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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
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Familial vs sporadic AD:
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Familial AD is driven by genetic factors

“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”



Familial AD is driven by genetic factors

- There are two types of “deterministic”, early-onset genes:

- APP mutations

- Mutations in PSEN1 and/or PSEN2;

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

- APP mutations:

- PSEN mutations
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Sporadic AD can be predisposed by risk genes

Risk Genes

- Risk genes increase the likelihood of developing a disease but do not

guarantee it will happen.
- APOE-e4
- best known example for SAD

- 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.



APOEA4 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.

* ApoE2 is produced predominantly by astrocytes and to some extent microglia

* ApoE3 is also expressed in neurons in response to excitotoxic injury

» ApoE4 plays important role in the transport of HDL-like particles cholesterol and
phospholipid between cells.

© phamakologie.wordpress.com https://alzheon.com
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Genetic risk factors for AD: APOE4

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

Summary genetic risk factors:

Genetics of Alzheimer’s Disease

Early Onset {<65) Late Onset (=65)

_a-

' )

._.li'" & . ._.-"-
Chrm21 Chrm14 Chrm1 Chrmlg 10+ Loci

1

CLU CD33
CR1 MSLABA

PS1  PS2 PICALM  CDPA2
Presenilins BINL  MS4AGE

ABCA7 S0ORL1
Familial Alzheimer’s Disease Sporadic Alzheimer’s Disease

Mutations, Rare SMPs, Common
Often Autosomal Dominant Genes Risk Factor Genes
Large Effects (i.e, causative genes) Small Effects

© neuroamer.files.wordpress.com/



Familial AD

duplication in the APP gene

[\

[ Mutations in the APP or PS1/PS2 genes; ]

Life-long increase in Aj42 tendency for
production with gradual Ab mlsioldlng with higher
Af} accumulation amyloidogenicity

© Experimental Neurology 2010



The (genetic) etiology of AD

The risk spectrum predisposing to AD as one continuum
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+ 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
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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
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Low educational attainment and AD:

- Cognitive Reserve Hypothesis

© Trends in Cognitive Sciences
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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 sociceconomic status (lifetime longest-held job), The Kungsholmen Project, Stockholm, Sweden, 1987-1993

All Alzheimer’s disease All types of dementia
subjects
e Sl LG EACE 5% c1 Moo 95% Cl 95% Cl
cases

High education/high SES* 353 22
High education/low SES 36 0.1,5.5 3 04,41 1.3 04,44
Low education/high SES 220 1.6, 6.1 30 14,42 ) 23 | 1.3 4.1
Low education/low SES 301 16,57 46 16,44 | 24 15,40

* RRA, 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.

© American Joumal of Epidemiology



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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Alzheimer’s Disease is a
monogenetic disorder.

A. True
B. False



What are differences between
familial and sporadic AD?
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Treatment approaches for AD:

- Goals:

- reduce (cognitive) - reduce (or slow down)
symptoms pathologies
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1) Reduce cognitive symptoms

- 2 types of FDA approved drugs against cognitive symptoms

- Cholinesterase inhibitors
- Donepezil (Aricept)

- Rivastigmine (Exelon)
. AT O

50

Ebixa 10 mg

Yo

Alrice, ’.
10Mg oo

28 Lty

- Galantamine (Razadyne)

 Tacrine (Cognex)

P

- NMDA receptor antagonist:

- Maintenance of glutamatergic synaptic transmission, thereby imcreasing iearnyg and
memory capacities

* Memantine (Ebixa)



cholinergic pathways I

frontal cortex

septum pellucidum

1) Reduce cognitive
symptoms '

nucleus of
Meynert

- Cholinesterase inhibitors hippocampus

- Prevent the breakdown of ——

é’nhibitor

acetylcholine, a chemical

messenger important for postsynaptic membrane

learning and memory.

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.

