation-based method, and column-based method were named as EQ, SC, while data generated in plasma without exosome isolation was named PC.


TABLE 2. Exosome isolation workflow.
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We extracted the expression of 8 miRNA that were found significantly altered in EQ data from SC and PC data (Figure 4). The fold changes of five down-regulated miRNAs (miR-125a-5p, miR-1468-5p, miR-204-5p, let-7e-5p, miR-375) were consistent between EQ, SC and PC. The fold changes of miR-369-5p and miR-423-5p were consistent between EQ and SC (Figure 4A). Correlation analysis showed miR-1468-5p and miR-23a-3p had higher correlation coefficients than other miRNAs (Figures 4B). Co-inertia analysis of the relationships between EQ, SC, and PC was carried out by using the expression of 5 AD and 20 NC samples (Figure 4C). Significant correlation was detected between EQ and SC (p = 0.02), indicating the expression of candidate miRNAs can be validated by exo-miRNA profile from another isolating method (Figure 4C).
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FIGURE 4. Validation of candidate miRNAs by SC and PC. (A) Fold change (FC) and p-value of candidate miRNA expression in AD samples, FC and p-value were calculated by DESeq2. (B) Spearman Correlation coefficients of miRNA expression between EQ, SC, and PC. (C) Co-inertia analysis of the relationships between EQ, SC, and PC. Monte-Carlo test was carried out, and the significance of correlation could be observed between EQ and SC (p < 0.05). Each sample is represented with two dots connected by a thin line.




The Reproductivity of Exo-miRNA Profile

We further evaluated the isolation methods by their RNA yield, sequence data quality and miRNA expression. Additional 14 control samples were added into this study. In total, 46 human plasma samples were collected including 5 AD patients, 7 PD patients, and 34 NC participants.

Human Brain Reference RNA (HBRR) samples were added into sRNA libraries as external markers in order to eliminate the bias of each sequencing lane. It was observed that over 20 million reads per sample were mapped to human genome, and most of the reads enriched in the range of 18–25 nt (Supplementary Figures S4A,B). Considering the fact that miRNA expression of all HBRR samples were highly correlated, it could be concluded that the batch effect was negligible, and the quality control of the library preparation and sequencing platform was eligible for our study (Supplementary Figures S4C–E).

Then, we compared the three datasets, i.e., EQ, SC, and PC, from 46 samples from small RNA yield, identified miRNA number and miRNA counts. The total yields of 138 (46 × 3) samples from EQ, SC, and PC were measured and the average yield of PC was significantly larger than those of EQ and SC (p < 0.01) while no difference had been found between EQ and SC (Figure 5A). More than 250 miRNAs were identified in EQ samples aligned to miRbase3, which was notably larger than that in PC samples (p < 0.05). No significant differences could be found either between EQ and SC or between PC and SC (Figure 5B). Total number of aligned miRNA counts displayed an order of EQ > PC (p < 0.01) > SC group (p < 0.05) (Figure 5C). Therefore, EQ data presented remarkably larger data size while no fundamental difference of sRNA yield was found between EQ and SC methods.
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FIGURE 5. Analysis of the differences in exosomal miRNA profiles among three isolation methods. (A) Small RNA yield efficiency by three methods. (B) Identified miRNA species by three methods, average of miRNA species from 46 samples. (C) MiRNA total counts by three methods, average of total miRNA counts from 46 samples. (D) Average read length distribution by three methods. (E) Aligned miRNA reads and unmapped reads of 46 samples by three methods. (F) Venn diagram presents all identified miRNAs that are common or unique in the three method datasets. Most (695) miRNAs were common to the three sets. (G–I), Scatter plots reveal correlations between EQ and PC (D), EQ and SC (E), SC and PC (F). Each scatter plot represents relative expression of miRNA profiles obtained by two methods. * represents p < 0.05 in Student’s T-test. ** represents p < 0.01 in Student’s T-test.


The EQ reads enriched in 18–25 nt while a great number of SC and PC reads showed enrichment in the <18 nt range (Figure 5D). Moreover, EQ data had the highest percentages of mature miRNA reads and the lowest percentages of unmapped reads, suggesting that EQ group had better data quality compared to SC and PC (Figure 5E). Among all detected miRNAs, 695 common miRNAs were found in all three data while 85, 131, 48 unique miRNAs were observed in SC, EQ, and PC samples, respectively (Figure 5F and Supplementary Table S3). At last, the pairwise correlation coefficient was calculated among the three pairs of samples. The correlation (R2) values were 0.982 between EQ and PC groups, 0.954 between EQ and SC groups and 0.959 between SC and PC groups (Figures 5G–I). Overall, these verified the reproductivity of exo-miRNA profile and better data quality of EQ data.



