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The amyloid cascade hypothesis on Alzheimer’s disease – still viable?

Karran et al., 2011



Herrup et al., 2015

The amyloid cascade hypothesis on Alzheimer’s disease – still viable?



Risk factors for Alzheimer’s disease

High age    key risk factor

APOE 4 allele   heterozygote   3-4 times increase in risk

    homozygote    10-12  times increased risk

Diabetes mellitus  Relative risk  1.46 95% CI  1.20 – 1.77

Mid-life hypertension  Relative risk  1.61 95% CI  1.16 – 2.24

Mid-life obesity  Relative risk  1.60 95% CI  1.34 – 1.92

Physical inactivity  Relative risk  1.82 95% CI  1.19 – 2.78

Smoking   Relative risk  1.59 95% CI  1.15 – 2.20





AD pathology can be identified using biomarkers



➔ Amyloid and tau pathology (+/- neurodegeneration) = Alzheimer’s disease

➔ Amyloid pathology only = Alzheimer’s pathologic change

Amyloid PET - positive 

Tau PET - negative 

MRI - normal

>30% of cognitively unimpaired elderly

have brain amyloidosis (preclinical Alzheimer’s disease)



 Aβ - plaques

 PHF-tau – tangles

TDP-43 inclusions

α-synuclein / Lewy bodies

Neuronal and synaptic degeneration

Microvascular pathology

Hippocampal sclerosis      

Late-onset Alzheimer’s disease

• Late-onset Alzheimer-type dementia show multiple pathologies in different combinations

• Clinical criteria for AD have poor diagnostic accuracy



Risk factors for Alzheimer’s disease

High age    key risk factor

APOE 4 allele   heterozygote   3-4 times increase in risk

    homozygote    10-12  times increased risk

Diabetes mellitus  Relative risk  1.46 95% CI  1.20 – 1.77

Mid-life hypertension  Relative risk  1.61 95% CI  1.16 – 2.24

Mid-life obesity  Relative risk  1.60 95% CI  1.34 – 1.92

Physical inactivity  Relative risk  1.82 95% CI  1.19 – 2.78

Smoking   Relative risk  1.59 95% CI  1.15 – 2.20

Epidemiological studies are not based on biomarkers

  - preclinical AD is found in 20-30% of cognitively unimpaired elderly

  - pure clinical diagnosis have poor diagnostic accuracy

  - late onset AD is heterogeneous with multiple pathologies

➔Risk factors for Alzheimer’s disease  (= amyloid and tau pathology) ?

                                           Cerebrovascular pathology lowering threshold for AD-type pathology ?

  Neurodegeneration in old-age dementia ? 



Risk factors for Alzheimer’s disease in biomarker studies

➔The “classical” AD risk factors (low education, midlife cardiovascular disease and smoking)

do not confer risk of amyloid pathology, and thus not for Alzheimer’s disease



Drug treatment of Alzheimer’s disease

➔ Symptomatic drugs / cognitive enhancers 

– improve symptoms but no effects on progression of pathology or neurodegeneration

➔ Disease-modyfing drugs

- designed to target a specific pathophysiology / pathology

- no short-term symptomatic effect, but slowing of progression

- marked focus on anti-amyloid drugs, but recently also on tau



Symptomatic drugs/cognitive enhancers 

• Improves cognition (no effect on underlying disease)

• Mild to moderate AD dementia

• E.g., donepezil, rivastigmine and galantamine

Acetylcholinesterase inhibitor

• Moderate to severe AD dementia

• Memantine

Partial NMDA receptor antagonist



Nature Rev Dis Primers 2015:15056

➔ Several anti-amyloid have been tested and are in late stage clinical trials



➔ Dose-dependent reduction in brain and CSF amyloid levels
➔Marked (80%) reductions in amyloid plaque counts

γ-Secretase inhibitor treatment for Alzheimer’s mice

Acute treatment 9 months of treatment

APP24 mice (hAPP, Swedish, and London mutations)