© medscope.com




1) Reduce cognitive symptoms

- Cholinesterase inhibitors, e.g., Aricept:

-3 -
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1) Reduce cognitive symptoms

- 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

Glutamate receptors

© Sinauer Associates 2012
S ssociates 20 EAAT= Excitatory amino acid transporter VGLUT= Vesicular glutamate transporter



Alzheimer’s Disease

1) Reduce cognitive symptoms

NMDA receptor antagonist

Mode of action:

Reduction of excessive excitatory glutamatergic neurotransmission

Memantine Selectively Blocks Pathological
Activation of NMDA Receptors

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

Cognitive
Rest Activity

Glutamate
& Magnesium
u Memantine

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




1) Reduce cognitive symptoms

- NMDA receptor antagonist, e.g., memantine:

A
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u N
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g 4.6
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s'c | | I 1
0 12 28 End
Week Point
No. at Risk
Memantine 126 107 97 118
Placebao 126 105 84 118
P value 0.03 0.06
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B
g 5 A
‘g A M t 1
>
a & emanting
a
o i
:_-_ -4 Placebo
f§ &
: 0
[a) - ]
. 1 1 1 1 1
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No. at Risk
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Placebo 126 117 106 84 123
P value 0.003 0.02

Improvement

Worsening

CIBC=Clinician’s interview based impression

of change

© New England Journal of Medicine
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2) Reduce pathologies — Focus on amyloid

APP

BACE
inhibitors

y-secretase
inhibitors

y-secretase
modulators

© Nature Reviews Drug Discovery
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2) Reduce pathologies — Focus on amyloid

Principle of antibody-mediated amyloid clearance

Microglia S .
AV 4> Antibody treatment:
il ; J“@} S Reduced progression of
- LW I L AD
Monomers S e, //) N é:dy'u‘::h'do‘:la Lo
N O
Qligomer /— i /
Fibnis

Dysfunctional and ¥

Amyloid B Plaque. .4 Dying Neurens

No treatment

TABLE. BINDING OF ANTIAMYLOID
MONOCLONAL ANTIBODIES TO DIFFERENT

Dysfuncticnal
Micreglia

SPECIES OF AMYLOID

Aducanumab  Plague Fibrils, none to oligomer

Donanemab Plague None

Gantenerumab ~ Plaque Fibrils>protofibrils, monomers

Lecanemab Protofibril Protofibrils, oligomers>fibrils, monomers

© cureus.com/Practical Neurology



2) Reduce pathologies — Focus on amyloid

- Lecanemab:
- Developed by pharmaceutical company Eisai
- Approved in 2023 (USA)
- Targets protofibril-to-plague transition

- Effects on Cognition: Amyloid burden:

Worsening Less amyloid
E E 10+ Placebo
£ & 04 * = -
B S8
c £ —-10+
o2 GE 20
=T & =
55 $ o —30-
= 25 o0
[T} —_— —
E --% ﬁ 5o Lecanemab
= P<0.001 at 18 mo :E. P<0.001 at 18 mo
Y 2 2.0 , ; ; : V" « -60 | I I |
0 3 G 9 12 3 6 12 18
Visit (mo) Visit (mo)
No. of Participants No. of Participants
Lecanemab 859  3M 798 779 765 Lecanemab 296 275 276 210
Placebo 875 340 323 313 779 Placebo 303 286 259 205

© New England Journal of Medicine 2023
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2) Reduce pathologies — Focus on amyloid

- Donanemab:

Developed by pharmaceutical company Eli Lilly

Approved in 2024 (USA)

Targets plaque deposition

- Effects on Cognition: Amyloid burden:
iADRS in combined population Iz] Adjusted mean change (95% Cl) in amyloid PET
0- 0- : —g— : 1
é: Donanemab
fé g 20+ Low/medium tau
ol & -5+ = A Donanemab
c v -—
% £3 S -40- A Placebo
o< < Combined
S|g= i ©® Donanemab
13 _10_ o.
] o -60- ® Placebo
o
< <
v -80 -
-15-1— : . . . ; .
0 12 24 36 52 64 76
Time after baseline, wk -100— T T T T T |
No. of participants 0 12 24 36 52 64 76
Placebo 824 805 767 738 693 651 653 ; :
Donanemab 775 752 712 665 636 579 583 Time after baseline, wk

© JAMA 2023



2) Reduce pathologies: Focus on Tau

- Hyperphosphorylation of tau protein leads to aggregation

Microtubule- Soluble Soluble tau Neurofibrillary
bound tau tau aggregates tangles

Clearance
activators

Kinase Aggregation
inhibitors inhibitors

- still in clinical trials

© Nature Reviews Drug Discovery



© Wiley 2024

verview clinical trials:

2024 Alzheimer’s Drug Development Pipeline
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Phases of Clinical trials:

PRECLINICAL CLINICAL RESEARCH
TESTING
I »