MiRNA Expression Can Distinguish SC From EQ and PC

To further study whether EQ, SC, PC samples could be distinguished by the miRNA expression profiles, the k-means clustering was carried out to classify data generated from each sample by EQ, PC and SC methods. Unsurprisingly, 42 out of 46 EQ and PC samples can be clustered into group 2 (Figures 6A,B). Additionally, co-inertia analysis between the miRNA profiles of EQ, PC and SC samples revealed a significant co-variation (Figures 6C–E; Zhao et al., 2018). Significant variances were observed in all three comparisons (p < 0.01) and the RV coefficients were 0.5991, 0.4892, and 0.5634 between EQ and PC, between PC and SC, and between EQ and SC, respectively. Rather than SC samples, the miRNA profiles of EQ samples were more related to those of PC samples (Figures 6C–E).
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FIGURE 6. Correlation of EQ, PC, and SC profiles. (A) Grouping information for each sample by PCA. Colors and shapes represent three exosome isolation methods. Y-axis shows the sample number. X-axis shows the grouping information. (B) Venn diagram represents EQ, PC, and SC samples that are grouped into the same clusters. (C) Co-inertia analysis (CIA) of relationships between the EQ and PC miRNA expressional PCA. (D) CIA of relationships between the PC and SC miRNA expressional PCA. (E) CIA of relationships between the EQ and SC miRNA expressional PCA. (C–E) p-value < 0.01 from 99 Monte-Carlo simulations.


Since the three datasets were generated from one sample, we analyzed correlation between miRNA expression levels of EQ, SC, and PC (Figure 7A). In 46 samples, the spearman correlation coefficients of miRNA expression between EQ and PC were from 0.51 to 0.95, while those between SC and PC were from 0.33 to 0.78. Consistent with the results above, the overall correlation coefficients between EQ and PC were higher than those between SC and PC. The corresponding miRNA expression levels of EQ data were also significantly higher than those of SC data (Figure 7B). Then, we could conclude that better exo-miRNA data were generated by using the EQ isolating method.
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FIGURE 7. miRNA expression under three isolation methods. (A) Spearman correlation coefficient was calculated from miRNA expression data in the pair of EQ-PC and SC-PC in each sample. EQ data exhibited higher correlation with PC data than SC with PC. (B) Heatmap of miRNA expression in 46 samples. The top 100 abundant miRNAs were displayed. Higher expression levels were obviously observed in EQ data.




DISCUSSION

Neurodegenerative diseases such as AD and PD originate from a loss of neurons in the CNS (Tan et al., 2015). Using new methods to assist diagnosis of AD and PD is still under development. In the present study, we compared miRNA profiles of 5 AD and 7 PD samples to those of control samples. Eight miRNAs were suggested as biomarkers of neurodegenerative diseases. However, the sample size of AD and PD limits the accuracy of the biomarker selection. We downloaded small RNA sequencing data including 48 AD and 29 PD samples from two previous studies (Leidinger et al., 2013; Hoss et al., 2016). The AD samples were collected from the whole blood, and the PD samples were collected from the prefrontal cortex. Considering 100 most abundant miRNAs, 90 miRNAs could be identified from the download data of 48 AD and 22 control samples while 94 miRNAs could be identified from the data of 29 PD and 33 control samples (Supplementary Table S2). In 48 AD samples, 6 down-regulated and 1 up-regulated miRNAs were identified which is consistent with our results: much more down-regulated miRNAs can be identified in AD samples. However, the expression of significantly altered miRNA in our data didn’t display consistency with download data (Supplementary Table S2). It could be caused by the difference of sample types indicating that the expression of exo-miRNA presents different pattern compared to those from whole blood and the brain.

To obtain the more robust biomarkers, multiple methods of differential expression analysis were applied by using EdgeR and Limma R packages (Robinson et al., 2010; Ritchie et al., 2015). Then, 15 miRNAs and 3 miRNAs were identified in AD and PD samples by all three software (Supplementary Figure S5 and Supplementary Table S5). Results from EdgeR and DESeq2 shared more common miRNAs in both AD and PD samples. Less than half of the miRNAs from Limma can be found by EdgeR or DESeq2 suggesting that too many false positive results were produced by Limma. Combining with the fact that the original design of Limma was to analyze Chip-seq data, Limma did not fit this data. In AD samples, 9 and 24 unique miRNAs were identified by DESeq2 and EdgeR, while 28 miRNAs were commonly found by DESeq2 and EdgeR (Supplementary Figure S5). Nearly three quarters of DESeq2 identified miRNAs could be mutually found by EdgeR, and results from DESeq2 were trustworthy.

Exosomes do not carry the necessary molecules to accomplish cell-independent miRNA biogenesis as previously reported, suggesting that the release of exo-miRNAs aims to regulate gene expression in target cells or extracellular milieu, rather than targets inside exosomes (Melo et al., 2014; Jeppesen et al., 2019). In this study, we found down-regulated miRNAs enriched in different AD and PD clusters (Figure 1B). Targets of seventeen miRNAs from cluster 3 were enriched in ECM-receptor interaction signaling pathway (Supplementary Table S4). It indicated dramatic alteration in post-transcriptional regulation of extracellular environment. Fatty acid biosynthesis pathway involved six miRNAs from cluster 1, three miRNAs from cluster 4, and three miRNAs from cluster 6 (Supplementary Table S4). Therefore, these enriched pathways may exhibit that the miRNA-level response mainly focused on extracellular environment and fatty acid biosynthesis (Figure 1B).

Expression level of miR-424-5p elevated in AD and declined in PD (Supplementary Table S2). Fatty acid synthase (FASN) and Acyl-CoA synthetase long chain family member 3/4 (ACSL3/4), which are target genes of miR-424-5p, are strongly involved in energy metabolism in brain (Mashek et al., 2007; Long et al., 2013). It could be a new biomarker for neurodegenerative diseases. Overexpression of miR-423-5p significantly increased in distant brain metastasis (Sun et al., 2018). It is a biomarker of brain metastasis and a therapeutic target in lung adenocarcinoma (Sun et al., 2018). Up-regulation of miR-423-5p in AD samples could be a response to brain dysfunction, it also has potential to be a novel plasma marker for AD.

