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Outline and Key Points:
• Evidence for immunity in idiopathic PD:

• Activation of brain microglia
• Increased serum cytokines and chemokines
• Retrospective data suggest disease-modifying effects of anti-inflammatory drugs

• Evidence for genetic risk and inflammation:
• Multiple monogenetic causes and risk loci for PD and 

• Functional activities or expression tied to neuroinflammatory pathways

• Key risk factor identified directly involved in immunity: HLA
• Blood T cells responding to specific alpha-synuclein epitopes

• Infiltration of T cells into the CNS

• Evidence for inflammation in alpha-synuclein animal models of PD
• Role for innate and adaptive immunity in driving disease progression?



Microglial Activation in Parkinson’s Disease

• Microglial activation is a constant feature of PD
• Consistently shown in animal models

• Correlated with the degree of α-synuclein accumulation
• α-synuclein in Lewy bodies is the pathological hallmark of PD

McGeer and McGeer, Mov Disorders, 2008
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Inflammatory Markers in Sporadic PD

• Increased IL-6, tumor necrosis 
factor, IL-1β, IL-2, IL-10, C-reactive 
protein, and RANTES

• Altered Treg/Teff ratios

• Monocyte activation

JAMA Neurol. 2016;73(11):1316-1324. doi:10.1001/jamaneurol.2016.2742



Do Anti-inflammatory Drugs reduce risk of PD?

Gagne JJ , Power MC Neurology 2010;74:995-1002
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Genetic Risk and Parkinson’s Disease

Van der Brug et al. 2015
Nature Genetics 49, 1511–1516 (2017)



Immunogenetics of Parkinson’s disease

Jimenez-Ferrer et al. 2018



Hamza et al. Nature Genetics 2010

Genetics of Inflammation in Parkinson’s Disease

McGeer et al. Neurology 1988



HLA and Parkinson’s disease risk

Wissemann et al. 2013 Hamza et al. Nature Genetics 2010



T Cells in Human Parkinson’s Disease

• CD4+ and CD8+ T cells are found 
in postmortem PD brain

• Present near vessels and 
melanized neurons

Brochard et al., J Clin Invest. 2009 119(1): 182–192.

CD8 CD4



• Specific epitopes synuclein 
epitopes drive both cytotoxic 
and helper T cells from PD 
patients
• Reactivity associated with regions 

for pSer129

Nature 546, 656–661 (29 June 2017)

T Cells in Human Parkinson’s Disease



T cells are responsive to alpha-synuclein peptides

Sulzer et al. 2017
Jimenez-Ferrer et al. 2018
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How does α-synuclein induce immune activation?

Innate: α-Synuclein activates 
microglia directly through NFkB
and other intracellular pathways 

Adaptive: α-Synuclein induces 
MHCII antigen presentation, 
activation through T cell 
interactions

Vehicle α-syn

CD11b, LB509



α-syn fibrils promote microglial antigen processing and presentation

Harms et al. Acta Neuro Comm. 2017



α-syn induces CD4 T cell activation and proliferation

Harms et al. J Neurosci 2013

Interaction is important!



A model for studying α-synuclein overexpression in rodents

• A model of PD produced by viral (AAV) 
transduction with human α-synuclein in mice

• Produces slow (6 months) dopaminergic 
degeneration

St Martin et al., J. Neurochem 2007



α-synuclein activates innate and adaptive immunity

α-synuclein overexpression leads to:

• Cytokine production

• Monocyte infiltration

• Microglial activation (MHCII+)

• Lymphocyte infiltration (T cells) 

• IgG deposition

• Dopamine neurodegeneration



α-synuclein increases MHCII expression in vivo 

Harms et al., J. Neurosci 2013



α-synuclein increases MHCII expression in vivo 

Williams et al. 2021, Brain



MHCII is required for α-synuclein-induced neurodegeneration 

Harms et al., J. Neurosci 2013
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CIITA is essential for α-synuclein-induced MHCII expression and 
neurodegeneration 

Williams et al. J Neuroinflammation, 2018
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•In antigen presenting cells, MHCII expression is 
controlled by the transcriptional co-activator CIITA
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MHCII Targeting Strategies?

Would peripheral targeting strategies work?



Adaptive Immunity: α-synuclein expression initiates T cell entry

Williams et al. 2021, Brain



Adaptive Immunity: α-synuclein expression initiates T cell entry

Williams et al. 2021, Brain



Adaptive Immunity: T cell activity in the CNS

Filiano et al. Nature Neuroscience, 2017

Crucial things:
 T cells interact with 

myeloid cells and mediate 
their activity via cytokines

 Cytokines can directly 
affect neurons

 IFNgamma producing CD4 
T Cells are bad 



α-synuclein-elicited T cells produce IFNgamma

AAV2-GFP or AAV2-SYN

WT 4wk

Williams et al. 2021, Brain



Deletion of T cells attenuates α-synuclein-mediated 
neuroinflammation 

Williams et al. 2021, Brain



Blocking CNS entry of T cells attenuates α-syn-mediated 
neuroinflammation 

Williams et al. 2021, Brain



CD8 knockout does not attenuate α-synuclein-mediated 
neuroinflammation 

Williams et al. 2021, Brain



CD4 T cells are required for α-synuclein-mediated neuroinflammation 



CD4 T cells are required for α-synuclein-mediated neurodegeneration 



Overall Conclusions

• Strong evidence for immune 
dysregulation in the CNS and periphery 
in human Parkinson disease
• Evidence of innate and adaptive 

involvement in animal models

• α-synuclein-mediated inflammation and 
neurodegeneration is mediated by 
MHCII antigen presentation to CD4 T 
cells
• Interaction between antigen 

presenting cells and CD4 T cells is 
required!

• Strategies blocking MHCII induction or 
interaction with CD4 T cells are 
protective against α-synuclein mediated 
inflammation, peripheral immune cell 
infiltration, and neurodegeneration


