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-
Introduction

i

Alzheimer's disease (AD) is the most common type of neurodegenerative dementia, accounting for 50-70% of
prevalent neurodegenerative dementia cases (Winblad et al., 2016). AD causes a progressive decline in
cognitive function with the most typical initial symptom being short-term memory impairment.

AD neuropathology is characterised by:

» neuronal loss in specific brain regions — notably the medial temporal lobe structures and the temporo-
parietal association cortices

» intraneuronal neurofibrillary tangles composed of aggregated and often truncated and
hyperphosphorylated tau protein; and

» extracellular neuritic plagques, consisting of deposits of B-amyloid peptides (Blennow et al., 2006)

Blennow, K. et al. (2006) Alzheimer's disease. Lancet 368, 387-403.
Winblad, B. et al. (2016) Defeating Alzheimer's disease and other dementias: a priority for European science and society. Lancet Neurol. 15, 455-532.
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Introduction

i

Currently, clinical diagnosis of AD relies largely on documenting cognitive decline. This can be supplemented
by additional parameters assessed through clinical investigations, such as blood tests and structural imaging.
At the point of diagnosis, the disease has already caused severe brain damage.

Increasingly, and particularly with the prospect of disease modification, there has been a shift towards the
use of biomarkers (Dubois et al., 2014) to diagnose AD earlier (pre-dementia stages) and with more
specificity. Besides the clinical benefits of early and specific diagnosis, the use of biomarkers will enable the
monitoring of disease progression and facilitate clinical trials of novel candidate drugs.

Dubois, B. et al. (2014). Advancing research diagnostic criteria for Alzheimer's disease: the IWG-2 criteria. Lancet Neurol. 13, 614-629.
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Intendéd Learning Outcome

By completing this module, you will:
v" Review up-to-date understanding of the role of neurofibrillary tangles and amyloid plaques in AD pathology
v" Understand the terms Alzheimer’s Disease and Alzheimer’s Dementia
v Identify potential biomarkers for AD diagnosis and progression in four main areas:
v Cognition
v" Neurodegeneration
v' Amyloid
v' Tau
v' Recognise currently available biomarkers for AD and categorise potential future biomarkers as ‘near future’
and ‘distant future’
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Biomarker temporal sequence
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Alzheimer’s disease risk factors
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Risk factors for dementia

The Lancet Commission presents a new life-course model showing
potentially modifiable, and non-modifiable, risk factors for dementia.
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Alzheimer’s disease vs dementia
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e Clinical criteria: Probable Alzheimer’s

dementia ATN profiles Biomarker category
Dementia + progressive + >2 cognitive domains A-T-(N-)  No pathology
A+T-(N-) AD pathologic change
* Amyloid/Tau/Neurodegeneration framework: A+T-(N+)  AD pathologic change
Alzheimer’s disease A+T+(N-)  AD pathology
A+ CSFR-Amyloid <1025 pg/ml A-T+(N+) Non-AD pathology
T+ CSFp-Tau >24 pg/ml A-T-(N+) Non-AD pathology
N+ Schelten’s score = 1 (<65 yrs)
Schelten’s score = 1.5 (65-75) A-T+(N-) Non-AD pathology

Schelten’s score = 2 (>75 yrs)

* Emergent Alzheimer’s disease: Rapid
amyloid/tau accumulation
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* Main biomarkers
* Cognition
* Neurodegeneration
 Amyloid
* Tau

* Experimental biomarkers: ADLs, sleep, synaptic function
* Availability

e Current
e Near future
e Distant future
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Cognition: Near future
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Cognition: (Not too) distant future
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* Personal digital technology interaction

e Adapted browsers
* Typing speed
e Speed of reading
* Smartphone
* Find correct words when texting
* Time to find contact
* Speech analysis (machine learning)
* Internet of things
e Pattern of use of technology around the house (machine learning)



Cognition: (Not too) distant future
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Neurodegeneration: Current
OXFORD
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Neurodegeneration: Current
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MTA visual rating scale
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Neurodegeneration: Current
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AD: posterior cingulate gyrus
and parietal cortices
extending to temporal

FTD: frontal and temporal cortices

LBD: occipital +
parietal

LoX
[-X-]

