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Pathology of α-synuclein for PD progression

(Poewe W et al., 2017)
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Clinical symptoms associated with Parkinson’s Disease



Brain vascular dysfunction associated with α-synuclein

Altered CBF, BBB, 
angiogenesis

(Ouellette J et al., 2021)



(Jeong JY et. al., 2023, Sci Reports)
(Jeong JY & Kim N et. al., 
2025, npj Parkinson’s Disease)



Two distinct histological findings regarding cerebrovascular 
formation in PD
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SNCAA53T mouse (M83 line) model 

SNCAA53T (M83 line) mouse

• The targeting vector design 
for A53T transgenic mouse

• Onset of motor phenotype
in M83 homozygous mice 
(n=40)

(Giasson BI et al., 2002, Neuron)

• SNCAA53T mouse model show increased 
• Lewy bodies from 9-month old• Familial mutant A53T point mutation



• Label blood vessels with tomato-lectin-488 and clearing by using ECi methods
• 3-month-old homozygous (TG) and age-matched control (WT)

M83 PD mouse model shows reduced cerebrovascular patterning
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(Jeong JY et. al., 2023, Sci Reports)



• Label blood vessels with tomato-lectin-488 and clearing by using ECi methods
• 3-month-old homozygous (TG) and age-matched control (WT)

M83 PD mouse model shows reduced cerebrovascular patterning



The reduced cerebrovascular network in PD model is not caused 
by developmental retardation or vascular damage
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Young M83 PD mice show normal blood-brain barrier formation 
and function

1 kDa

10 kDa



Young PD mouse model shows increased levels of 
phosphorylated and aggregated form of α-syn

*Formic acid



The pathological form of human α-synuclein does not directly 
contact with blood vessels

CD31, endothelial cell marker

• 3-month-old homozygous (TG) and age-matched control (WT)



Overexpressed human α-synuclein does not induce abnormal 
inflammatory responses in young PD mice



Vigorous brain endothelial proliferation from embryonic 
to early post-natal period 

(Biswas S et al., 2020)
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Neonatal M83 PD pups express high levels of human α-synuclein 
expression and its phosphorylated form 
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Reduced proliferation rate of brain endothelial cell 
in neonatal stage of PD model

ERG, ETS-related gene, a transcription factor in endothelial cells
BrdU, bromodeoxyuridine

P10 



Do vascular abnormalities in young PD mice 
correlate with reduced neuronal activation?



Neural activity regulates cerebrovascular angiogenesis 
during a postnatal critical period



PD neonates show the reduction of neural activity 



The activation of neocortical neurons involved in sensory 
processing is downregulated in the young PD mouse (P10)

Dr. Rah JC Lab (KBRI)



Signaling Mediator

(Hrvatin S et al., 2018) (Pulido RS et al., 2020)

Up-regulated 
genes

Down-regulated
genes

Ptprb Myof

Egfl7 Phactr1 

Clic4

Ddah1

Adgrl4

Flna

Thbs1

Apold1

Potential angiogenic candidates in brain endothelial cells 
in response to neuronal activation



• Isolated P10 capillary endothelial cells from somatosensory cortex

No significant changes in the anticipated EC gene expression patterns 
at P10 due to the strong developmental variations



• Isolated P30 capillary endothelial cells from somatosensory cortex

Ptprb (VE-PTP)

• Vascular endothelial protein tyrosine phosphatase
• Control vascular development and barrier function by regulating junctional proteins and 

signaling receptors

More apparent changes in the anticipated EC gene expression patterns 
at 1 month of age



Summary and Clinical relevance

• Familial PD mouse model (M83) shows underdeveloped cerebrovascular network

• Toxic α-synuclein is predominantly found in neurons and has been shown to reduce neuronal 

activity in the early stage of PD

• Downregulation of neuronal activity can reduce angiogenic potential through changes in 

activity-dependent genes of endothelial cells



New findings regarding cerebrovascular formation in PD
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Multi-organ distribution of α-synuclein including blood RBC

(Beach TG W et al., 2011)
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Bi-directional movements of α-synuclein 
between blood and brain

Blood to Brain Brain to Blood
(Peelaerts W et al., 2015) (Sui YT et al., 2014)



(Sweeney MD et al., 2019)

PD progression via abnormal function of α-synuclein in the 
neurovascular system



Current PD model systems

(Przedborski S W et al., 2003)

Genetic modelToxic-induced model

• Chemical ablation of 
dopaminergic neuron

• Recapitulate a sporadic PD

• Trigger motor defects

(Breger LS et al., 2018)

