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Familial vs sporadic AD:

Effect of FAD mutations/APOE4 genotype
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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”



Genetic risk factors for AD

- Deterministic, early-onset genes:
- APP mutations
- Mutations in PSEN1 and/or PSENZ2:

- Code for y-secretase complex
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Genetic risk factors for AD

- APP mutations:

A K, Italian A, Iranian
Q, Dutch 1, Austrian
G, Arctic 2 A, German
£ % N Tottori 5 5 , French
§ ©  H,Taiwanese E g s V,Floridaor F, T
no e K, Leuven =2 & |, London or F, Indianaor G, L
NL TV N v T p P Australian
* - \% v . oV . 3 , Belgian or M, Chinese
(aa647)DRGLTTRPGSGLTNIKTE glssvmc@rRH_DSGV_vuno&vsrﬁvssnxcm IGLMVGGVVA TVIVITLVMLKKKQYTS(aa730)
- ' - . ‘ - !0 . '
D 1ig R 4, Osaka e !
B « YoV €

- PSEN mutations

APP —_—

B-secretase

Neurotoxicity

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



| AzheimersDisease
Familial AD

- The case of a Columbian village (video):

- 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.



| AzheimersDisease
Familial AD

- The case of a Columbian village — The advantage of a clear

trajectory:
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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
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Familial AD

- The case of a Columbian village — The advantage of an

early treatment:
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» Testing the amyloid cascade hypothesis
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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
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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.
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Genetic risk factors for AD: APOE4

- Mechanism of Action:
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Proposed mechanism: APOE4/A complex
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Alzheimer’s Disease

Summary genetic risk factors:

Genetics of Alzheimer’s Disease

Early Onset (<65) Late Onset (»65)
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Familial AD Sporadic AD
Mutations in the APP or PS1/PS2 genes; - Aging in concert with genetic (APOE ¢4)
[ duplication in the APP gene ] .o st ool ettt
Life-long increase in A[342 Increased tendency for
production with gradual AB mtefoldlng with higher
Ap accumulation amyloidogenicity
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The (genetic) etiology of AD

The risk spectrum predisposing to AD as one continuum
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» Colored arrows indicate possible gene-gene and gene-environment interaction patterns
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Environmental risk factors for AD

- Age
- Carrying a risk gene (APOE4 and others)
- Others:

- Diabetes mellitus

- Midlife hypertension
- Midlife obesity

- Midlife inactivity

- Depression

- Smoking

- Low educational attainment _

© Nature Reviews Neurology 2014
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Low educational attainment and AD:

- Cognitive Reserve Hypothesis

® American Journal of Epidemiology Vol. 159, No. 2
@g Copyright © 2004 by the Johns Hopkins Bloomberg School of Public Health Printed in U.S.A.
All rights reserved DOI: 10.1093/aje/kwh018

Relation of Education and Occupation-based Socioeconomic Status to Incident
Alzheimer’s Disease

Anita Karp'2, Ingemar Kareholt!, Chengxuan Qiu'2, Tom Bellander?, Bengt Winblad'2, and
Laura Fratiglioni'2

! Aging Research Center, Division of Geriatric Epidemiology and Medicine, Neurotec, Karolinska Institutet, Stockholm, Sweden.
2 Stockholm Gerontology Research Center, Stockholm, Sweden.

3 Department of Occupational and Environmental Health, Stockholm County Council, and Institute of Environmental Medicine,
Karolinska Institutet, Stockholm, Sweden.



Low educational attainment and AD:

- Cognitive Reserve Hypothesis

TABLE 3. Relative risks of clinically diagnosed Alzheimer’s disease or dementia associated with combinations of education and
occupation-based socioeconomic status (lifetime longest-held job), The Kungsholmen Project, Stockholm, Sweden, 1987-1993

All Alzheimer’s disease All types of dementia

subjects
e 95%c1  No-of 95% Cl 95% Cl
High education/high SES* 353 22
High education/low SES 36 0.1,5.5 3 2 Jo4,41) 1.3 J04,44
Low education/high SES 220 16,61 30 4 §14,42) 23 | 1.3,4.1
Low education/low SES 301 16,57 46 1.5,4.0

* RR, relative risk; Cl, confidence interval; SES, socioeconomic status.
1 Relative risks were estimated after adjustment for age and gender.
I Relative risks were estimated after adjustment for age, gender, vascular diseases index, and alcohol data.



