
WEEK 9

ALZHEIMER’S DISEASE



Learning objectives 
• Know about

• Pathophysiological stages of AD – spreading 
• Tau pathophysiology
• Amyloid cascade
• Diagnostic tools
• Treatment options

• Be able to explain
• Amyloid cascade hypothesis
• Multiple hit hypothesis
• Difficulties for finding AD treatments
• Familial vs sporadic AD
• Difficulties with animal models of the disease
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Alzheimer’s Disease – Overview 

1) Check your knowledge about AD 

2) Prevalence and history

3) Symptomatology

4) Pathophysiological hallmarks

• Tau tangles

• Amyloid plaques

5) Risk factors
• Genes

• Environment

6) Treatment approaches

7) Diagnostics and biomarkers



Alzheimer’s disease can be cured if 
detected early

A. True
B. False



At what time can a definite 
diagnosis of AD be made?

A. At the onset of AD
B. After the patient died
C. When all signs and 

symptoms are present
D. At the first sign of 

dementia



By 2080, how many of these 
students will have AD?

A. 1
B. 2
C. 3
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Prevalence

© www.alz.org

Prevalence and history



Year Patients 
(millions)

2010 5.8
2020 6.8
2030 8.7
2040 11.8
2050 14.3

Estimated cases in U.S.

© Dialogues in Clinical Neuroscience

Prevalence
Prevalence and history



Impact of AD
• AD is the 6th leading cause of death in the U.S. (Heart Disease is #1)

• Length of the disease is 3 – 20 years (average 9y)

• By 2029 all Baby Boomers (1946-1964) will be at least 65 – 10 million of the 
78 million are predicted to develop AD.

• 2010 Cost of Care is estimated at $172 billion (Healthcare and Long Term 
Care)

• Other economic costs: 
• Cost to businesses – lost work time, absenteeism, leaves of absence, quitting work.

Prevalence and history



Impact of AD

© alz.org

Prevalence and history



Impact of AD in CH
• 3rd leading cause of death

• 160’000 people in CH live with dementia

• 35’000 new cases/y 

• Cost of Care is estimated at CHF 12 billion/y

Prevalence and history



Prevalence and history

Genetic?Frequency in 
US

IdentifierNeurodegenerative 
Disease

low500 KJames
Parkinson
1817

Parkinson’s

moderate5.4 millionAlois
Alzheimer
1906

Alzheimer’s

high30 KGeorge
Huntington
1872

Huntington’s

low25 KJean
Martin
Charcot

ALS

Impact of AD
• AD is by far the most common neurodegenerative disease!



History of AD:
• Alois Alzheimer

• German psychiatrist

• Described symptoms + pathology

• Neuronal loss

• Plaques

• Tangles

• Patient Mrs. Auguste Deter

1864-1913

© Neurological Sciences

Prevalence and history



1851-1906

© bfs-sozialpflege.net

Prevalence and history
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© www.Senior-Care-Resources.com

Symptoms of AD
Symptomatology



Symptoms of AD
Symptomatology



© www.alz.org

Difference between AD and non-AD, 
age-related dementia

Symptomatology



© www.kindlycare.com

Difference between AD and non-AD, 
age-related dementia

Symptomatology



Of note: Other types of dementia

© dfwsheridan.org

Symptomatology



• Alzheimer’s disease
• most common

• Vascular dementia
• stroke related, 2nd most common type of dementia

• Dementia with Lewy Body
• Lewy bodies are deposits of a protein called alpha-synuclein that form inside the 

brain’s nerve cells. Affects memory, concentration, speech.

• Frontotemporal dementia
• a rare disorder that affects the frontal lobes and the temporal lobes of the brain. 

Affects behavior, personality and memory late in life.