LY-411575 = semagacestat



➔ Evidence of target engagement and amyloid plaque removal in mice 

may not directly translate to  disease-modifying effect / clinical benefit in AD patients

γ-Secretase inhibitor treatment for Alzheimer patients



➔ Dose-dependent marked reduction in β-amyloid production with BACE1 inhibitor treatment



➔ Evidence of target engagement may not directly translate to disease-modifying effect / clinical benefit



Lack of clinical effect and/or side effects (among others, cognitive worsening) 
have made researchers and companies afraid of gamma- and beta-secretase 
as drug targets 

Two (at least) options remain viable and in need of further study:  

1. gamma-Secretase modulation (e.g., reduce Abeta42, increase Abeta38
without influencing overall gamma-secretase activity)

2. Low-dose BACE1 inhibition (not 70-90% inhibition but maybe 20-30%?)

Both have strong support from genetics, as primary prevention strategies
against amyloid build-up in the brain and Alzheimer’s disease



AA -0.09-0.09AAAA

Screen Week 78

BB -0.33-0.33BBBB

Screen Week 78

➔ Treatment with β-amyloid antibodies

may reduce plaque load in Alzheimer patients



➔ Treatment with the β-amyloid antibody bapineuzumab did not improve cognition,

but effects on amyloid load and CSF P-tau suggest minor disease-modifying effect



➔ Reduction in amyloid PET clearly indicates target engagement 

➔ Reduction in neurodegeneration biomarkers needed to support disease-modification









Many other anti-Aβ antibody trials are moving forward

Promising results on biomarkers, less clear on cognition



Lecanemab removes amyloid and shows clinically meaningful benefit





Time to significant amyloid removal determines if a drug can show 

a clinically meaningful effect

Karran & de Strooper 2022



Cummings J: https://alz-journals.onlinelibrary.wiley.com/doi/10.1002/trc2.12385



Problems with antibody-based removal of established amyloid pathology: 

Amyloid-related imaging abnormalities

Expensive

Neuronal network damage may have already occurred

Tau pathology may have taken off



Okochi et al., 2013

The case for gamma-secretase modulation



Available targeted protein biomarkers for dementias

Hansson 2022 Nature Medicine (PMID: 34083813)



• The fold changes of plasma Aβ42/40 between PET Aβ+ and PET Aβ- are not 
large 

Plasma amyloid β

Karikari, Ashton et al., 2022 Nature Reviews Neurology (PMID: 35585226) / Schindler et al., 2019 Neurology 
(PMID: 31371569)



Plasma Aβ1–42/Aβ1–40 CSF Aβ1–42/Aβ1–40 CSF pTau/Aβ1–42

No “wiggle room” 

around cutoff
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Plasma amyloid β



Plasma p-tau indicates AD pathology (including amyloid)

Lantero-Rodriguez et al., 2020 Acta Neuropathologica (PMID: 32720099)



Plasma p-tau indicates AD pathology (including amyloid)

Lantero-Rodriguez et al., 2020 Acta Neuropathologica (PMID: 32720099)



Plasma p-tau in the Alzheimer’s disease continuum

Karikari, Pascoal et al., 2020 Lancet Neurology (PMID: 32333900)



Plasma p-tau in the Alzheimer’s disease continuum

Thijssen et al., 2020 Nature Medicine (PMID: 32123386) / Janelidze et al., 2020 Nature Medicine (PMID: 32123385) / Mielke et al., 2018 Alzheimer’s & 
Dementia (PMID: 29626426)



Ashton et al., Nature Med. 2022

Different phospho-forms of tau can be measured in plasma



Equivalence of plasma p-tau217 with cerebrospinal fluid 

in the diagnosis of Alzheimer's disease

Therriault et al., A&D, 2023
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Plasma p-tau217AlzPATH (AUC = 0.959 [0.931–0.987])
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Figure 1A – predicting amyloid PET positivity 

