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Dementia

Loss of memory and/or other mental abilities severe enough to interfere with daily life
Gradual loss of brain cells

Insidious, chronic and persistent

Alzheimer’s disease (~ 60-80%)
Vascular dementia

Parkinson’s disease

Dementia of the Lewy Bodies

Frontotemporal dementia

Huntington’s disease



Problems with language

Shopping list
Apple
~  Milk

H Difficulty performing familiar tasks

n Memory loss
#wq

Poor or decreased
judgement '

n Disorientation to
time and place

Misplacing things
D

warning signs
of dementia [k

n Problems keeping track of things

Withdrawal from work
or social activities
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Challenges understanding visual

n and spatial information

Changes in mood and behaviour

AZ

If these signs are new, they may be a sign of dementia.
Alzheimer’s Disease
International
The bl voie on domenta

Dementia is not a normal part of ageing.
Speak to your doctor or contact your dementia and Alzheimer association.
Alzheimer’s disease International: World Alzheimer’s Report 2021

www.alzint.org



Dementia: the scale of the problem

THE TOP CAUSES OF DEATH IN AUSTRALIA
OVER THE PAST FOUR DECADES

1977 1987 1997 2007 2017
1 Heart Heart Heart Heart Heart
disease disease disease disease disease
2 Cerebrovascular | Cerebrovascular | Cerebrovascular | Cerebrovascular | Dementia
disease (stroke) |disease disease disease and Alzheimer's
disease
3 Lung cancer Lung cancer Lung cancer Lung cancer Cerebrovascular
disease
4 Car crashes Lung disease Lung disease Dementia and | Lung cancer
Alzheimer's
disease
5 Lung disease Bowel cancer Bowel cancer Lung disease Lung disease
6 Bowel cancer Car crashes Dementiaand | Bowel cancer Bowel cancer
Alzheimer's
disease
7 Influenza and Breast cancer Diabetes Diabetes Diabetes
pneumonia
8 Breast cancer Suicide Heart failure Chronic kidney | Influenza and
disease pneumonia
9 Diabetes Diabetes Suicide Prostate cancer | Heart failure
10 suicide Prostate cancer | Breast cancer Heart failure Prostate cancer

Data: Australian Institute of Health and Welfare Note: Dementia was not listed as a cause of
death until 1979 and heart failure was not listed as a cause of death until 1997

All-age number of cases (millions)
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Lancet Public Health, 2022



Services and spending on dementia

623,300 scripts

$3 billion
$1.7 billion

Australian Institute for Health and Welfare: Dementia in Australia Report 2021



Alzheimer’s disease is defined by abnormal
deposits in the brain

Amyloid plaque Neurofibrillary tangle



Alzheimer’s Pathology imaging




Alzheimer’s disease natural history

B-amyloid plaque

-30 -10 -5 0 Death



How does discovery science work?
@ Hypothesis driven research
Amyloid hypothesis
@ Data driven research

My own research!



@ Hypothesis driven research

Hypothesis (noun). a supposition or
proposed explanation made on the basis

of limited evidence as a starting point for
further investigation.

Amyloid is present in the
brain

— Amyloid is toxic and
causes Alzheimer's disease




Amyloid is toxic and causes
Alzhiemer's disease

How do we test a hypothesis?



Amyloid is toxic and causes
Alzhiemer's disease

How do we test a hypothesis?

Using controlled experiments in a range of
models



How do we test a hypothesis?

Only test one thing at a time!

Using controlled experiments in a range of
models

Can we recapitulate
human disease?



Models to use Human Brain
in discovery

research
Non-human
primates
mice
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Neurodegenerative Preclinical Models

Generic cells

Cells Co-cultures
- Neurons
P
% = /" o'-'l'_.'o'c‘n
Advantages

+ Cost-effective
« Easily adaptable and augmented
« Direct way to study mechanisms
¢ Reproducibility

Disadvantages

« Not representative of in vivo
« Long-term studies more challenging
« Requires in vivo confirmation

Advantages and Disadvantages

Patient derived cells/tissues

Cultured Cultured
organoids tissue explants
‘../ 7~ ,,J = )
) @g)
\ ) |
Advantages

Long-term temporal studies

May recapitulate disease defects
Multicellular

More material to work with

Disadvantages

+ Not reproducible/high variability
« Lack of vascularization
« No peripheral immune components

In vivo models

Non-human primates, mice,
drosophila, C.elegans etc.