Additionally, we need biomarkers to distinguish neurodegenerative diseases from each other. Exosomal protein and miRNA isolated from CSF sometimes lead to contrary results between AD and PD (Kim et al., 2016; Jia et al., 2019). In our data, let-7e-5p was found elevated in PD samples and declined in AD samples, indicating that let-7e-5p could be a biomarker to differentiate the sub-type of neurodegenerative disease. Neurotoxic miRNA family let-7 has long been discovered related to initiation innate immune pathways and apoptosis in the CNS (Lehmann et al., 2012; Derkow et al., 2018). Extracellular let-7b activates the RNA-sensing Toll-like receptor (TLR) 7 and induces neurodegeneration (Lehmann et al., 2012). As the miRNAs with redundant functions could be cooperative to buffer transcriptomic balance, expression level of let-7e might be suppressed by high level of let-7b in AD (Fischer et al., 2015). PD patients also suffer from neurodegeneration, expression of let-7 should elevate as it is in AD patients, yet no evidence indicates higher level of let-7b in PD samples (Dawson and Dawson, 2003). That could be a reason why expression level of cooperative let-7e was lower in AD and higher in PD.

We compared exo-miRNA expression levels between AD and PD samples (Supplementary Table S6). Eight miRNAs were differentially expressed between AD and PD. Six miRNAs elevated in PD, and two miRNAs elevated in AD. Among 8 significantly altered miRNAs, three were miR-548 members. The miR-548 (ap, ad-5p, k) is an anti-oncogenic regulator, and miR-548 can induce cell apoptosis in the breast cancer cell (Ke et al., 2016). Three miR-548 (ap-3p, ad-5p, k) elevated in PD, suggesting that PD patients might have greater oncogenic stress than AD patients.

Traditional exosome isolation methods using ultracentrifuge do not satisfy the clinical need for high-through and rapidity (Tang et al., 2017). Commercially available kits would overcome the obstacles between related research and clinical application, as well as the cost of diagnosis. We tested two commercially available kits and compared them with small RNA profile in plasma. Based on the sequence data, miRNA in exosome exhibit higher expression levels and better quality than that in plasma. It suggests that the biomarkers in exosome should have better diagnostic efficiencies than in plasma. Besides, we tested whether the storage would affect exosomal sRNA profile. Four plasma samples were stored at -80°C for 1, 2, and 3 months followed by sRNA sequencing. Except EQ samples, miRNA counts of PC and SC samples didn’t show a very clear pattern with time (Supplementary Figure S6). In spite of this, plasma samples should be stored at −80°C no more than 2 months in order to get good miRNA quality.

Finding biomarkers in blood exosome is a quite popular and practical direction of neurodegenerative diseases early diagnosis. In this study, we sequenced exo-miRNA from human blood of AD and PD patients. The reproducibility of small RNA results has always been a barrier of identifying stable biomarkers. We tested the plasma exo-miRNA expression by applying multiple small RNA extraction methods. Three datasets, EQ, SC, and PC, confirmed the stability of the pipeline used in this study suggesting that our results represented the exo-miRNA profiles in AD and PD patients. However, due to the limitation of sample size and the variety of miRNA expression, the biomarkers we proposed need further verification in longitudinal studies.



DATA AVAILABILITY STATEMENT

The datasets generated for this study can be found in the NCBI BioProject (Accession Number: PRJNA587017) and CNGB Nucleotide Sequence Archive (Accession Number: CNP0000728).



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Affiliated Hospital of Jining Medical University IRB (2017-KE-B001) BGI IRB (No. BGI-IRB16019). The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual contribution to the work, and approved it for publication.



FUNDING

This work was supported by Science, Technology and Innovation Commission of Shenzhen Municipality under Grant Nos. JCYJ20170412153100794 and JSGG20170824152728492 and Shandong Province Medical and Health Science and Technology Development Plan Project (2017WS222).


SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnins.2020.00438/full#supplementary-material

FIGURE S1 | Heatmap of the miRNA expression in AD, PD, and NC.

FIGURE S2 | Seven miRNAs consistently altered in both AD and PD.

FIGURE S3 | Target prediction results by three software.

FIGURE S4 | HBRR samples showed that batch effect was negligible.

FIGURE S5 | Identification of differential miRNA expression.

FIGURE S6 | Small RNA data quality of samples under -80°C storage.

TABLE S1 | Characteristics of participants.

TABLE S2 | Differential expressed miRNAs in AD and PD identified by DEseq2.

TABLE S3 | Full list of miRNA expression.

TABLE S4 | KEGG results of each cluster.

TABLE S5 | List of differentially expressed miRNA generated by three software.

TABLE S6 | Expression of 8 miRNAs in AD and PD samples.


