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multiple neurodegenerative proteinopathies

‘mixed
pathology’

or

neurodegenerative pathologies and another type of
pathology (e.g.,cerebrovascular disease)
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Acta Neuropathol (2013) 126:365-384

- The possible number of
combinations is very high

Non-Alzheimer neurodegenerative pathologies and their
combinations are more frequent than commonly believed
in the elderly brain: a community-based autopsy series

Gabor G. Kovacs ‘- Ivan Milenkovic - Adelheid Wéhrer - Romana Héftberger - Ellen Gelpi -
Christine Haberler - Selma Honigschnabl - Angelika Reiner-Concin - Harald Heinzl -
Susanne Jungwirth - Wolfgang Krampla - Peter Fischer - Herbert Budka
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« The more advanced the Alzheimer's disease pathology is, the more
chance that there are further neurodegenerative pathologies in the brain




These studies used immunostainings also. ..

Table 1 Overview of the community-based studies
discussed in the present review

Study Country
Rush Memory and Aging Project USA
Religious Orders Study USA
Medical Research Council Cognitive Function and Ageing Study UK
Cambridge City Over-75 s Cohort UK
Vantaa 85+ Finland
Hisayama Japan
Honolulu—Asia Aging Study USA
Adult Changes in Thought USA
Baltimore Longitudinal Study of Ageing USA
Oregon Brain Aging Study USA
90+ Study USA
Vienna Trans-Danube Aging study Austria
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OVERLAPPING PROTEINCPATHIES: BRIEF OVERVIEW OF THE LITERATURE

= Studies use different methodologies

Table 2 Summary of methodological approaches used in the community-based neuropathological studies summarized
in this review

Study n Neuropathological criteria AB Tau a-Syn Ubi/p62 TDP-43 Vascular HS
pathologies
BB C NR NA DLB/Br

MAP [27,30-33] 425 + + + 49 + + + + T
ROS [27,30,32-35] 539+ + 4+ + + + + +P + +
MRC CFAS [21,36-39] 525 + + +3¢ + + + + + +
CC75C + [40] 24 4+ - + - + - - + +
Vantaa 85 + 9 [41-43] 304 + + +2 + + + + + +
Hisayama [44,45] 205 + + +© + + + +

HAAS [46-48] 439 + + +€ + + + +
ACT [49,50] 438 4+ + + -+ + + +
BALS [51,52] 209 + + +€ + +

OBASY [53,54] 125+ + + +¢ + + + +
90+ Study® [55] 108+ + +¢ + + + + + v
VITA [5] 233 + + + + +¢ + + + + + + +

AB, amyloid beta; ACT, Adult Changes in Thought; a-Syn, a-synuclein; BALS, Baltimore Longitudinal Study of Ageing; BB, Braak and Braak staging for Alzheimer’s

disease; Br, Braak; C, Consortium to Establish a Registry for AD criteria; CC75C, Cambridge City Over-75 s Cohort; DLB, McKeith criteria for dementia with Lewy

bodies; HAAS, Honolulu-Asia Aging Study; HS, hippocampal sclerosis; MAP, Rush Memory and Aging Project; MRC CFAS, Medical Research Council Cognitive

Function and Ageing Study; n, number of individuals included in the studies; NA, National Institute on Aging-Alzheimer’s Association criteria; NR, National Institute

on Aging-Reagan criteria; OBAS, Oregon Brain Aging Study; ROS, Religious Orders Study; TDP-43,Tar-DNA binding protein 43; Ubi, ubiquitin; VITA, Vienna Trans-Danube

Aging study. “DLB criteria 1996. PNot assessed in all participants. “Braak staging for Parkinson’s disease. “Age of autopsied cohort >90 years. °DLB criteria 2005. @



Rahimi and Kovacs Alzheimer's Research & Therapy 2014, 6:82 -
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Prevalence of mixed pathologies in the
aging brain

Jasmin Rahimi and Gabor G Kovacs”

Table 3 Frequency of different neuropathological variables in community-based studies

Study Alzheimer’s disease-related pathologies  a-Syn TDP-43 HS Vascular Mixed
pathologies pathology