Laboratory tests 2 p

PROOF OF COMPARATIVE
CONCEPT EFFICACY

| Sl
=] Approval by medical
/\ | /i\ authorities

FINAL DAT? FOLLOWUP
ANALYSIS |

Biostatistical New therapy shown to
analysis be safe and effective
DOSE FINDING

‘O
e
-
=

Continuing testing

Determine medically ~ Therapy/drug is 3
compelling and continuously tested v
statistically for efficacy and
significant results ~ safety through

’ studies and
20-100 100+ 1000 + ;gairmn;coepidemiology

bograohicy: Commands Growp

20-100 healthy patients Over 100 diagnosed patients Over 1000 diagnosed patients
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Success rate of clinical trials:

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

Preclinical Phase 1 Phase2 Phase3  Registration

Success Rate For
Each Phase

304 194
3% B | | 5% @ | |12% S | (54% 3 | |83% <

Percent Calculated To
Achieve 1 Approval

O KMR Group, Inc.

© understandinganimalresearch.org.uk
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AD Diagnostics

- Goal:

‘Quantifying treatment Early, individualized
effect enables treatment with disease-
individualization modifying drugs at optimal
of regimen therapeutic index
Diagnostics and clinical
decision support inform Treatment-specific
likelihood of response prognosis
to treatment
, e = Nonspecific,
Differential diagnostics \
disease-specific specific diagnosis
pathophys:ology
~ Early detection Asymptomatic
Sensitive, not specific
' N story inform Screening Screen for ﬂSk Asymptomatic
‘P!ans and pnmary : Sensitive, not SpeCIﬁC
prevention strategies \

© Nature Reviews Drug Discovery



AD Diagnostics

- Diagnostic tools:

PIB PET

| ¥ %

- Cognitive assessments

- MMSE and other tests

Quantitative
MRI

- Brain-based biomarkers

- PIB PET
- Quantitative MR

- Fluorodeoxyglucose PET

Default network

- Blood based biomarkers

© 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 AB forms found in dense

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

- Problem: Amyloid plaques don’t necessarily predict AD
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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

- Fluorodeoxyglucose PET

- 18F-glucose

- Type of measurement: Neuronal activity

- The uptake of "8F-FDG is a marker for a tissue’s metabolism
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AD Diagnostics

Blood-based biomarkers

In CSF In blood

Amyloid plaques : I

s (AB, possibly pTau ) : E
- l(infAD )1
o0, E E
o°: °: ) E :
°6% ) : H
0® ) i :
Active microglia :
(cytokines, STREM2) m !
i i 7(insAD)1

Neurofibrillary tangle —_—> :

(pTav) ! i T(infAD) 1 ||

ol ‘s l Vascular function @ m@ ) . @
degeneration J 2} (PDGFRB) : T(insAD)1 ||
(NfL) . . : T(infAD)T § NfL
Extracellular matrix i : |
remodeling : : i
Reactiv astrocytes i i :
(GFAP) ; ; 1
Synaptic dysfunction : H ‘
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© Lancet Neurology 2022



pTau181 versus clinical diagnosis
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AD Diagnostics
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AD Treatment and Diagnostics Summary

- Open questions:
- Who to screen and when?
- Having a biomarker for the disease is not the same as having the disesae

- Follow-up studies needed, which are costly

- Clinicians with skilled expertise needed

+ Dementia testing; MRI scanning and interpretation

»The past five years have seen an exciting development in treatment

and diagnostic options!

- Nevertheless, more studies are still needed!
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How to study AD outside humans:

VX sy JAX® MICE SEARCH

Find your favourite mouse model



https://mice.jax.org/

Human
Alzheimer’s Disease

Normal
Aging

Preclinical -

Impairments in episodic memory b

Impairments in sematic memory >

Impairments in executive function & attention >

Impairments in visuospatial memory >

Impairments in verbal recall >

Impairments in general cognition )
L4

Normal
Cognition

Mouse Models of AD:
Cognitive Function

Impairments in recognition memory

v v

Impairments in reference memory

Impairments in associative learning

v v

Impairments in working memory

© Frontiers in Genetics
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How to study AD outside humans:

frontiers in REVIEW ARTICLE %
GENETICS doi: 1ugaawfge.{e_2m4_mnas

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'Z, Frederick A. Schmitt’? and
Linda J. Van Eldik'**

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

Z Dvision of Neuropathology, Department of Pathalogy and Labaoratory Medicing, University of Kentucky, Lexington, KY US4
I Department of Neurology, University of Kentucky, Lexington, KY US4

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



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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