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Session Learning Objectives

• Determine the distribution and severity of Alzheimer’s disease 
neuropathologic change

• Name the major co-morbid neuropathologic changes that are 
associated with dementia

• Describe how to coalesce neuropathologic and other data into a 
comprehensive autopsy report





Neurodegenerative Disease Overview

Disease Lesions Components

Alzheimer’s Disease Senile plaques

Neurofibrillary tangles

Amyloid b

Tau

Amyotrophic Lateral Sclerosis Cytoplasmic inclusions TDP-43

Parkinson’s Disease

Dementia with Lewy Bodies

Lewy bodies a-synuclein

Tauopathies

(i.e. Pick’s Disease, Progressive 

Supranuclear Palsy)

Neuronal and glial inclusions Tau

Frontotemporal Degeneration Cytoplasmic and nuclear 

inclusions

TDP-43/Tau

Multiple System Atrophy Glial cytoplasmic inclusions a-synuclein

Prion Disease Spongiform degeneration

Prion plaques

Prion protein

Trinucleotide Repeat Diseases

(i.e. Huntington’s Disease)

Nuclear and cytoplasmic 

inclusions

Polyglutamine expansion

Chronic Traumatic Encephalopathy Neuronal and glial inclusions Tau



Part I:
Alzheimer’s Disease 

Neuropathologic Change 
(ADNC)



Dementia

Progressive and irreversible syndrome
characterized by cognitive dysfunction 
typically over multiple cognitive domains 
resulting in impairment in activities of daily living. 
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Alzheimer’s Disease
• Auguste Deter

• Severe memory deficits
• Cognitive impairments
• Speech difficulties
• Perceptual abnormalities 

including hallucinations and 
delusions 

• Died on April 8, 1906 (51 
years old) due to 
complications from a 
decubitus ulcer



Genetics of Alzheimer’s Disease

Familial

Cases

Chr1

PS2

Chr14

PS1

Chr21

APP

20%

75% <5%

Early Onset (<10%) Late Onset (>90%)

Chr19

APOE

Other

Others

Chr6

TREM2





Alzheimer’s disease brain

Normal brain



Alzheimer’s Disease, Gross Pathology
Diffuse cerebral atrophy 



Molecular Composition of the Hallmark 

Lesions of Alzheimer’s Disease

• Neurofibrillary tangles

– Intracellular (neurons)

– Contain paired helical filaments comprised of the 

microtubule associated protein tau which is 

abnormally phosphorylated

– Biochemically insoluble

• Amyloid plaques

– Extracellular

– Contain straight fibrils comprised of Ab

• i.e. 39-42 amino acid long peptides which is cleaved 

from the b-amyloid precursor proteins (APPs) 

– Biochemically insoluble



Neurofibrillary tangle



Neurofibrillary tangles Neuritic threads

Immunohistochemical stain for phosphorylated tau



Paired helical filament-Tau

• MAPT (Chr 17q21): normal 

tau protein binds to and 

stabilizes microtubules

• Insoluble

• Mainly found in neuronal 

cell bodies and dendrites

• Aberrantly 

hyperphosphorylated at 

many serine and threonine 

residues

• Pathologic tau is unable to 

bind to microtubules 

unless it is 

dephosphorylated in vitro

Fitzpatrick et al., Nature, 2017
Falcon et al., Acta NP, 2018



Amyloid plaque



Alzheimer’s Disease Plaques

• “Plaques are not made of tau. The 50,000 or so people 
working on the amyloid cascade hypothesis would 
consider this statement highly incompetent. To say that 
Alzheimer saw plaques and tangles where neurons had 
once been is equally incompetent.”



Neuritic plaques



Alzheimer’s Disease
Amyloid Plaques

• Extracellular 

deposition  of 

aggregated 

straight fibrils

• Comprised of 39-

42 amino acid 

long Ab peptides 

cleaved from 

amyloid 

precursor 

protein (APP)



Alzheimer’s Disease
Diverse Morphology of Amyloid Plaques

Thioflavin



Neuroimaging: Amyloid PET



Thank you!
j/k



Part II:
NIA-AA Alzheimer’s Disease 

Neuropathology Criteria



NIA-Reagan Criteria (1997)

CERAD (1991)

Khachaturian Criteria (1984)



NIA-AA Criteria: Conceptual Change

• Prior NIA-Reagan criteria resulted in a probability statement about 
how likely the observed neuropathologic change was associated with 
clinical AD (low, intermediate, high probability)

• Current NIA-AA criteria reports the amount of AD neuropathologic
change (ADNC) irrespective of clinical data (low, intermediate high 
level of ADNC)