FOOTNOTES

1
https://medlineplus.gov/lab-tests/fasting-for-a-blood-test/

2
http://rfam.xfam.org/

3
http://www.mirbase.org/

REFERENCES

Agarwal, V., Bell, G. W., Nam, J. W., and Bartel, D. P. (2015). Predicting effective microRNA target sites in mammalian mRNAs. eLife 4:e05005. doi: 10.7554/eLife.05005

Alderton, G. K. (2015). Diagnosis: fishing for exosomes. Nat. Rev. Cancer 15:453. doi: 10.1038/nrc3990

Altschul, S. F., Gish, W., Miller, W., Myers, E. W., and Lipman, D. J. (1990). Basic local alignment search tool. J. Mol. Biol. 215, 403–410. doi: 10.1016/S0022-2836(05)80360-2

Bellingham, S. A., Coleman, B. M., and Hill, A. F. (2012). Small RNA deep sequencing reveals a distinct miRNA signature released in exosomes from prion-infected neuronal cells. Nucleic Acids Res. 40, 10937–10949. doi: 10.1093/nar/gks832

Betel, D., Koppal, A., Agius, P., Sander, C., and Leslie, C. (2010). Comprehensive modeling of microRNA targets predicts functional non-conserved and non-canonical sites. Genome Biol. 11:R90. doi: 10.1186/gb-2010-11-8-r90

Burgos, K., Malenica, I., Metpally, R., Courtright, A., Rakela, B., Beach, T., et al. (2014). Profiles of extracellular miRNA in cerebrospinal fluid and serum from patients with Alzheimer’s and Parkinson’s diseases correlate with disease status and features of pathology. PLoS One 9:e94839. doi: 10.1371/journal.pone.0094839

Dawson, T. M., and Dawson, V. L. (2003). Molecular pathways of neurodegeneration in Parkinson’s disease. Science 302, 819–822. doi: 10.1126/science.1087753

Derkow, K., Rossling, R., Schipke, C., Kruger, C., Bauer, J., Fahling, M., et al. (2018). Distinct expression of the neurotoxic microRNA family let-7 in the cerebrospinal fluid of patients with Alzheimer’s disease. PLoS One 13:e0200602. doi: 10.1371/journal.pone.0200602

Dong, H., Li, J., Huang, L., Chen, X., Li, D., Wang, T., et al. (2015). Serum MicroRNA profiles serve as novel biomarkers for the diagnosis of Alzheimer’s Disease. Dis Mark.rs 2015:625659. doi: 10.1155/2015/625659

Enderle, D., Spiel, A., Coticchia, C. M., Berghoff, E., Mueller, R., Schlumpberger, M., et al. (2015). Characterization of RNA from exosomes and other extracellular vesicles isolated by a novel spin column-based method. PLoS One 10:e0136133. doi: 10.1371/journal.pone.0136133

Fischer, S., Handrick, R., Aschrafi, A., and Otte, K. (2015). Unveiling the principle of microRNA-mediated redundancy in cellular pathway regulation. RNA Biol. 12, 238–247. doi: 10.1080/15476286.2015.1017238

Gao, H. M., and Hong, J. S. (2008). Why neurodegenerative diseases are progressive: uncontrolled inflammation drives disease progression. Trends Immunol. 29, 357–365. doi: 10.1016/j.it.2008.05.002

Gao, Q. L., Ma, Y. X., Yuan, D. W., Zhang, Q. C., Zeng, J., and Li, H. (2017). MicroRNA-125b in peripheral blood: a potential biomarker for severity and prognosis of children with viral encephalitis. Neurol. Sci. 38, 1437–1444. doi: 10.1007/s10072-017-2982-x

Gonzales, P. A., Pisitkun, T., Hoffert, J. D., Tchapyjnikov, D., Star, R. A., Kleta, R., et al. (2009). Large-scale proteomics and phosphoproteomics of urinary exosomes. J. Am. Soc. Nephrol. 20, 363–379. doi: 10.1681/ASN.2008040406

Hara, M., Kobayakawa, K., Ohkawa, Y., Kumamaru, H., Yokota, K., Saito, T., et al. (2017). Interaction of reactive astrocytes with type I collagen induces astrocytic scar formation through the integrin-N-cadherin pathway after spinal cord injury. Nat. Med. 23, 818–828. doi: 10.1038/nm.4354

Hewel, C., Kaiser, J., Wierczeiko, A., Linke, J., Reinhardt, C., Endres, K., et al. (2019). Common miRNA Patterns of Alzheimer’s Disease and Parkinson’s Disease and their putative impact on commensal gut microbiota. Front. Neurosci. 13:113. doi: 10.3389/fnins.2019.00113

Hoss, A. G., Labadorf, A., Beach, T. G., Latourelle, J. C., and Myers, R. H. (2016). microRNA profiles in Parkinson’s Disease prefrontal cortex. Front. Aging Neurosci. 8:36. doi: 10.3389/fnagi.2016.00036

Jeppesen, D. K., Fenix, A. M., Franklin, J. L., Higginbotham, J. N., Zhang, Q., Zimmerman, L. J., et al. (2019). Reassessment of exosome composition. Cell 177, 428.e18–445.e18.. doi: 10.1016/j.cell.2019.02.029

Jia, L., Qiu, Q., Zhang, H., Chu, L., Du, Y., Zhang, J., et al. (2019). Concordance between the assessment of Abeta42, T-tau, and P-T181-tau in peripheral blood neuronal-derived exosomes and cerebrospinal fluid. Alzheimers Dement. 15, 1071–1080. doi: 10.1016/j.jalz.2019.05.002