• Does not induce the LB 
formation



Secretable α-synuclein by attaching signal peptide



Generation of secretable human α-synuclein mouse model
(hSNCAse) to increase blood α-synuclein level via liver

1 2
1kb

CAG-P pAWPREAlb-SP-hSNCA1

5’ homologous arm 3’ homologous arm

Wild type ROSA26 allele

Targeting vector

CRISPR/Cas9

Modified Human Albumin
Signal Peptide

Human alpha-synuclein

Breeding scheme

Liver

Blood

hSNCAse Mouse targeting scheme

(Jeong JY & Kim N et. al., 2025, npj Parkinson’s Disease)



Grip strength assay Wire hanging test
Open field test

Vehicle Tamoxifen 

Elevation of human α-synuclein in blood does not induce behavioral defects



Elevated levels of human α-synuclein in the blood do not cause 
pathological aggregation of α-synuclein or its entry into the brain



Rapid elimination of plasma α-synuclein via kidney
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What factors prevent hSNCAse mice from exhibiting 
pathological symptoms?

in vitro aggregation study (Afitska K. et al., 2019)

- Critical concentration of α-synuclein fibril growth is ~0.4 µM in the presence of seeds

- Without seeds, fibrils are formed only at monomer concentrations higher than 10 µM
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Prefibrillar form of α-synuclein 

(Thioflavin T test)



Intravenous administration of α-synuclein PFF showed 
no detectable aggregation

(Thioflavin T test)



What factors prevent hSNCAse mice from exhibiting 
pathological symptoms?

Some extracellular proteins interact with α-synuclein 
to prevent its pathological aggregation and toxicity

Molecular Neurodegeneration (2023)Cell Reports (2018)



Apolipoprotein A1 dramatically suppressed α-synuclein aggregation

A2M: α2-macroglobulin

ApoA1: apolipoprotein A1



Summary

• A recent meta-analysis of 32 published article examining blood α-synuclein levels

in PD patients revealed a significant increase in total α-synuclein levels in PD                 

patients (Zubelzu, M. et. al., 2022, Park. Relat. Disord)

 Elevated levels of α-synuclein exclusively in the blood do not seem to induce PD

pathology under healthy conditions

• Both monomeric and oligomeric forms of α-synuclein can be released in the extracellular 

space through unconventional exocytosis (Lee, H.-J. et. al., 2005, J. Neurosci.; Wu, S. et. al., 2023, eLife)

 hSNCAse mouse model could be a good system to investigate the pathological 

mechanism of extracelluar α-synuclein



In a groundbreaking study that challenges long-standing assumptions in neurodegenerative 
research, scientists have unveiled compelling evidence indicating that elevated levels of alpha-
synuclein protein in the plasma are not a requisite factor for the development or progression of 

Parkinson’s disease pathology. This revelation, published in the prestigious npj Parkinson’s Disease 
journal, marks a significant departure from decades of prevailing thought that positioned alpha-

synuclein accumulation as a central driver and biomarker of Parkinson’s disease (........)

The study’s findings underscore an evolving paradigm in Parkinson’s disease research where the 
pathophysiological landscape is perceived with greater sophistication, recognizing the limitations of 
oversimplified biomarkers. They stimulate a broader conversation about the reliability of peripheral 

fluid markers in reflecting brain-specific disease processes across neurodegenerative diseases, 
inviting comparative studies and cross-disease insights (........)

Ultimately, this study charts a new course for future investigations aiming to identify truly 
representative biomarkers and develop precision therapies. By challenging entrenched dogma, it 

empowers researchers to think beyond conventional frameworks and embrace new scientific 
horizons that promise better diagnostic and therapeutic outcomes for patients afflicted by 

Parkinson’s disease (........)

Scienmag, Aug 4th, 2025
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Generation of secretable human α-synuclein mouse model
(hSNCAse)

(Jeong JY & Kim N et. al., 2025, npj Parkinson’s Disease)



Rapid degradation of endocytosed α-synuclein in brain ECs

*Chloroquine: Lysosomal inhibitor



No significant activation of immune cells in the secreted α-Syn model

B cell

T cell

Monocyte

By Doo-Jin Kim, PhD, Chungbuk Nat. Univ.
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(Poewe W et al., 2017)

Hypothetical model of Alzheimer’s disease (AD) 
biomarker changes

(Sweeney MD et al., 2018)

Clinical symptoms associated with PD

Possibility of vascular dysfunction as an etiologic factor 
for early onset of PD
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