Of note: Other types of dementia
Symptomatology



© nih.gov



© http://www2f.biglobe.ne.jp

Main symptom: Cognitive decline
Symptomatology



© https://clinicalexamprep.files.wordpress.com

How to test cognitive 
decline:
Mini mental state 
examination test

Symptomatology



© https://clinicalexamprep.files.wordpress.com

Mini mental state 
examination test

Symptomatology



• Mild or Early Stage (Mild cognitive impairment, MCI)

• Friends, family or co-workers begin to notice deficiencies: 

• Word finding problems

• Decreased ability to remember names

• Performance issues in social or work settings

• Reading a passage and retaining little material

• Losing or misplacing a valuable object

• Decline in ability to plan or organize

Stages of cognitive decline
Symptomatology



Stages of cognitive decline
• Moderate or Middle Stage

• Major gaps in memory and deficits in cognitive function emerge.

• Assistance with day-to-day activities becomes essential. 

• Deficits include:

• Inability to recall important details such as their current address, their telephone 

number. 

• Confused about where they are or about the date, day of the week or season. 

• Need help choosing proper clothing for the season or the occasion.

• May have increasing episodes of urinary or fecal incontinence and need 

assistance with toileting and personal care.

Symptomatology



Stages of cognitive decline
• Moderate or Middle Stage

• Deficits c’d:

• Lose most awareness of recent experiences and events as well as of their 

surroundings.

• Tend to wander and become lost.

• Experience significant personality changes and behavioral symptoms. 

• Including suspiciousness and delusions (for example, believing that their 

caregiver is an impostor)

• Hallucinations (seeing or hearing things that are not really there)

• Compulsive, repetitive behaviors such as hand-wringing or tissue shredding

Symptomatology



Stages of cognitive decline
• Severe or late stage

• Need full assistance with eating and toileting; general incontinence.

• Frequent loss of recognizable speech, although words or phrases may 

occasionally be uttered.

• Reflexes become abnormal and muscles grow rigid

• Individuals lose the ability to:
• walk without assistance

• sit without support

• hold their head up

• swallowing 

Symptomatology



© Nature

Symptomatology

Stages of cognitive decline



https://www.mind.uci.edu/dementia/mild-cognitive-impairment/

Pathophysiological hallmarks

Stages of cognitive decline
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What are the main characteristics 
of Alzheimer’s Disease?
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Alzheimer’s Disease – Definition 
Pathophysiological hallmarks

• Alzheimer’s Disease (AD) is a progressive, degenerative and 

incurable neurological brain disease that causes deterioration of brain 

nerve cells and ultimately death.

• The deterioration is caused by:

• Build up of abnormal substances called amyloid plaques.

• Build up of abnormal substances called neurofibrillary tangles.

• Severe neurodegeneration (i.e., neuronal loss). 



Pathophysiological hallmarks
1) Neuronal loss:

• Retraction (shriveling) of the 
cortex: Damaging areas involved 
in thinking, planning and 

remembering. 

• Shrinkage is also especially 

severe in the hippocampus, a 
brain area that plays a key role in 
formation of new memories. 

• Ventricles (cerebrospinal fluid-
filled spaces within the brain) 

grow large

© coloradodementia.org

Pathophysiological hallmarks



Brain shrinkage:
Pathophysiological hallmarks



Pathophysiological hallmarks

2) Neurofibrillary tangles
= intracellular accumulation of Tau protein

3) Amyloid plaques
= extracellular aggregates of β-amyloid

© BrightFocus Foundation

Pathophysiological hallmarks

tangles

plaques
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© Nature Reviews Drug Discovery

Pathophysiology: Tau Tangles
Alzheimer’s Disease

• Hyperphosphorylation of tau protein leads to aggregation

potential treatment strategies



© Nature Medicine

Pathophysiology: Tau Tangles
Alzheimer’s Disease

Paired helical filaments



© Nature Reviews Drug Discovery

Pathophysiology: Effect of Tau Tangles
Alzheimer’s Disease



© Nature

Pathophysiology: Effect of Tau Tangles
Alzheimer’s Disease



Tau: Other pathological modifications
Alzheimer’s Disease

© Frontiers in Neurology

• Other tau 
modifications:

• Truncation

• Mutations

• Other modifications:
• Glycosylation
• Nitration
• Ubiquitination
• Polyamination



Why does AD get worse with time?