Kanehisa, M., and Goto, S. (2000). KEGG: kyoto encyclopedia of genes and genomes. Nucleic Acids Res. 28, 27–30. doi: 10.1093/nar/28.1.27

Ke, H., Zhao, L., Feng, X., Xu, H., Zou, L., Yang, Q., et al. (2016). NEAT1 is required for survival of breast cancer cells through FUS and miR-548. Gene Regul. Syst. Bio. 10(Suppl. 1), 11–17. doi: 10.4137/GRSB.S29414

Keller, A., Leidinger, P., Bauer, A., Elsharawy, A., Haas, J., Backes, C., et al. (2011). Toward the blood-borne miRNome of human diseases. Nat. Methods 8, 841–843. doi: 10.1038/nmeth.1682

Kim, D., Kim, Y. S., Shin, D. W., Park, C. S., and Kang, J. H. (2016). Harnessing cerebrospinal fluid biomarkers in clinical trials for treating Alzheimer’s and Parkinson’s Diseases: potential and challenges. J. Clin. Neurol. 12, 381–392. doi: 10.3988/jcn.2016.12.4.381

Konovalova, J., Gerasymchuk, D., Parkkinen, I., Chmielarz, P., and Domanskyi, A. (2019). Interplay between MicroRNAs and oxidative stress in neurodegenerative diseases. Int. J. Mol. Sci. 20:6055. doi: 10.3390/ijms20236055

Kruger, J., and Rehmsmeier, M. (2006). RNAhybrid: microRNA target prediction easy, fast and flexible. Nucleic Acids Res. 34, W451–W454. doi: 10.1093/nar/gkl243

Lehmann, S. M., Kruger, C., Park, B., Derkow, K., Rosenberger, K., Baumgart, J., et al. (2012). An unconventional role for miRNA: let-7 activates Toll-like receptor 7 and causes neurodegeneration. Nat. Neurosci. 15, 827–835. doi: 10.1038/nn.3113

Leidinger, P., Backes, C., Deutscher, S., Schmitt, K., Mueller, S. C., Frese, K., et al. (2013). A blood based 12-miRNA signature of Alzheimer disease patients. Genome Biol. 14:R78. doi: 10.1186/gb-2013-14-7-r78

Long, X. H., Mao, J. H., Peng, A. F., Zhou, Y., Huang, S. H., and Liu, Z. L. (2013). Tumor suppressive microRNA-424 inhibits osteosarcoma cell migration and invasion via targeting fatty acid synthase. Exp. Ther. Med. 5, 1048–1052. doi: 10.3892/etm.2013.959

Love, M. I., Huber, W., and Anders, S. (2014). Moderated estimation of fold change and dispersion for RNA-seq data with DESeq2. Genome Biol. 15:550. doi: 10.1186/s13059-014-0550-8

Mak, S. S. T., Gopalakrishnan, S., Caroe, C., Geng, C., Liu, S., Sinding, M. S., et al. (2017). Comparative performance of the BGISEQ-500 vs Illumina HiSeq2500 sequencing platforms for palaeogenomic sequencing. Gigascience 6, 1–13. doi: 10.1093/gigascience/gix049

Mashek, D. G., Li, L. O., and Coleman, R. A. (2007). Long-chain acyl-CoA synthetases and fatty acid channeling. Future Lipidol. 2, 465–476. doi: 10.2217/17460875.2.4.465

McKhann, G. M., Knopman, D. S., Chertkow, H., Hyman, B. T., Jack, CRJr, Kawas, C. H., et al. (2011). The diagnosis of dementia due to Alzheimer’s disease: recommendations from the National Institute on Aging-Alzheimer’s association workgroups on diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement. 7, 263–269. doi: 10.1016/j.jalz.2011.03.005

Melo, S. A., Sugimoto, H., O’Connell, J. T., Kato, N., Villanueva, A., Vidal, A., et al. (2014). Cancer exosomes perform cell-independent microRNA biogenesis and promote tumorigenesis. Cancer Cell 26, 707–721. doi: 10.1016/j.ccell.2014.09.005

Nelson, P. T., Wang, W. X., and Rajeev, B. W. (2008). MicroRNAs (miRNAs) in neurodegenerative diseases. Brain Pathol. 18, 130–138. doi: 10.1111/j.1750-3639.2007.00120.x

Rekker, K., Saare, M., Roost, A. M., Kubo, A. L., Zarovni, N., Chiesi, A., et al. (2014). Comparison of serum exosome isolation methods for microRNA profiling. Clin. Biochem. 47, 135–138. doi: 10.1016/j.clinbiochem.2013.10.020

Ritchie, M. E., Phipson, B., Wu, D., Hu, Y., Law, C. W., Shi, W., et al. (2015). limma powers differential expression analyses for RNA-sequencing and microarray studies. Nucleic Acids Res. 43:e47. doi: 10.1093/nar/gkv007

Robinson, M. D., McCarthy, D. J., and Smyth, G. K. (2010). edgeR: a Bioconductor package for differential expression analysis of digital gene expression data. Bioinformatics 26, 139–140. doi: 10.1093/bioinformatics/btp616

Sadlon, A., Takousis, P., Alexopoulos, P., Evangelou, E., Prokopenko, I., and Perneczky, R. (2019). miRNAs identify shared pathways in Alzheimer’s and Parkinson’s Diseases. Trends Mol. Med. 25, 662–672. doi: 10.1016/j.molmed.2019.05.006

