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Abstract — Lewy Body Dementia (LBD) is a family of fatal, 
incurable neurodegenerative diseases characterized by aggregation 
of alpha synuclein (SNCA). A current model for neuron death in 
LBD relies on aggregation of SNCA leading to loss of SNCA 
mediated dopamine transporter protein (DAT) inhibition, and 
subsequent lethal dopamine influx [5]. The nature of the SNCA-
DAT interaction and its role in neuron survival, however, has not 
been resolved [1, 6]. Therefore, this study aims to determine the 
effect of SNCA knockdown on neuron survival and intracellular 
dopamine in order to discern the nature of the SNCA-DAT 
interaction, and thereby the accuracy of this model. Neuroblastoma 
cells underwent SNCA knockdown, and viability, intracellular 
dopamine, and gene expression were assessed. It was found that 
SNCA knockdown had a transient yet significant cytotoxic effect 
coinciding with a short-term significant increase in intracellular 
dopamine. After cytotoxicity ceased, upregulation of protein 
phosphatase 2A (PP2A) proteins and protein kinase C iota (PRKCI) 
was observed. SNCA knockdown was also found to increase 
susceptibility of cells to DMSO-induced apoptosis, which may 
explain why Parkinson’s disease, a type of LBD, is associated with 
exposure to toxins [3]. These results suggest that SNCA does inhibit 
DAT, but that PP2A and PRKCI may regulate DAT when SNCA is 
absent, and that therefore lack of SNCA-DAT interaction may not 
be a major contributor to neurodegeneration in LBD. 

I. METHODS 

BE(2)-M17 neuroblastoma cells (ATCC) were employed as a 
model for dopaminergic neurons and were transfected with a GFP 
anti-alpha synuclein (SNCA) shRNA plasmid or a GFP scrambled 
DNA (control) plasmid (both Origene) using Lipofectamine 3000 
(Invitrogen). Transfected cells were maintained in Opti-MEM, 
DMEM/F-12 (regular nutrient medium) or 3% DMSO DMEM/F-12 
(apoptotic stimulus medium) (all Invitrogen). Annexin V-PE 7-AAD 
flow cytometry assay (Beckman Coulter) was used to assess cell 
viability and apoptosis post transfection. A dopamine ELISA 
(Genway) and the GeneChip Human Gene 2.1 ST Array Strip 
(Affymetrix) were used to assess intracellular dopamine and gene 
expression of cells maintained in Opti-MEM post transfection. Isotype 
controls were used to determine gates for flow cytometry; data from 
GFP positive (transfected) cells were thereby isolated for further 
analysis. Significance was determined using a two tailed unpaired 
student’s t-test, p<0.05 was considered significant. Notable changes in 
gene expression were defined as those with fold changes of 
magnitudes greater than 1.8. 

II. RESULTS 

As shown in Fig. 1, SNCA knockdown lead to initial significant 
increases in cell apoptosis and intracellular dopamine, as well as a 
significant decrease in cell viability. These significant differences, 
however, were then lost, and subsequent notable upregulation of 
protein phosphatase 2A (PP2A) proteins and protein kinase C iota 
(PRKCI), proteins known to interact with dopamine transporter 
protein (DAT) [4], was detected. This suggests that SNCA may 
function to inhibit DAT, and PP2A and PRKCI may inhibit DAT 
when SNCA is absent. These roles for PP2A and PRKCI in Lewy 
Body Dementia (LBD) have not previously been discussed. 
Furthermore, these results thereby imply that a current model [5] for 
neuron death in LBD may not be functional, as lack of SNCA does not 
lead to a lasting increase in cell death. 

 

 
Figure 1: The effect of SNCA knockdown on cell viability, apoptosis, and 
intracellular dopamine. Bars represent means. +/- standard error of the mean 
(SEM) is represented with error bars. * corresponds to p<0.05, n=3 samples 
per data point except for day 2 SNCA shRNA, where n=2 for apoptosis and 
viability data. Standard deviation, standard error of the mean, and the 
student’s t-test are statistically valid for populations as low as n=2 [2]. 
 
Fig. 2 shows that cells with SNCA knockdown were significantly 
more susceptible to DMSO induced apoptosis. 

 
Figure 2: The effect of SNCA knockdown on susceptibility to apoptotic 
stimulus. Cells were analyzed 4 days post transfection, 2 days post apoptotic 
stimulus addition. Bars represent means. +/- standard error of the mean 
(SEM) is represented with error bars. * corresponds to p<0.05, ** corresponds 
to p<0.01, n=3 samples per data point. 

 
III. CONCLUSIONS 

 
These results suggest that PP2A and PRKCI may take over DAT 

inhibition when SNCA is absent, and that the model asserting that 
lack of the SNCA-DAT interaction could lead to the 
neurodegeneration seen in LBD [5] may be flawed or incomplete. This 
opens up a new area for research involving LBD, PP2A, and PRCKI, 
as well as emphasizes the need for a functional model of neuron death 
in LBD. Additionally, it was found that SNCA knockdown increased 
susceptibility of neurons to DMSO induced apoptosis, which may 
explain why exposure to certain toxins is associated with instances of 
Parkinson’s disease [3], a type of LBD. 
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