Plasma p-tau217Janssen (AUC = 0.924 [0.891–0.971])

Plasma p-tau217 to screen for Aβ pathology – results from TRIAD and WRAP

Ashton et al., JAMA Neurol 2024



– a case study in Mild Cognitive Impairment (MCI) 

Brum, Cullen et al., 2023

A two-step workflow based on plasma p-tau to screen for Aβ pathology

Detailed clinical phenotyping
(including digital assessment tools)



Blood neurofilament light (NfL) is a measure of axonal injury irrespective of 
cause

Ashton et al., 2020 Nature Communications (PMID: 34099648)

Plasma neurofilament light



Blood glial fibrillary acidic protein (GFAP) is a marker for reactive 
astrogliosis/inflammation

Benedet, Milà-Alomà, Vrillon et al., 2021 JAMA Neurology (PMID: 34661615) / Montoliu-Gaya, Alcolea et al., in 
review

Plasma glial fibrillary acidic protein

Representative, preliminary results, pending publication in a peer-reviewed 
journal



Blood spot collection

Advantages

• 65uL of whole blood 
(no need for centrifugation for plasma).

• Stable at room temperature >1-month
(Transferrable by normal post or stored without 
cooling/freezing)

• Capillary blood is possible 
(Remote self-collection, paediatric neurology, onset sports 
injuries, field clinicis)

• Dementia biomarkers are measurable by Simoa with a 
modified extraction protocol

Nick Ashton
Haley Weninger
Lara Grötschel
Joel Simrén
Hanna Huber
Laia Montoliu-Gaya 



Blood spot collection – venous blood

EDTA plasma and venous Dry Blood Spot (DBS) have high correlations (not 

for Aβ42 or Aβ40)





DROP-AD: detecting AD blood biomarkers using a finger-prick
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• Current blood processing protocol require a strict procedures – useful in primary care?
• How do we monitor people overtime (including those on DMT) for personalised management?
• Detecting pre-clinical changes – if/when that it is required?



Summary – blood biomarkers for diagnosis

ATN biomarkers in blood:

A = plasma Aβ42/Aβ40 and P-tau 
T = plasma P-tau
N = plasma NfL

G/I = plasma GFAP and other inflammatory proteins
V = placental growth factor (?)



Summary – the therapeutic landscape

Antibody-based removal of existing amyloid pathology 
is clinically meaningful

Side effects

When should one stop?

Gamma-secretase modulation could be a safe 
primary prevention strategy in high-risk individuals

Gamma-secretase modulation could prevent amyloid 
pathology from returning following antibody-mediated amyloid 
removal

Accessible biomarkers exist for all of the Alzheimer’s continuum



Thanks!!
henrik.zetterberg@gu.se

h.zetterberg@ucl.ac.uk

To all patients, relatives, team members, 

collaborators and funders

mailto:henrik.zetterberg@gu.se
mailto:h.zetterberg@ucl.ac.uk

	Bild 1
	Bild 2
	Bild 3
	Bild 4
	Bild 5
	Bild 6
	Bild 7
	Bild 8
	Bild 9
	Bild 10
	Bild 11
	Bild 12
	Bild 13
	Bild 14
	Bild 15
	Bild 16
	Bild 17
	Bild 18
	Bild 19
	Bild 20
	Bild 21
	Bild 22
	Bild 23
	Bild 24
	Bild 25
	Bild 26
	Bild 27
	Bild 28
	Bild 29
	Bild 30
	Bild 31
	Bild 32
	Bild 33
	Bild 34
	Bild 35
	Bild 36
	Bild 37
	Bild 38
	Bild 39
	Bild 40
	Bild 41
	Bild 42
	Bild 43
	Bild 44
	Bild 45
	Bild 46
	Bild 47
	Bild 48
	Bild 49
	Bild 50: DROP-AD: detecting AD blood biomarkers using a finger-prick
	Bild 51
	Bild 52
	Bild 53