Satoh, J., Kino, Y., and Niida, S. (2015). MicroRNA-seq data analysis pipeline to identify blood biomarkers for Alzheimer’s Disease from public data. Biomark Insights 10, 21–31. doi: 10.4137/BMI.S25132

Schwarzenbach, H., Nishida, N., Calin, G. A., and Pantel, K. (2014). Clinical relevance of circulating cell-free microRNAs in cancer. Nat. Rev. Clin. Oncol. 11, 145–156. doi: 10.1038/nrclinonc.2014.5

Sun, G., Ding, X., Bi, N., Wu, L., Wang, J., Zhang, W., et al. (2018). MiR-423-5p in brain metastasis: potential role in diagnostics and molecular biology. Cell Death Dis. 9, 936. doi: 10.1038/s41419-018-0955-5

Tan, L., Yu, J. T., and Tan, L. (2015). Causes and consequences of MicroRNA dysregulation in neurodegenerative diseases. Mol. Neurobiol. 51, 1249–1262. doi: 10.1007/s12035-014-8803-9

Tang, Y. T., Huang, Y. Y., Zheng, L., Qin, S. H., Xu, X. P., An, T. X., et al. (2017). Comparison of isolation methods of exosomes and exosomal RNA from cell culture medium and serum. Int. J. Mol. Med. 40, 834–844. doi: 10.3892/ijmm.2017.3080

Taylor, D. D., Zacharias, W., and Gercel-Taylor, C. (2011). Exosome isolation for proteomic analyses and RNA profiling. Methods Mol. Biol. 728, 235–246. doi: 10.1007/978-1-61779-068-3_15

Thery, C., Amigorena, S., Raposo, G., and Clayton, A. (2006). Isolation and characterization of exosomes from cell culture supernatants and biological fluids. Curr. Protoc. Cell Biol. Chapter 3:22. doi: 10.1002/0471143030.cb0322s30

Valadi, H., Ekstrom, K., Bossios, A., Sjostrand, M., Lee, J. J., and Lotvall, J. O. (2007). Exosome-mediated transfer of mRNAs and microRNAs is a novel mechanism of genetic exchange between cells. Nat. Cell Biol. 9, 654–659. doi: 10.1038/ncb1596

Vlachos, I. S., Zagganas, K., Paraskevopoulou, M. D., Georgakilas, G., Karagkouni, D., Vergoulis, T., et al. (2015). DIANA-miRPath v3.0: deciphering microRNA function with experimental support. Nucleic Acids Res. 43, W460–W466. doi: 10.1093/nar/gkv403

Witwer, K. W., Buzas, E. I., Bemis, L. T., Bora, A., Lasser, C., Lotvall, J., et al. (2013). Standardization of sample collection, isolation and analysis methods in extracellular vesicle research. J. Extracell Vesicles 2012:2. doi: 10.3402/jev.v2i0.20360

Wood, M. J., O’Loughlin, A. J., and Samira, L. (2011). Exosomes and the blood-brain barrier: implications for neurological diseases. Ther. Deliv. 2, 1095–1099. doi: 10.4155/tde.11.83

Zhao, L., Zhang, F., Ding, X., Wu, G., Lam, Y. Y., Wang, X., et al. (2018). Gut bacteria selectively promoted by dietary fibers alleviate type 2 diabetes. Science 359, 1151–1156. doi: 10.1126/science.aao5774

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Nie, Sun, Zhen, Guo, Ye, Liu, Yang and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/fnins-14-00438-g003.jpg
Differential expressed miRNA

P-Value
(-log10)

FoldChange
4 ' (log2)

S

4
/7 /7
/b\l
&
&

’Q\‘
o}/q)cz;
S

S
61)/

AD/NC

Dim2 (16.8%)

PCA

Dim1 (52.1%)





OPS/images/fnins-14-00438-g002.jpg





OPS/images/fnins-14-00438-g001.jpg
AD/NC

PD/NC

KEGG Pathway

AD

Cluster 3

Cluster 1

Cluster 6

Cluster 4

ECM-receptor interaction
Thyroid hormone synthesis
Thyroid hormone signaling pathway

Fatty acid biosynthesis
Proteoglycans in cancer
Glycosphingolipid biosynthesis
N-Glycan biosynthesis
Arrhythmogenic right ventricular cardiomyopathy

Hippo signaling pathway

-Log10(P-value)

o000 .
-
o

o O M

-
N





OPS/images/fnins-14-00438-g007.jpg
Correlation

fii | | hsa-miR-320d
| | N | B hsa-miR-1246
0.72 0.70 I i I i i [l |1 hsa-miR-1290

