
Profiling tau seeds in aging and 
across mixed proteinopathies in 

neurodegenerative diseases

Allison Kraus, PhD
Associate Professor, Department of Pathology
Associate Director, National Prion Disease Pathology Surveillance Center
Case Western Reserve University School of Medicine



Amyloids Protein based templated 
propagation (seeding)

Structural basis of disease

Characteristic 3D architectures

Can assemble into large 
multimeric deposits
(amyloid plaque, NFTs)

Auxiliary associated 
(co)factors

Harbor characteristic post-
translational modifications

Can co-occur proximal to 
other amyloids



Tau -Syn Prion 
(infectious mammalian)

A structural basis for neurodegenerative diseases

AD (3R/4R) 

PSP(4R) CBD (4R)
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aRMLIllustrations from Amyloid Atlas

References: Fitzpatrick et al. 2017; Shi et al 2022; Zhang et al 2020; Schweighhauser et al 2020; Kraus et al. 2021; Hoyt et al. 2022



The amyloid spectrum in health and disease

Functional amyloids
Transmissible,
Pathogenic amyloids

Prions

Infectious misfolded proteins

Tau filaments of AD
Bacterial biofilms

Innate immune signaling

Orb2

263K 

Hervas, Si et al., Science 2020 Fitzpatrick, Goedert, Scheres et al., Nature 2017 Kraus, Caughey et al. Mol Cell 2021



The amyloid spectrum in health and disease

How do co-occurring protein seed pathologies correspond with 
and/or contribute to neuropathological and clinical 

outcomes??

AD (3R/4R) tau
-syn

A4R tau 



Evaluating seeding activities using real-time quaking-
induced conversion (RT-QuIC)

Adapted from: Manca, M. & Kraus, A. Defining the Protein Seeds of Neurodegeneration using 
Real-Time Quaking-Induced Conversion Assays. Biomolecules 10, 1233 (2020).

Endpoint dilution analysis 
to calculate seeding doses



Braak et al., J Neuropathol Exp Neurol. 
2011

Evaluating 3R/4R, 4R tau and -synuclein seeds in the 
frontal lobe in AD and non-AD cases across different Braak 
stages

Graphics with Biorender.com
David Coughlin, Annie Hiniker, Douglas Galasko

Alzheimer’s disease (n=16)

Lewy body disease (DLB) (n=13)

Lewy body disease (PD) (n=8)

Multiple System Atrophy (n=6)

Corticobasal degeneration (n=6)

Progressive supranuclear palsy (n=6)

Controls (Braak 0-II) (n=12)



3R/4R tau seeding activities are prevalent in LBD and other 
neurodegenerative diseases and correspond with overall Braak stage

Manca, Standke et al., Acta Neuropathologica 2023



3R/4R tau seeding activities correspond with overall AD neuropathologic change 

Manca, Standke et al., Acta Neuropathologica 2023



Tau seeds that occur at both early and late stages of accumulation are largely protease 
resistant and sarkosyl insoluble

Seeding activity of 
sarkosyl insoluble 

extracts

Manca, Standke et al., Acta Neuropathologica 2023



The amyloid spectrum in health and disease

Where do distinct protein seeds (tau, -syn) and protein seed networks 
intersect?

How does this relate to neuropathology and disease? 

Features of seeds found at prodromal stages?

Clinical outcome?



Isoform-selective tau seeding assays to define neuroanatomic 
distribution of AD versus PSP tau seeds

Coughlin et al., Acta Neuropathol 2022



AD (3R/4R) 

PSP(4R) 

LBD fold

Manca, Standke et al., Acta 
Neuropath 2023 and unpublished
David Coughlin, Annie Hiniker, 
Douglas Galasko

RT-QuIC supports highly sensitive and selective detection of co-occurring -
synuclein and tau seeds & strains in the brain



Tau and -synuclein seeding activities precede overt neuropathology, 
and prevalently co-occur across neurodegenerative diseases

Zamore et al., Manuscript in preparation
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Tau: A structural basis for disease

Shi, Y. et al. Structure-based classification of tauopathies. 

Nature 598, 359–363 (2021).

Shi, Y. et al. Structure-based classification of tauopathies. 

Nature 598, 359–363 (2021).



ADPART

✓ Significant amyloid-β 

pathology.

✓ Progression of tau 

pathology to the 

neocortex.

✓ APOE ε4 strongest 

risk allele.

✓ Severe cognitive 

impairment.

✓ NO significant amyloid-β 

pathology.

✓ Neuroanatomical 

limitation to the medial 

temporal lobe.

✓ NO APOE ε4 

association.

✓ Mild, if any cognitive     

impairment.

✓ Braak Staging

Crary, J. F. et al. Primary age-related tauopathy (PART): a 

common pathology associated with human aging. Acta 

Neuropathol 128, 755–766 (2014).

Understanding heterogeneity in core-sharing 
tauopathies: PART and AD



Methods Used

Cognition

IHC
% Area Occupied

PTMs

Seeding Activity

Longitudinal 
Clinical Exams

Neuropathology
Digital Histology

Immunoblotting

Selective tau seed 
amplification (RT-QuIC)

Created with BioRender.com



Brain region specific 3R/4R tau seeding activities differentiate 
ADNC and PART

Browne, D. F., Smirnov, D. et al. Distinct Cortical Tau 

Modifications and Seeding Activity Differentiate Primary Age-

Related Tauopathy from Alzheimer’s Disease. (2024) (in 

preparation)

Browne, Smirnov, et al., Under review



Tau seeding activity correlates with global and region-specific cognition and 
longitudinal decline 

Browne, Smirnov, et al., Under review



Biochemically distinct cortical tau species 
differentiate ADNC and PART

Browne, D. F., Smirnov, D. et al. Distinct Cortical Tau 

Modifications and Seeding Activity Differentiate Primary Age-

Related Tauopathy from Alzheimer’s Disease. (2024) (in 

preparation)

Browne, Smirnov, et al., Under review



Distinct midfrontal tau PTMs mark highest-
seeding ADNC cases

Browne, D. F., Smirnov, D. et al. Distinct Cortical Tau 

Modifications and Seeding Activity Differentiate Primary Age-

Related Tauopathy from Alzheimer’s Disease. (2024) (in 

preparation)

Browne, Smirnov, et al., Under review



Browne, Smirnov, et al., Under review

Distinct midfrontal tau PTMs mark highest-
seeding ADNC cases



Health Aging Disease??

Created using BioRender.com Biorender.com



The amyloid spectrum in health and disease

• 3R/4R tau seeds occur broadly across neurodegenerative diseases, including in LBD

• Prevalent protein seed co-occurrence (3R/4R, 4R tau and -synuclein) is observed in both primary 
synucleinopathy and tau-based diseases

• -synuclein and tau seeding activities are observed at 100% prevalence in Lewy body disease cases 
examined, and differ from the prevalence of seed co-occurrence and levels thereof in ADNC, PART or 
4R tauopathies

• Tau PTMs and seeding activities differ between PART and ADNC; evidence that the biochemical 
complexity of seeding proteoforms differs in distinct clinicopathologically relevant microenvironments

Implications for mechanisms of disease, biomarker development?
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