Braak Ill to VI CERAD NIA

MAP [27,30] 59% (195)  15% (195) 13% (100) 46%7 (195)  23% (195)
ROS [27,30,35] 61% (386)  21% (386) 46% (130) 13% (100) 49%* (386)  28% (386)
MRC CFAS [2137]  52% (456) 46% (456) 39% (29% amygdala) (208) 70%" (456)

CC75C [40] 39%C (213) 28% (213) 15% (213) 56% (213)

Vantaa 85+ [41-43]  70% (304) 66% (180)  41%° (180)  36% (304) 5% (132)  55%° (132)  40% (132)
Hisayama' [44,45] 62% (205)  29% (205) 31% (29) 10%9 (29)
HAAS [48] 19%" (363)  10%' (363) 9%" (363)  28%7 (363)  39.5% (363)
ACT [49] 62% (438) 47% (438) 14% (438) 35% (438)

BALS [51,52] 56% (209) 6% (34) 44%2 (179)

OBAS [53] 62% (71) 44% (71) 20% (71) 7% (71)  46%% (71)

90+ Study [55] 67% (108) 6% (108) 31% (108)  29%' (66) 19%" (108)

VITA [5] 38% (233) 35% (233) 25% (17.2% amygdala) (233)  13% (233) 3% (233) 49%' (233) 74% (233) @
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NOT ONLY FOR SPORADIC DISEASE...

#ioy) Are comorbidities compatible with a molecular
pathological classification of neurodegenerative

diseases?

Gabor G. Kovacs

Table 1. Overview of combined proteinopathies associated with representative genetic disorders

Gene

Major
protein

APP
PSENT
PSEN2
PRNP
TARDBP
GRN
Corf72
MAPT
HTT
LRRK2
SNCA

AB

AB

AB

Prion protein
TDP-43
TDP-43
TDP-43 /DPR
Tau
Huntingtin
aSyn

aSyn

Tau a-Syn TDP-43 AB
NFTs/ Only Lewy MSA/ Only NCI/ Only Only
ARTAG PART AGD PSP CBD GGT Pick other biochemical body GCI biochemical NNI biochemical Plaques biochemical
— — - — - -~ — - - - —
- - + - + - - + —~ + —
- - + - + - - + - - -
+ + + —~ + —~ —~ —~ —~ + —~
- — - — - — - — — —
- -+ + - + - - + - - -
+ + ° + - + - - + - + -
- - - - - - - + - - -
+ + - - — - - - - - -
— + - — - + — - — - —
- + + - + - - + - - -




PATHOGENESIS

. Ageing as a risk factor

. Direct and synergistic interactions (1.e., cross-seeding)
of proteins

. A pathogenic event is capable inducing aggregation
of different proteins, which suggests common pathways

. As a provocative concept, combined proteinopathies
might represent distinct “strain-like‘ features
©



For cross-seeding it is important that protein pathologies

overlap (can meet!) in brain regions....

Alzheimer disease: tau

Alzheimer disease: amyload-f
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The Amygdala as a Locus of Pathologic Misfolding in
Neurodegenerative Diseases
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BRAIN COMMUNICATIONS 2024, fcael41 | |
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BIOMARKER relevance
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differences:
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TAKE HOME MESSAGE

= Mixed pathology and Multimorbidity in individuals affected by neurodegenerative
conditions is frequent (due to age) and includes systemic conditions with different
pathogenesis than neurodegenerative diseases

= The most frequent additional proteinopathies are related to Alzheimer disease, Lewy
body pathology, and limbic predominant TDP-43 proteinopathy

= The concept of comorbid proteinopathies has implications for biomarker and
therapeutic development

= Ageing, synergistic interaction of proteins, common disease pathways and the influence
of genetic variations are possible pathogenic players for comorbidity

= Concept of ,,Jowering the threshold* for dementia @



« Dr. Bernardino Ghetti

Hereditary PrP Amyloidoses: Intersections and Overlaps

= Dr. Rodrigo Morales

Cross-seeding of misfolded proteins: potential
implications in disease
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