1
0.9 il hsa-miR-1468-5p
0.70 2 hsa-miR-4685-3p
M | hsa-miR-3605-3p
) i hsa-let-7d-3
048 3 e 1 L] : hsa-miR-4732-3p
0.55 4 0.8 i | L hsa-miR-1260a
: I I i H 2 i | i hsa-miR-126 1
0.66 064 5 I ] 1 hsa-miR~1306-5p
07 e ' s
0.76 0.63 6 ] I 1] 0 i | hsa-miR-486-5 0
| hsa-miR-942-5p
0.62 0.67 7 06 | | B hsa-miR-183-5p
’ hsa-miR-24-3p
0.55 8 ’ l . 'l "B | L] i l b hsa-miR-30d-5p
e 9 . [ .‘ m hsa-miR-98-5p -1
0,63 0.55 10 0.5 ! . 1 i -
0.71 0.52 11 i I
0.74 0.73 12 0.4
0.73 0.62 13 | 1 | | l i I I ! i
0.58 0.72 14 . I i s I I [ | |
0.65 0.68 15 I ' ] F
0.75 0.62 16 . . I 1 i i
075 071 . L u ! ﬂ i
17 O ﬁ 1% ! 1 ! i
0.72 0.67 21 , 1 1
076 059 22 B I ‘l i B
i R-204-5p
0.79 0.70 23 ] r ] I ‘:sa— s—]gga-sp
_ sa-miR-139-5p
0.77 0.78 24 B 1 i g | L] hsa-let-7e-5p
ll I hsa-miR-99a-5
0.60 0.63 25 | ] ] 1 ! .hsa—let—7c—5p ’
[ hsa-miR-194-5p
I | [ | hsa-miR-34a-5p
0.59 0.73 27 ] hsa-miR-199a-3p
[ ] I |} | I hsa-miR-4446-3p
| | I '] [ | hsa-miR-485-5p
0.58 0.51 [ hsa-miR-3184-3p
29 i | [] ] . 1 W n [] 1 hsa-miR-877-5p
0.53 0.52 30 i nermi ieloe
[ 1 i A [ 8 h::— R—423ES
0.74 0.69 31 r i i I [ T R toenns
hsa-miR-425-3p
0.78 0.72 32 I ' w ) Il 1 i ﬂ L hsa-miR-127-3p
| Il hsa-miR-342-3p
0.73 0.68 33 L ! hsa-miR-574-5p
5 i N |} " hea-miR-3629-3
079 0.76 34 i | 1 L. L o e o i hsa- R—196b—5E
# | hsa-i 584-5p
0.69 0.63 35 (] . [ n 1 Il H I 'l hsa-miR-27b-3p
B hsa-miR-27a-3p
0.65 0.52 36 hsa-miR-146a-5p
i ' hsa-miR-21-5p
0.73 0.54 37 o i hsa-miR-126-3p
|| I l I B I [ ] hsa-miR-151a-5p
hsa-miR-26a-5p
0.71 0.59 39 l l B 18 i H " i . hsa-miR-23a-3p
! I ‘ '] | | hsa-miR-181a-5p
0.72 0.71 40 | B | | in il hsa—m!R—1B1b—5p
i i g il l ] 1 hsa-miR-143-3p
I i hsa-miR-424-5p
165 41 ' IIL | i i [ | [ ] hsa-miR-484
1 hsa-miR-378a-3p
0.59 42 'R f 1 ] 1 ' 1 a i hsa-miR-3074-5p
)] hsa-miR-15a-5p
0.64 0.57 43 . ! g s " hea-miR-345-50
s 44 1 ! hsa-miR-151b
: ' el " 1 hea-miR_1507-
T sa-miR— -3p
079 0.56 45 i 5 i i 1 hsa-miR-423-3p
| il 1 i " [ ! hsa-miR-532-5
0.66 0.56 46 I i . ! i i hsa—miR—425—5g
0.67 47 lm M " i 1 - i |‘ " E::ﬂgiggﬁfsp
i | | i] ] i hsa-miR-19b-3p
0.58 0.60 48 '] (] N ] hsa-miR-192-5p
hsa-miR-185-5p
0.73 0.54 49 I . q I n i ] hsa-miR-16-5p
i B hsa-miR-25-3p
EQ PC SC PC REFA C LR 147
1] [ hsa-miR-92a-3p





OPS/images/fnins-14-00438-g006.jpg
Sample

>+

&> +

cOPPODDODDPDDDDDD DPDDPDPODDDDDODBEDOD

POPOODDODODOBD

Gréup

++

++++++++++ FHE+E++ ++

+

+

++ t+++toet+e +

W=

Method
O EQ
A PC
+ sC

D

s
N
0
©
o
[
o
I
o

PC VS. SC (RV=0.4892, p<0.01)
-—
/ g
3

]

Axis1(41.45%)

colour
@ PC
@ sc

(@)

EQ VS. PC (RV=0.5991, p<0.01)

Axis2(23.43%)

Axis1(41.62%)

EQ VS. SC (RV=0.5634, p<0.01)

Axis2(17.49%)

S

A\

I.H'
N

~

e~

™

Axis1(45.82%)

colour
@ EQ
@ Pc

colour
@ EQ
@ sc





OPS/images/fnins-14-00438-g005.jpg
Yield(ng/ml)

