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Supplementary materials and methods 

 

Transcriptome data and gene expression analysis 

The α-syn-related experimental genome data sets GSE19496, GSE7621, GSE17470, 

GSE70368, GSE30792, and GSE116010 were retrieved from the Gene Expression Omnibus 

database (http://www.ncbi.nlm.nih.gov/geo/). Differentially expressed genes were identified 

using R (v. 3.6.1) (R Foundation for Statistical Computing, Vienna, Austria) and R-studio (v. 

1.2.1335) (RStudio Team 2019). Microarray data were analyzed using the Limma package [1] 

and RNAseq data were analyzed using the Deseq2 package [2]. Heatmaps, volcano plots, and 

GO (gene ontology) plots were drawn with R. 

 

Evans Blue Dye Staining of CVB3 infected mice hearts 

EBD staining was performed as described previously [3]. A day before sacrificing, mice were 

injected intraperitoneally with 1% EBD diluted in PBS and administered 200 μl for each mice. 

Paraffin embedded heart sections were imaged with Axioscan Z1 (Carl Zeiss). 

  

http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=http://www.ncbi.nlm.nih.gov/geo/


2 

 

References 

1. Smyth GK (2005) Limma: linear models for microarray data. In:  Bioinformatics and computational 

biology solutions using R and Bioconductor. Springer, pp 397-420 

2. Anders S (2009) Differential gene expression analysis based on the negative binomial distribution. 

Journal of Marine Technology & Environment 2 

3. Aly M, Wiltshire S, Chahrour G, Osti JL, Vidal S (2007) Complex genetic control of host 

susceptibility to coxsackievirus B3-induced myocarditis. Genes & Immunity 8 (3):193-204 

  



3 

 

Supplementary Table 1. Primers for quantitative RT-PCR 

Gene Forward (5’→3’) Reverse (5’→3’) 

VP1 CACTGGGATTCGTAGATGTT GTCAGCATGCGTGTACTTTA 

h_SNCA AAGAGGGTGTTCTCTATGTAGGC GCTCCTCCAACATTTGTCACTT 

m_SNCA CATGGAGTGACAACAGTGGC TCCTCACCCTTGCCCATCT 

h_GAPDH GAAGGACTCATGACCACAGT GTAGAGGCAGGGATGATGT 

m_GAPDH GTCGGTGTGAACGGATTTGG ACTGTGCCGTTGAATTTGCC 

h human, m mouse, VP1 viral protein 1, SNCA synuclein alpha, GAPDH glyceraldehyde 3-

phosphate dehydrogenase 
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Supplementary Figure 1. α-Syn expression between control and CVB3 infected mouse, old 

control and PD patients. a The gene expression omnibus (GEO) database analysis of the 

relative level of α-syn between control (n=3) and CVB3 infected (intraperitoneal (IP) injection 

of 400 PFU) mice (n=3) heart at day 4 posetinfection (PI) in 4 types of mice strains by array 

expression profiling (GSE19496). Differential gene expression (DEG) was analyzed using the 

limma package with R. The p value of each analysis was as follows. A/J strain (9.20E-07), 

B10.A-H2a Strain (7.54E-06), B6.Chr 3A/J strain (3.47E-05), CSS3 strain (6.66E-09). b The 

relative level of α-syn between postmortem brain of normal (n=9) and Parkinson disease 

patients (n=16) by array expression profiling (GSE7621). DEG was analyzed using the limma 

package with R. p value = 0.002  

 

Supplementary figure 2. Elevated level of α-syn increases autophagy flux. a Volcano plots 

for DEG between control and α-syn increased environment. (The GEO database of 

overexpression of human α-syn using a lentiviral vector in mouse midbrain neurons 

(GSE70368), induced pluripotent stem cells (iPSC) of α-syn (SNCA) triplicated family 

(GSE30792) and the mouse striatum tissue of human α-syn transgenic (TG) mice (GSE116010) 

were analyzed.) The light and dark gray dots indicate genes that changed insignificantly and 

significantly. The red dots represent the up-regulated genes and the blue dots represent down-

regulated genes. Expression profiling of GSE70368 and GSE116010 were analyzed using the 

Deseq2 package and GSE30792 was analyzed using the Limma package with R. b GO plot for 

“positive regulation of macroautophagy" (GO:0016239), "autophagosome maturation" 

(GO:0097352) and "lysosome organization" (GO:0007040) in gene ontology (GO) analysis of 

GSE70368, GSE30792 and GSE116010 which were higher than controls in each set. 
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Supplementary figure 3. CVB3 induced cytotoxicity in mouse brains. Immunohistochemistry 

(IHC) of control and CVB3 infected mice brain at day 28 PI (IP injection of 1.0 x 106 PFU of 

CVB3). The localization of cleaved caspase3 (c-caspase3) positive cells on IHC mark with 

white arrow. Scale bar indicates 10 μm. Blue indicates 4′,6-diamidino-2-phenylindole (DAPI).  

 

Supplementary figure 4. Tissue injury and replication of CVB3 in WT and α-syn TG mouse 

hearts. a Evans blue IHC image and intensity analysis of control (n=3), CVB3 infected WT 

(n=4)  and α-syn TG mice (n=6) heart at day 7 dates PI (IP injection of 1.0 x 106 PFU of 

CVB3). Images are representative of independent experiments. Scale bar indicates 500 μm. 

one-way ANOVA test with Tukey's multiple comparisons test. b The relative level of VP1 

between WT (n = 4) and α-syn TG (n = 7) mice heart at day 7 PI which were infected by IP 

injection of 1.0 x 106 PFU of CVB3. unpaired t-test. 