© exploringdiseases.com

Spreading!
Pathophysiological hallmarks



Spreading of brain pathologies

© Nature

Pathophysiological hallmarks



© Future Medicine Ltd

• Braak and Braak Stages: I-VI
• Based on spreading of neurofibrillary tangles

Spreading of brain pathologies
Pathophysiological hallmarks



Braak Stages:

• I/II:

• Entorhinal cortex

• III/IV:

• Lymbic regions, including 
subiculum, hippocampus

• V/VI:

• Cortical areas

• Rest of the brain

© intechopen.com

Pathophysiological hallmarks



Braak Stages and Cognitive Decline

© taurx.com

Pathophysiological hallmarks



Spreading of both tau and amyloid in AD!
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© Nature 2013

Pathophysiological hallmarks



Spreading of both tau and amyloid in AD!
Pathophysiological hallmarks

© Nature 2012



Spreading also in other neurodegen. diseases

• A commonality between different neurodegenerative diseases!

© Nature Reviews Neuroscience

Pathophysiological hallmarks



Timing of pathophysiological hallmarks

Major issues with NFTs in AD: 
1) They appear rather late for AD diagnosis (see also diagnostics part)!
2) They don’t correlate with loss of neuronal integrity

Pathophysiological hallmarks
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Pathophysiology: Amyloid plaques
= Aggregation of β-amyloid

© Experimental Neurology/Nature Reviews Neuroscience

Pathophysiological hallmarks



• β-amyloid aggregates are thermodynamically favoured
Ø Lower free energy 

© Nature Reviews Molecular Cell Biology

Pathophysiology: Amyloid plaques
Pathophysiological hallmarks



© Experimental Neurology 2010

Pathophysiology: Amyloid plaques
• Generation of β-amyloid protein:

APP=Amyloid precursor protein
sAPP=soluble APP
CTF=C-terminal fragment
AICD=APP intracellular domain

Pathophysiological hallmarks



© discoverymedicine.com

Pathophysiology: Amyloid plaques
• Generation of β-amyloid protein:

• An amyloidogenic and a non-amyloidogenic pathway

APP=Amyloid precursor
protein sAPP=solubleAPP
CTF=C-terminal fragment
AICD=APP intracellular
domain

Pathophysiological hallmarks



• The majority of β-
amyloid is 

extracellular

• But intracellular β-
amyloid also exists

© Nature Reviews Neuroscience

Β-amyloid:
Pathophysiological hallmarks



APP

Aß42

Amyloid 
plaques 

Inflammation, 
oxidative 
damage and 
NFTs

Neuron 
death

The β-amyloid cascade hypothesis
Pathophysiological hallmarks



© Nature Reviews Neurology

The β-amyloid cascade hypothesis

Pathophysiological hallmarks



Consequences of amyloid aggregation:

Induced toxicity and neurodegeneration

Pathophysiological hallmarks

© Nature Reviews Neurology



© Neuroimage

But: Validity of β-amyloid cascade hypothesis?
• 20-30% of healthy elderly also have amyloid deposits

• Not all (familial) AD cases show amyloid deposits

Pathophysiological hallmarks



Resilient individuals
• 20-30% of healthy elderly also have amyloid deposits

© TiNS 2022

Pathophysiological hallmarks



Non pathological roles for amyloid etc

© Nat Rev Neurosci 2017

Pathophysiological hallmarks



© Nat Rev Neurosci 2017
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Appearance of amyloid pathologies:
Pathophysiological hallmarks

Major issues with plaques in AD: 
1) They appear (too) early for AD diagnosis, at non-symptomatic stages
2) They don’t always correlate with AD

PiB+: Pittsburgh Compound B (amyloid-based diagnostic tool)



What is the primary trigger for AD?