Low educational attainment and AD:

- Cognitive Reserve Hypothesis
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Risk factors for AD

- The dynamic polygon hypothesis:

b The dynamic polygon hypothesis

Neurofibrillary
tangles 4,

Coghnitive
impairment

Mild
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~ Azheimer'sDisease
The LEARN model:

- =Latent Early-Life Associated Regulation
- Not a single hit can explain the disease

- “Multiple hit hypothesis” for idiopathic neurodegenerative disorders:

Cognitive health

Disease threshold

Age

© EMBO J, 2017
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Treatment approaches for AD:

- Goal:
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Treatment approaches for AD:

- 2 types of FDA approved drugs against cognitive symptoms

- Cholinesterase inhibitors
- Donepezil (Aricept)

- Rivastigmine (Exelon)

B L )
50

- Galantamine (Razadyne) lc;;“ e
Al' Pt |xa mg
- Tacrine (Cognex) JEHTAT mi —

- NMDA receptor antagonist:
- Maintenance of glutamatergic synaptic transmission, thereby uicicasiiy icaimy and
memory capacities

* Memantine (Ebixa)



Treatment approaches for AD:

- Cholinesterase inhibitors

- Prevent the breakdown of acetylcholine, a chemical messenger important for

learning and memory.

(i)
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\
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© medscope.com

cholinergic pathways
frontal cortex

) y:g;i‘:

septum pellucidum

nucleus of

Meynert
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Levels of acetylcholine (ACh), the
chemical messenger important for
learning and memory, are low in
the brains of people with
Alzheimer’s disease,
Cholinesterase inhibitors (AChE
inhibitors) partially correct the
deficit by blocking the action of
acetylcholinesterase (AChE) and
thereby increasing the amount of
acetylcholine that remains in the
synaptic cleft.

Medscape




Treatment approaches for AD:
- Cholinesterase inhibitors, e.g., Aricept:

Clinical
Improvement
'y

v
—e— Aricept 10 mg/day Clinical
391 —a— Aricept 5 mg/day Decline
—O— Placebo

Alzheimer’s Disease Assessment Scale
ADAS-cog Change from Baseline
Mean (+SE)

4 I I 1 I 1
0 6 12 18 24 30

Weeks of Drug Treatment

© nih.gov
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Treatment approaches for AD:

- NMDA receptor antagonist

- Mode of action:

1) Maintenance of glutamatergic synaptic transmission, thereby increasing learning

and memory capacities

(glutamate is the major
excitatory neurotransmitter in
the brain) Presynaptic

terminal

Glial cell

Glutamine |

Glutamate receptors

© Sinauer Associates 2012 EAAT= Excitatory amino acid transporter VGLUT= Vesicular glutamate transporter
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Treatment approaches for AD:

- NMDA receptor antagonist

- Mode of action:

2) Reduction of excessive excitatory glutamatergic neurotransmission

Medscapee® www.medscape.com

Pathological Activation
of NMDA Receptors

Pathological Activation Impairment of
of NMDA Receptors Plastic Processes Neurodegeneration

Cognitive

Rest Activity ’
Signal Not Damaged

Detected Neurons

Noise Noise

Adapted from Parsons CG et al. Neuropharmacology. 1999; 38:735

Glutamate
° Mgz'
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Treatment approaches for AD:

- NMDA receptor antagonist

- Mode of action:

2) Reduction of excessive excitatory glutamatergic neurotransmission

Medscapee www.medscape.com

Memantine Selectively Blocks Pathological
Activation of NMDA Receptors

Pathological Activation  Neuroprotection Memantine Does Not Impair
of NMDA Receptors by Memantine Neurotransmission or
Plastic Processes

Cognitive

Rest Activity

= B 9 1S

Noise

IR Ll

Glutamate
¢ Magnesium
« Memantine
Adapted from Parsons CG et al. Neuropharmacology. 1999; 38:735




Treatment approaches for AD:

- NMDA receptor antagonist, e.g., memantine:
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Treatment approaches for AD:

- 2 types of FDA approved drugs against cognitive symptoms

- They only work symptomatically!

- Prevention approaches against AD:
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Antibody-mediated amyloid clearance:

a Microglia mediated b Direct resolution ¢ Peripheral sink d Blockade of toxic oligomers
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Antibody-mediated amyloid clearance:

- Example of aducanumab (Biogen, approved 2020):

Aducanumab Treatment:
Reduced Progression of
Alzheimer’s Disease
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Aducanumab
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Antibody-mediated amyloid clearance:

. Example of lecanemab: Monomers Oligomers Protofibrils Fibrils
® 9 & st
o' D)
: s { \’
9-75kDa >75 - 5000 kDa
- Soluble > Insoluble

lecanemab

aducanumab |
gantenerumab

TABLE. BINDING OF ANTIAMYLOID
MONOCLONAL ANTIBODIES TO DIFFERENT

SPECIES OF AMYLOID f3

Aducanumab = Plaque Fibrils, none to oligomer
Donanemab Plaque None

Gantenerumab =~ Plaque Fibrils>protofibrils, monomers
Lecanemab Protofibril Protofibrils, oligomers>fibrils, monomers

© Alzforum/Practical Neurology



Antibody-mediated amyloid clearance:

- Example of lecanemab:

- Cognition:

Worsening
E 0.0+
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g 0.4"' i\\
5 £ o034 Lecanemab
§%
S8 12
sa b
g R Placebo
= P<0.001 at 18 mo
r2 20 T T T T T 1
0 3 6 9 12 15 18
Visit (mo)
No. of Participants
Lecanemab 859 824 798 779 765 738 714
Placebo 875 849 828 813 779 767 757