Advantages

Long-term temporal studies

More translational than cells alone
Multicellular studies

More material to work with

Disadvantages

Ethical concerns

High cost

Not reproducible

Not representative of human biology



Using controlled experiments in a range of

models
Humans and mice share a
high degree of genetic
similarity ~ 85%! Diet?
. Stress?
Why is human .
Genetics?
research so complex? (APOE phenotype)  Age
Sex
- ® Environmental Geographic
pollutants location
Co-morbidities / \\\\ Education
e Same genetic background /\ Sn )
¢ Same environmental conditions & " /
o Housing & 4 4
o Diet |
o Stress \
o Age ) \

o Sex \



How do we test a hypothesis?
Amyloid is toxic and causes Alzhiemer's disease

Testing in the Testing in animal Development
laboratory models of a drug




Lecanemab: antibody against amyloid

~— ... Microglia

_."'-.I;rn-:-lt.oﬁbril'& !‘ ™, -{ -q..,.

Fibrils ’..o-
e,

gy

-

“f } Yﬂligu mer .\ '""" Y

LEQEMBI
™~ % A enables

protofibril
and plagque
clearance by
microglia



Q

ABa2 protofibrils

o)

ABa42 protofibrils
+ mAb158

Testing a drug candidate in the lab

(nucleus) (astrocyte cell) (amyloid)
DAPI GFAP 6E10 Merge

Séllvander et al. Journal of Neuroinflammation (2018) 15:98



Testing a drug candidate in mice
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Lord et al Neurobiology of Disease, 2009



Drug development: The ultimate goal of discovery research

Anti-amyloid

/;‘-
drugs - Regulatory

Clinical trials approval




New drugs for Alzheimer’s disease
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Baseline One year

| Placebo

Current drugs are
3mg kg very effective at
lowering plaque

6 mg kg™’

10 mg kg™




Trial Effect
95%CD
Trial and drug specific estimates
Bexarotene *
Solanezumab-1 & 2 L —
Solanezumab-1 & 2 (extension) +*
Solanezumab-3 +
LY450139-1 *
LY450139-2 *
Gantenerumab ——
Bapineuzumab-1 —_——
Bapineuzumab-2a: APOE-e4 carriers --
Bapineusumalb-2l: APOE-s4 nun-cariers —-*-
Verubecestat-1 ——
Verubecestat-2 ——
BAN2401 »
Aducanumab-1 *
Aducanumab-2 *
All Verubecestat -
All Solanezumab *
All Bapineuzumab &
All Aducanumab *
% -3 ) 3 6
Pooled estimates :
All data -
All antibody data -
All published data ——
All published antibody e
.08 -04 0 04 08
Amyloid Amyloid
reduction reduction
harmful helpful

Ackely et al, BMJ, 2021

Effect
95%CD

21069t 2.7
31(241t08.6)
48(-33t042)
49(-31t013)
-0.04(-0.24 10 0.16)
4.6 (-46to 55)
0.26(-1t0 1.5
-1(-2.8t0 0.75)
0.2 (-0.76t0 0.37)
-0.26 (-0.96 L 0.44)
1.2(-0.073 to 2.6)
0.59(-1.7t0 0.52)
0.19(-0.038 to 0.42)
0.18(-0.058 to 0.42)
-0.014(-013t0 0.1
0.25(0.61t01.1)
49(-29t013)
0.3 (-0.76t0 0.16)
0.024 (-0.081t0 0.13)

0.034 (-0.056 t0 0.12)
0.044 (-0.05t0 0.14)
-0.077(-0.341t0 0.19)
-0.28 (-0.74 10 0.19)

But do these drugs
improve cognition?



Worsening

Adjusted Mean Change from

Baseline
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ARIA: Amyloid related Imaging Abnormality

Immunotherapy-induced ARIA

gantenerumab

e Asymptomatic or symptomatic

e Can be severe: Deaths of several
people attributed to ARIA

e Long-term clinical significance
uncertain

ARIA-E ARIA-H

Severity: Area/number — often only
reported as % prevalence




Will therapy lead to long term benefit?

Worsening
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Kim et al., Sci Rep,

2020
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Kim et al., Sci Rep,
2020




What is the long-term benefit of anti-amyloid drugs?

CDR-SB - Overall Population
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What is the long-term benefit of anti-amyloid drugs?

CDR-SB - Overall Population

Adjusted Mean Change from
Baseline (+SE) in CDR-SB
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What is the long-term benefit of anti-amyloid drugs?