A. Amyloid
B. Tau
C. Neuronal loss
D. Both A and B



What is the first pathological 
proteinaceous sign of Alzheimer’s 

disease?

ttpoll.eu ➞ bio480jg
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Alzheimer’s Disease

Risk factors for AD

•Genetic
• Deterministic genes

• Risk genes 

• Environmental
• Age

• LEARN model

Familial AD (FAD)

Sporadic AD (SAD)



© Nature Reviews Drug Discovery

Alzheimer’s Disease

Familial vs sporadic AD:

Familial AD 
(FAD)

Sporadic AD 
(LOAD)

LOAD=Late-onset 
Alzheimer’s disease



Alzheimer’s Disease

Genetic risk factors for AD

• Deterministic vs risk genes:

1. Deterministic genes

= Directly cause a disease, everyone inheriting them will develop the disorder.

• Rare genes that directly cause Alzheimer’s in only a few hundred extended 

families worldwide.

• These genes cause an early-onset of the disease

• This type is known as “Familial Alzheimer’s disease” (FAD)

• BUT: True familial AD accounts for less than 5% of the cases.

• The majority of cases do not have a genetic underpinning with high penetrance

• This type of the disease is known as “Sporadic Alzheimer’s disease”



Alzheimer’s Disease

Genetic risk factors for AD
• Deterministic, early-onset genes:

• APP mutations

• Mutations in PSEN1 and/or PSEN2:

• Code for γ-secretase complex

AD-Mutations 
Chromosome 

21 

Abnormal amyloid 
precursor protein 

(APP). 

Chromosome 
14 

Abnormal 
presenilin 1

Chromosome 
1 

Abnormal 
presenilin 2



• APP mutations: • PSEN mutations

Genetic risk factors for AD

© Alzheimer’s and Dementia, 2016/Oxidative Medicine and Cellular Longevity 2014



Alzheimer’s Disease

Familial AD

• The case of a Columbian village – The advantage:



Alzheimer’s Disease

Familial AD
• The case of a Columbian village:

• Yarumal, Columbia and its surroundings are home to the world’s largest 
group of individuals with a hereditary form of AD

• Members of 25 extended families, with 5,000 members, developed early 
onset Alzheimer’s, if they have the mutated E280A in PSEN1

• This population is the basis for an approach that will test drugs in patients 
before the first signs of dementia appear. 



Alzheimer’s Disease

Familial AD
• The case of a Columbian village – The advantage of a clear 

trajectory:

Major issues with plaques in AD: 
1) They appear (too) early for AD diagnosis, at non-symptomatic stages
2) They don’t always correlate AD



• The case of a Columbian village – The advantage of an 
early treatment:

Ø Testing the amyloid cascade hypothesis

Familial AD

© Nature Reviews Drug Discovery



Alzheimer’s Disease

Genetic risk factors for AD
2. Risk Genes

• Risk genes increase the likelihood of developing a disease but do not 
guarantee it will happen.

• APOE-e4 

= one of three common forms of the APOE (apolipoprotein) gene.

• Those who inherit one copy of APOE-e4 have an increased risk of 
developing Alzheimer’s.

• Those who inherit two copies have an even higher risk.

• In addition to raising risk, APOE-e4 may tend to make symptoms appear at 
a younger age than usual.



APOE4 is the strongest genetic risk factor for patients
with late-onset (sporadic) Alzheimer’s disease

Survival Curve

© pharmakologie.wordpress.com https://alzheon.com

There are three major isoforms (ApoE2, ApoE3, and ApoE4) in humans.
• ApoE is produced predominantly by astrocytes and to some extent microglia 
• ApoE is also expressed in neurons in response to excitotoxic injury
• ApoE plays important role in the transport of HDL-like particles cholesterol and

phospholipid between cells.

Alzheimer’s Disease



© Nature Reviews Drug Discovery

Alzheimer’s Disease

• Mechanism of Action:

Genetic risk factors for AD: APOE4

ApoE4



© neuroamer.files.wordpress.com/

Alzheimer’s Disease

Summary genetic risk factors:



© Experimental Neurology 2010

Alzheimer’s Disease: FAD vs SAD



The (genetic) etiology of AD

• The width of these boxes approximately represents the relative contribution to the overall risk
• Colored arrows indicate possible gene-gene and gene-environment interaction patterns

The risk spectrum predisposing to AD as one continuum

© J Clin Invest