Marcus et al. Clin Nucl Med. 2014




Neurodegeneration: Near future
OXFORD
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Neurodegeneration: Plasma NfL
0),430)23D,

A | NfL slope by clinical diagnosis B | NfL slope by clinical diagnosis and AB status C | NfL slope by ATN status
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Amyloid and tau: Current
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Diagnostic groups

Biomarker

AUC (95% Cl)

Specificity (%)*

AD vs HC ABX-42/X-40 ratio 0.95 (0.92-0.99) 93%
AB1-42 (pg/mL) 0.93 (0.88—-0.98) 90%

T-tau/AB1-42 ratio 0.93 (0.89-0.97) 83%

AD vs DLB ABX-42/X-40 ratio 0.73 (0.59-0.88) 47%
T-tau/AB1-42 ratio 0.77 (0.66—0.88) 40%

AD vs bvFTD T-tau/AB1-42 ratio 0.89 (0.85-0.94) 70%
ABX-42/X-40 ratio 0.86 (0.77-0.94) 85%

AD vs PNFA T-tau/AB1-42 ratio 0.67 (0.54-0.80) 24%

Paterson et al. Alzheimer's Research & Therapy 2018 10:32



Amyloid: Near future
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Doiswamy et al. Mol Psychiatry. 2014 Sep; 19(9): 1044—-1051.



Amyloid: Near future
o e OXFORD

.
Changamons P . Changeimenth P Clangainesth  #

-l et e S 1) —_—_— | p—
— A 0100 <0000 — AR OO0 <0000 e Ale 0  oo0es

ol ™ A 0008 0en) - A Qcte oS '— A o L35 )

ADAS Score
ADAS

|

AOAS Sewre
1

— . =2 —T z
W !
.............. " $ v e e S
N —— Wi ° 1 » st o 10 et W
. . ' .
Chasge oty P Crangemorey P Changeiments 7
w— ARe 002  <0.000" w— ARe 0087 «p0001 Ak R <00
— AL o0 0002 —An 0014 01247 L A []--5) o sy

COR Sur of Bo

COR Sumn of B

COR S of Bon
&
— —t

"""’I—/, et
i —T— s
-
—--'—’—'—_‘
---- v ., oo v — e~ —d
e ——— LI 2 wwene W et . 8 et -
- .y .4
Chargeinants  # Crangetnorh P Changeinesth  »
ol ™= A% oo  000M ol = A% 007 <0000 ol ™= AN 010 006N
i — AL o000 o008 -_— AN H007 Cosa ‘ - A 0068 2 0%
. 1. I
- —_ o -
< P} - - I H
sr. i-o e S — :" + T !]
i S — 3 | =arag i " &
» —
§' i" ; — I
" i .
.................. | S —— " ——
’ 2 m——— oo ° 10 -ty By ? Sl B e

Doiswamy et al. Mol Psychiatry. 2014 Sep; 19(9): 1044—-1051.



Amyloid: Distant future
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Tau: Near future
0),40)238D,

A. Posterior cortical atrophy B. Logopenic variant PPA C. Amnestic Alzheimer’s disease
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E. Behavioral Alzheimer’s disease F. Corticobasal syndrome

Ossenkoppele et al. Brain 2016



Tau: Near future
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A. Braak stages (post mortem)

Transentorhinal (/1) Limbic (111/1V) Neocortical (V/VI)

B. Tau tracer uptake (PET)

Stage,,, > Stage, Stagey,y, > Stagey, Stagey, > Stagey,y

Schoell et al. Molecular and Cellular Neuroscience 2018



Tau: Near future
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Tau: Distant future

CSF P-tau181 (log)
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Tau: Distant future
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Tau: Distant future

a pTau181 versus clinical diagnosis
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Experimental biomarkers: Sleep
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Experimental biomarkers: Retinal imaging
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Experimental biomarkers: Synaptic function [
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* Differential diagnosis
* Neurodegeneration prediction

* Preclinical diagnosis
* Preclinical AD diagnosis -> ATN status
* Emergent AD identification

* Preclinical disease tracking -> modification trials



Neurodegeneration prediction
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Emergent AD: Rapid accumulators
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Emergent AD: Switch-on time point
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Emergent AD: Switch-on time point
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Current

Cognition Pen and paper Smartphone cognitive Passive monitoring
Computerised tests tests
Amyloid CSF PET amyloid Blood tests (Abetad42/40 +
(P-taul81)
Tau CSF PET tau Blood tests (P-tau181)

Neurodegeneration CT/MRI FDG PET Blood tests (NfL)



Potential use
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Screening Differential Trial inclusion Preclinical trial
diagnosis endpoints
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Diagnosis and monitoring of progression in Alzheimer’s Disease (AD) is crucial to achieving high-quality clinical
care. This, in turn, depends on the identification of reliable biomarkers and the development of appropriate
methodologies for their measurement and testing.