Amyloid burden:
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@ 40
-‘g 3 _50- Lecanemab
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\ < -60 T I T 1
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Placebo 344 303 286 259 205



Tau-based approaches:

- Hyperphosphorylation of tau protein leads to aggregation

Microtubule- Soluble Soluble tau Neurofibrillary
bound tau tau aggregates tangles

Clearance
activators

Kinase Aggregation
inhibitors inhibitors

© Nature Reviews Drug Discovery



Various Hypotheses of Alzheimer’s Disease in Clinical Trails up to 2019

® Others
8.4%

W Virus Hypothesis 0.5%
® Diabetes Hypothesis 2.3%

m Inflammatory Hypothesis
4.6%

» Exercise Hypothesis
6.6%
¥ Neurovascular 2173 clinical trails
Hypothesis
7.9%

© Mitochondrial Cascade
and Related Hypotheses
17.0%

B Amyloid Hypothesis
22.3%

» Neurotransmitters
Hypothesis
19.0%

¥ Tau propagation Hypothesis
12.2%

© Nature 2019



Overview cl

Inical trials:
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Phases of Clinical trials:
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Success rate of clinical trials:

NME Success Rates By Phase And Overalll
2007-2011 Industry Portrait, Pure

Preclinical Phase 1 Phase2 Phase3  Registration

Success Rate For

Each Phase S
@
304 19.4
Percent Calculated To 3% 5% 2 | 112% @ | {54% @ | | 83% &

Achieve 1 Approval

© KMR Group, Inc.
© understandinganimalresearch.org.uk
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AD Diagnostics

- Goal:

effect enables
individualization
of regimen

‘Quantifying treatment

Diagnostics and clinical
decision support inform
likelihood of response
to treatment

Differential diagnostics
confirm Alzheimer's

disease-specific
pathophysnology

vfstory inform screemng
) lans and primary

Early, individualized
treatment with disease-
modifying drugs at optimal
therapeutic index

Treatment-specific

Sensitive, not specific

prognosis
\Nonspecific.
Alzheimer’s disease- P early symptoms
specific diagnosis
Early detection Asymptomatic
Sensitive, not specific
Screen for risk Asymptomatic

© Nature Reviews Drug Discovery



AD Diagnostics

- Diagnostic tools:

PIB PET

tor

Mental examination

PIB PET

Quantitative
MRI

Quantitative MRI

Fluorodeoxyglucose PET

More experimental approaches

© Nature
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AD Diagnostics

- PIB PET

- PIB=Pittsburgh Compound B

- "C-PIB is a fluorescent derivative of thioflavin T

- Type of measurement: Amyloid plaques

- PIB preferentially targets and binds to fibrillar AR forms found in dense

core plaques with high affinity and specificity
- no binding to tau

- Problem: Amyloid plaques don’t necessarily predict AD



. AgheimersDisease
AD Diagnostics

- Quantitative MRI

- Type of measurement: Neurodegeneration
- Sensitive to neurodegeneration that occurs in mild and preclinical AD

- Predictive of decline to dementia in individuals with mild cognitive

impairment



. AgheimersDisease
AD Diagnostics

- Fluorodeoxyglucose PET

- 18F-glucose

- Type of measurement: Neuronal activity
- The uptake of 18F-FDG is a marker for a tissue’s metabolism

- Particularly relevant for disorganized brain activity in the default mode
network (DMN)
* Active at wakeful rest
* Earliest brain area affected in AD:
* Medial temporal cortex
* Posterior cingulate cortex

» Parietal cortex



The Default Mode Network and AD (Glucose metabolism):

RESTING

GLUCOSE
METABOLISM HYPOMETABOLISM PROGRESSION

MODERATE SEVERE

© Annals of the New York Academy of Sciences
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How to study AD outside humans:

VX ety JAX® MICE SEARCH
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How to study AD outside humans:

frontiers in REVIEW glm%ﬁ %
GENETICS doi: 10.‘1;389/fgef;e.2014.00088

Using mice to model Alzheimer’s dementia: an overview of
the clinical disease and the preclinical behavioral changes
In 10 mouse models

Scott J. Webster', Adam D. Bachstetter', Peter T. Nelson'2, Frederick A. Schmitt'? and
Linda J. Van Eldik'**

' Sanders-Brown Center on Aging, University of Kentucky, Lexington, KY USA

Z Division of Neuropathology, Department of Pathology and Laboratory Medicine, University of Kentucky, Lexington, KY, USA
3 Department of Neurology, University of Kentucky, Lexington, KY, USA

4 Department of Anatomy and Neurobiology, University of Kentucky, Lexington, KY, USA



Animal models

- Limitations of mouse models:

- Incomplete recapitulation of the pathology
- Based on fAD
- Wild type mice do not develop AD
- Other (animal) models?
- C.elegans
- D.melanogaster
- Rats
- Marmosets

- Brain organoids/cellular culture