• Presence of atherosclerosis defines cardiovascular disease, does not 
require symptoms such as angina, myocardial infarction

• Presence of ADNC defines Alzheimer’s disease irrespective of clinical 
syndrome



“ABC” Score



Braak Stages of Neurofibrillary Degeneration



Braak Stages of Neurofibrillary Degeneration



Braak Stages of Neurofibrillary Degeneration

Spreading of pathology in neurodegenerative diseases: a focus on human studies. 
Johannes Brettschneider, Kelly Del Tredici, Virginia M.-Y. Lee & John Q. Trojanowski. 
Nature Reviews Neuroscience 16, 109–120 (2015)



Braak Staging



Trojanowski and Lee, 2001

Gibbons et al., 2019

Biochemical Classification of Tauopathies



A: Thal Phase (Amyloid)

A1

A3

A2



C: CERAD (Neuritic Plaques)



“ABC” Score



II. “Alzheimer’s Disease” 
Heterogeneity
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Co-morbid Neurodegenerative Disease 
Pathologic Change

Robinson JL, et al., Brain 141: 2181-2193, 2018



TDP-43  & Hippocampal Sclerosis and Risk for 
AD Dementia

Nag S., et al., Annals of Neurology 77(6): 942-52, 2015



Brain, 2019

Attributable Risk for AD Dementia



Vascular Dementia

From www.radiopaedia.org

• Multi-infarct dementia

• Subcortical vascular 
dementia

• Strategic infarct dementia

• Step-wise decline with 
clinical phenotype 
depending on vascular 
territory that is affected



Microscopic Neuropathology of 
Frontotemporal Lobar Degeneration

TDP-43
(TAR DNA Binding protein of 43 kDa)

Tau

(FUS)
Fused-In-Sarcoma



FTLD-TDP Subtypes



• Frontotemporal lobar degeneration 
with TDP-43 inclusions

• Amyotrophic lateral sclerosis

• Limbic-predominant Age-related TDP-
43 Encephalopathy

• Corticobasal degeneration

• Trauma RElated NeuroDegeneration

• Parkinsonism-dementia complex of 
Guam

• Perry syndrome

• Alexander’s disease

Diseases with TDP-43 Pathology



Limbic-predominant Age-related TDP-43 
Encephalopathy (LATE-NC)

Brain, 2019



Lewy Body Disease (PD, PDD, DLB): a-synuclein

•8-30mm neuronal cytoplasmic 

Inclusions with a hyaline 

eosinophilic core and a pale halo

•Small, soluble protein of 140 amino 

acids

•Member of a diverse family of 

synaptic proteins

•Enriched in presynaptic terminals of 

neurons may function in synaptic 

transmission



• Parkinson’s disease

• Parkinson’s disease dementia

• Dementia with Lewy bodies

• “Lewy body variant of Alzheimer’s 
disease”
• Combined AD and DLB pathology

• Multiple System Atrophy

• Neurodegeneration with brain iron 
accumulation 1 (formerly HS-disease)

• Diseases with variable a-synuclein
pathology
• Down’s syndrome
• Sporadic and familial Alzheimer’s disease
• Guam parkinsonism-dementia complex

Diseases with a-Synuclein Pathology



Lewy Body Disease Patterns

Amygdala-predominant 



Lewy Body Disease: Unique CA2 Prediliction



III. The Ultimate Diagnosis: 
Reporting Autopsy Results



Integrated Neurodegenerative Disease 
Autopsy Report

1. Macroscopic (gross) description

2. Microscopic description

“We stained XYZ and we saw ABC, etc.”

3.  Pathologic diagnosis

High level of Alzheimer’s disease neuropathologic change (A3, B3, C3)

Lewy body disease, transitional pattern

Limbic-predominant age-related TDP-43 encephalopathy (LATE), Stage 3

4.  Clinicopathologic correlation

“This x year old male had a clinical history of dementia with Lewy bodies.  We saw xyz which 
correlates well with the history of dementia, etc.

5.  Final integrated diagnosis



Let’s look at a few cases…



Integrated Neurodegenerative Disease 
Autopsy Report
• Alzheimer’s disease, posterior cortical atrophy variant

• Histologic diagnosis: High level of Alzheimer’s Disease neuropathologic
change (A3, B3, C3)

• Co-morbid pathology: LATE-NC (Stage 2)

• Clinical classification: Posterior cortical atrophy

• Biochemical data: 3R+4R tauopathy

• Molecular data: APOE E3/E4, TREM2 p.R47H



Autopsy: Final Comprehensive Disease 
Classification



Thank you!
Q&A