Research is being driven by the realisation that the pathological process underlying AD begins up to
25—30 years before clinical symptoms appear. Consequently, AD should be thought of as a ‘life-course’
disease and prevention should begin much earlier than it has previously.

Passive, remote monitoring using digital technology (apps, wearables) is likely to be particularly useful for
patient stratification, especially in identifying patients in the preclinical stage of dementia. Significantly, these
methodologies offer the possibility to analyse memory function repeatedly and over much longer time periods
(seven days or more) compared with testing in the clinic (15—20 minutes). Remote monitoring and analysis also
overcomes difficulties of access to clinical services for patients living away from specialised centres.
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New methodologies such as Tau-PET make it possible to determine a person’s disease status in terms of Braak
staging, which previously was possible only post mortem. This offers real potential for the staging of AD, much
like oncologists’ capacity for staging cancer.

Blood tests are likely to become much more common in the near future as disease-modifying therapies become
available. Plasma biomarkers such as NF-L (neurofilament ‘light’ [low molecular weight neurofilament protein]),
especially used in combination, may be valuable for differential diagnosis. Measuring these is relatively non-
invasive (compared with CSF analysis or scans), and of low-cost (compared with PET or MRI). Plasma NF-L has
now been strongly correlated with neurodegeneration.
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For each of the following questions, choose the best answer from the options given. Answers

on the next slide.

3. The ATN framework is based on the measurement of

which three biomarkers?
A) Amyloid/Tau/Neurofilament
B) Alzheimer’s/Tau/Neurodegeneration
C) Alzheimer’s/Time/Neurodegeneration
D) Amyloid/Tau/Neurodegeneration

4. Measuring the amyloid AB-42/-40 ratio in the CSF is

based on the finding that as AD progresses:
A) CSF AB-42 decreases while AB-40 remains high
B) CSF AB-42 remains high while AB-40 increases
C) CSF AB-42 decreases and AB-40 decreases
D) CSF AB-42 increases and AB-40 increases
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Answers.

3. The ATN framework is based on the measurement of 4. Measuring the amyloid AB-42/-40 ratio in the CSF is
which three biomarkers? based on the finding that as AD progresses:

A) Amyloid/Tau/Neurofilament A) CSF AB-42 decreases while AB-40 remains high
B) Alzheimer’s/Tau/Neurodegeneration B) CSF AB-42 remains high while AB-40 increases

C) Alzheimer’s/Time/Neurodegeneration C) CSF AB-42 decreases and AB-40 decreases
D) Amyloid/Tau/Neurodegeneration D) CSF AB-42 increases and AB-40 increases
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Extend your learning by following one of these suggestions:

WATCH Dr Vanessa Raymont on the Deep & Frequent Phenotyping (DFP) study. More details here.

READ lLashley, T. et al. Molecular biomarkers of Alzheimer's disease: progress and prospects. Dis
Model Mech. 2018 May 1; 11(5).

WRITE a 750-word article on ‘Biomarkers in Alzheimer’s Disease’ and submit it to ‘Psynapse’, the

RCPsych’s Neuroscience eNewsletter (visit rcpsych.ac.uk/training/neuroscience-in-
training/neuroscience-resources for inspiration). Published articles will earn you a £50 discount on

registration for the RCPsych 2021 Neuroscience Spring Conference, London, 26 March 2021.
Submit your article here.



https://www.youtube.com/watch?v=Q4KG0U9EeKM
https://www.dementiasplatform.uk/our-impact/case-studies/deep-and-frequent-phenotyping-study
https://dmm.biologists.org/content/11/5/dmm031781
https://www.rcpsych.ac.uk/training/neuroscience-in-training/neuroscience-resources
mailto:neuroscienceproject@rcpsych.ac.uk

