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multiple neurodegenerative proteinopathies 

or 

neurodegenerative pathologies and another type of 

pathology (e.g.,cerebrovascular disease)

‘mixed 

pathology’
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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
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novel forms), TDP-43 proteinopathy (13.3 %), vascular 

lesions (48.9 %), and others (15.1 %; inflammation, meta-

bolic encephalopathy, and tumours). TDP-43 proteinopa-

thy correlated with hippocampal sclerosis (p < 0.001) and 

Alzheimer-related pathology (CERAD score and Braak 

and Braak stages, p =  0.001). The presence of one specific 

variable (cerebral amyloid angiopathy, Aβ parenchymal 

deposits, TDP-43 proteinopathy, α-synucleinopathy, vascu-

lar lesions, non-Alzheimer type tauopathy) did not increase 

the probability of the co-occurrence of others (p =  0.24). 

The number of observed pathologies correlated with AD-

neuropathologic change (p < 0.0001). In addition to AD-

neuropathologic change, tauopathies associated well with 

dementia, while TDP-43 pathology and α-synucleinopathy 

showed strong effects but lost significance when evaluated 

together with AD-neuropathologic change. Non-AD neuro-

degenerative pathologies and their combinations have been 

underestimated, but are frequent in reality as demonstrated 

Abstract Neurodegenerative diseases are characterised 

by neuronal loss and cerebral deposition of proteins with 

altered physicochemical properties. The major proteins are 

amyloid-β (Aβ), tau, α-synuclein, and TDP-43. Although 

neuropathological studies on elderly individuals have 

emphasised the importance of mixed pathologies, there 

have been few observations on the full spectrum of pro-

teinopathies in the ageing brain. During a community-based 

study we performed comprehensive mapping of neurode-

generation-related proteins and vascular pathology in the 

brains of 233 individuals (age at death 77–87; 73 examined 

clinically in detail). While all brains (from individuals with 

and without dementia) showed some degree of neurofibril-

lary degeneration, Aβ deposits were observed only in 160 

(68.7 %). Further pathologies included α-synucleinopathies 

(24.9 %), non-Alzheimer tauopathies (23.2 %; including 
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These studies used immunostainings also…



OVERLAPPING PROTEINOPATHIES: BRIEF OVERVIEW OF THE LITERATURE

▪Studies use different methodologies
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NOT ONLY FOR SPORADIC DISEASE…
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PATHOGENESIS
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1. Ageing as a risk factor

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

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

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



AMYGDALA AS HOTSPOT
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For cross-seeding it is important that protein pathologies 

overlap (can meet!) in brain regions….

Neurodegenerative diseases are a major cause of dis-

ability and premature death among older people world-

wide1–3. Although these diseases, for which there are 

currently no disease-modifying therapies, show a great 

diversity of clinical phenotypes, they share a common 

pathological hallmark — the accumulation of charac-

teristic proteins into insoluble aggregates in or among 

selectively vulnerable neurons and glial cells.

Aggregates of the phosphorylated microtubule-

associated protein tau in neurofibrillary tangles and 

neuropil threads, together with deposits of amyloid-β 

(Aβ), are characteristic of sporadic Alzheimer disease 

(AD). Tau pathology alone also characterizes a subgroup 

of cases of frontotemporal lobar degeneration (FTLD), 

which is designated as FTLD-tau, as well as other rare 

tauopathies4–7. Moreover, neuronal accumulations of 

α-synuclein in Lewy bodies and Lewy neurites are the 

pathological signatures of sporadic Parkinson disease 

(PD) and PD with dementia, as well as of dementia with 

Lewy bodies8. Furthermore, almost all cases of amyo-

trophic lateral sclerosis (ALS) and a further subgroup 

of cases of FTLD (FTLD-TDP) are characterized by 

aggregates of TAR DNA-binding protein 43 (TDP43)9.

The disease-related proteins are transformed from 

their normal conformation into fibrillar or multimeric 

species that function as seeds and templates to drive 

non-pathological protein counterparts to adopt a simi-

lar structural alteration (BOX 1). In a self-perpetuating 

process that has been likened to that observed in prion 

diseases10, progressive seeded aggregation of confor-

mationally altered proteins spreads to interconnected 

neurons and adjacent glial cells. Based on converging 

lines of evidence from human tissue, cell culture and 

animal model studies11–13, the paradigm of pathological 

protein propagation in neurodegenerative diseases is 

now firmly established.

This Review links experimental evidence of the 

molecular mechanisms of protein propagation in AD 

(involving tau and Aβ), FTLD-tau (involving tau), 

PD (involving α-synuclein), and ALS and FTLD-TDP 

(both of which involve TDP43) to what is known from 

studies in humans regarding vulnerable types of neu-

rons and glial cells and the pathways by which disease-

protein pathology might spread through the CNS. We 

focus on studies of neuropathology but also underline 

the importance of novel protein-specific neuroimaging 

markers that offer the opportunity to validate the pos-

sibility of sequential spreading that has been implicated 

by human pathology studies. Finally, we discuss how 

the unifying pathological principle of protein propa-

gation may offer new disease-modifying therapeutic 

approaches to treating neurodegenerative diseases.

Spreading of pathology in 
neurodegenerative diseases:  
a focus on human studies
Johannes Brettschneider1,2, Kelly Del Tredici2, Virginia M.-Y. Lee1,3  

and John Q. Trojanowski1,3

Abstract | The progression of many neurodegenerative diseases is thought to be driven by 

the template-directed misfolding, seeded aggregation and cell–cell transmission of 

characteristic disease-related proteins, leading to the sequential dissemination of 

pathological protein aggregates. Recent evidence strongly suggests that the anatomical 

connections made by neurons — in addition to the intrinsic characteristics of neurons, such 

as morphology and gene expression profile — determine whether they are vulnerable to 

degeneration in these disorders. Notably, this common pathogenic principle opens up 

opportunities for pursuing novel targets for therapeutic interventions for these 

neurodegenerative disorders. We review recent evidence that supports the notion of 

neuron–neuron protein propagation, with a focus on neuropathological and positron 

emission tomography imaging studies in humans.
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Therapy trial relevance
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BIOMARKER relevance



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 „lowering the threshold“ for dementia 
21



▪Dr. Bernardino Ghetti

Hereditary PrP Amyloidoses: Intersections and Overlaps

▪Dr. Rodrigo Morales

Cross-seeding of misfolded proteins: potential 
implications in disease

22


	Slide 1
	Slide 2:   Current concepts of Mixed pathologies in neurodegenerative diseases 
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13: Overlapping proteinopathies: brief overview of the literature
	Slide 14
	Slide 15
	Slide 16: Not only for sporadic disease…
	Slide 17: Pathogenesis
	Slide 18: Amygdala as hotspot
	Slide 19
	Slide 20
	Slide 21: Take home message
	Slide 22