Percentage

e

e

e

y=0.024 +0.997x
R?=0.982

Type

== PC
== SC

Percentage

miRNA Species

400 -

350 =

300

2504

200

100%

H

Mature miRNA

y=0.007 +0.991x

R?=0.954

Unmapped reads

'—.—.—
EQ PC SC

o

miRNA Counts

zwoj-
20x10' g

1.0x10"
8.0x10°=
6.0x10°=
4.0x10° =

2.0x10°

w4

EQ PC SC

y=0.069+0.971x
R?=0.959






OPS/images/fnins-14-00438-g004.jpg
A L € ColA Analysis
EQ SC EQ VS. PC (RV=0.078, p=0.73)
FC P FC P /
miR-125a-5p 5 \
é’
colour
miR-1468-5p o o |
@ PC
miR-204-5p Axis?(56.54%)
SCVS. PC (RV=0.111, p=0.39)
let-7e-5p g
:
miR-375 o |
@ PC
@ sc \
MiR=23a=0p Axis1(47.26%)
EQ VS. SC (RV=0.382, p=0.02)
-
miR-369-5p 5 L /
| : E&
miR-423-5p our
®» EQ -
» SC

——n

4 3 21 0 -1-2 -3 06 04 02 O

Axis1(89.21%)





OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Differential Expression of Plasma Exo-miRNA in Neurodegenerative Diseases by Next-Generation Sequencing



		INTRODUCTION



		MATERIALS AND METHODS



		Sample Collection and Ethics Statement



		Collection of Neuronal-Derived Exosomes From Blood



		Small RNA Extraction, Library Preparation and Small RNA Sequencing



		Small RNA Data Analysis



		Target Prediction and KEGG Pathway Analysis



		Statistical Analysis







		RESULTS



		The miRNA Expression in AD and PD Samples



		Down-Regulation of Exo-miRNA in AD and PD Samples



		Both Reported and Novel AD-/PD-Biomarkers Were Found in Exo-miRNA Profiles



		Validation of Candidate miRNAs by Another Exosomal Isolation Kit



		The Reproductivity of Exo-miRNA Profile



		MiRNA Expression Can Distinguish SC From EQ and PC







		DISCUSSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		SUPPLEMENTARY MATERIAL



		FOOTNOTES



		REFERENCES

















OPS/images/cover.jpg
, frontiers
In Neuroscience

Differential Expression of Plasma
Exo-miRNA
in Neurodegenerative Diseases
by Next-Generation Sequencing









OPS/images/logo.jpg
' frontiers

in Neuroscience





OPS/images/fnins-14-00438-t002.jpg
SC EQ Plasma

Exosome isolation 1. Filtered plasma 1 ml. 1. Filtered plasma 0.5 ml. N/A
2. ExoEasy spin column. 2. Thrombin for fibrin treatment.
3. Elute and collect the EVs. 3. ExoQuick ™ solution for
precipitation.

4. Resuspend the EVs pellet.
1. Small RNA extraction following the QlAzol protocol.
2. Small RNA measurement.
1. 200 ng of total RNA, MGIEasy Small RNA Library Prep Kit.
2. BGISEQ-500 platform.
3. Acquire > 25M reads per each sample.

miRNA extraction

Library preparation and sequencing





OPS/images/fnins-14-00438-t001.jpg
AD

miR-197-3p
miR-576-5p
miR-1468-5p
miR-375
let-7e-5p
miR-483-3p
miR-3173-5p
miR-320e
miR-197-5p
miR-193b-5p
miR-6749-3p
miR-20a-5p
miR-191-3p
miR-4659a-3p
let-7b-3p
miR-17-5p
miR-3591-3p
miR-125a-5p
miR-204-5p
miR-122-5p
miR-19b-3p
miR-183-5p
let-7b-5p
miR-22-3p
miR-151a-5p
miR-27b-3p
miR-21-5p
miR-27a-3p
miR-146a-5p
miR-28-3p
miR-379-5p
miR-23a-3p
miR-199a-3p
miR-369-5p
miR-382-5p
miR-378i
miR-423-5p

log2FC(AD/NC)

—4.76
2.75
—3.04
—2.01
—-2.10
—7.07
—6.38
—5.66
—5.52
—4.92
—4.91
—4.77
—4.63
—4.54
—4.09
—3.99
—3.97
—3.38
—2.79
—2.37
—2.16
—1.64
—1.37
0.98
1.06
1.19
1.62
1.62
1.85
2.30
2.38
2.55
3.156
3.16
3.72
4.31
4.35

P-value (AD)

0.000
0.024
0.003
0.004
0.003
0.000
0.000
0.000
0.004
0.000
0.014
0.009
0.013
0.018
0.002
0.042
0.011
0.000
0.000
0.007
0.040
0.036
0.018
0.015
0.045
0.030
0.032
0.031
0.017
0.038
0.032
0.000
0.010
0.001
0.033
0.008
0.003

PD

miR-197-3p
miR-576-5p
miR-1468-5p
miR-375
let-7e-5p
miR-211-5p
let-7e-3p
miR-122-3p
miR-941
miR-30d-5p
miR-192-5p
miR-93-5p
miR-425-5p
miR-99b-5p
let-7i-5p
miR-652-3p
miR-4732-3p
miR-6131
miR-3184-3p
miR-378g

log2FC(PD/NC)

—3.11
—3.37
—2.82
—1.66
2.83
—3.89
—3.44
—2.90
—2.67
—2.46
—1.85
—1.84
—1.568
—1.26
0.92
0.97
1.78
2.33
2.86
3.64

P-value (PD)

0.008
0.001
0.001
0.007
0.000
0.002
0.003
0.031
0.013
0.002
0.002
0.001
0.011
0.028
0.023
0.022
0.020
0.013
0.014
0.001

Underlined miRNAs differentially expressed in both AD and PD samples.