CDR-SB - Overall Population
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Anti-amyloid drugs in the approval process

aducanumab lecanemab donanemab
USA Withdrawn Approved Approved
EU Rejected recommended Under
consideration
UK Rejected Approved Approved
(not reimbursed) (not reimbursed)
Aus Rejected Rejected Under

consideration



Alzheimer’s disease natural history

B-amyloid plaque

-30 -10 -5 0 Death



Data driven research

Star‘t Human
- brains

Unbias - what does large
amounts of data tell us we
should look at?
e Measure lots of
things from lots of
people!




Data driven research: Omics technology

"-omics”is used to denote fields of study that focus on the
complete or total set of a specific type of
biological molecule or process

RNA S NS \S"\ Transcriptomics

Protein ' Proteomics

| 7 0
D—P—D\)I\/DH
|_
o
o]

Metabolite o} . i o Metabolomics

o]



Data driven research: Omics technology

-omics”is used to denote fields of study that focus on the
complete or total set of a specific type of
biological molecule or process

RNA  \/ \/"\ Transcriptomics

Protein ' Proteomics

Metabolite o+ . I o Metabolomics

o]




The Cohort: Memory and Aging project

/ each line represents one person - total of 625!
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Data driven research - My own research!

>3000 proteins!
. u. ... .. ..,‘..
..5,' :’.",../" [
— . 3G
n=625 PR
Proteomics BRI A
Human Sentng,
Il

brains

What does a complete view of all the
proteins in the human brain from
a large cohort tell us we should investigate?



...3111 proteins from 625 people - now what?

>3000 proteins!
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...3111 proteins from 625 people - now what?

Bioinformatics - A field of science that uses
computers, databases, math, and statistics to collect,
Store, organize, and analyze large amounts of
biological, medical, and health information.

= making sense of large datal!

Weighted gene co-expression network analysis
(WGCNA)



Weighted gene co-expression network analysis
(WGCNA)

Clusters proteins into functional units ‘cliques'’
which can be ascribed biological functions




Weighted gene co-expression network analysis
(WGCNA)

Clusters proteins into functional units ‘cliques'’
which can be ascribed biological functions
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Weighted gene co-expression network analysis
(WGCNA)

Neuronal
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Jmepesey ™ TOP AD Module s

Hub proteins:
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Energy
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Hub proteins:

Hub proteins:



We should look into mitochondria changes
(AKA. energy production)
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A data driven Human Brain

approach
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TOP AD Module

Mitochondria

Test in vitro!

Cell
culture
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Cells
- Neurons Targeting energy production to prevent

neuronal cell death
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Cells
- Neurons

Prior
knowledge

!

!
P
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neuronal cell death
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Targeting energy production to prevent

Calcein AM (% Basal)

-8~ Vehicle - Vehicle + LPX
1004 @ Antimycin A -4 Antimycin A + LPX

75 *

50

RSL3 (uM)

Low energy production = increased cell death!
Can we create a drug to increase energy and prevent
cell death?



Cells
- Neurons

Therapeutic strategy: Increase ATP/Energy

ATP- liposome
“" 250 =1 Empty liposome
""""" mm ATP liposome
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B 450
Energy =
o
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ATP GSI-I V'ablllty
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A data driven Human Brain

approach
TOP AD Module
Mitochondria
Drug
candidate

Test in vitro!

Cell
culture

Co-cultures

-------



New drug trials
for Alzheimer's
disease

2024 Alzheimer’s Drug Development Pipeline

Z=
Mechanism of Action (color)

. Amyloid

=3 Apot, Lipids and Lipoprotein Receptors

3 Epigenetic Regulators

R Growth Factors and Hormones

£ Inflammation/Immunity

B Metabolism/Bioenergetics

=0 Proteostasis/Proteinopathies

E=3 Synaptic Plasticity/Neuroprotection
. Tau

. Vasculature

B Other

&

Subject Characteristics (shape)
A Healthy Volunteers

V precinical

@ prodomal / Prodromal-Mild

I Mild- Moderate Dementia

. Severe Dementia

Cummings et al Alz&Dem Translational Research & clinical interventions, 2024
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Erhase 1
Elrhase 2
O rhase 3

New drug trials _ cewmis

APOE, Lipids and Lipoprotein Receptors 4020

for Alzheimer's =
disease i —

12 14 18
MNumber of Agents

Cummings et al Alz&Dem Translational Research & clinical interventions, 2024



Modifiable Risk Factors

Undertaking regular Keeping mentally Eating a healthy, Reducing your
physical activity stimulated balanced diet alcohol intake

X
MM w

o %

A\l

an B
Maintaining an active Maintaining a Quitting smoking Managing health
social life healthy weight conditions

Australian Institute for Health and Welfare: Dementia in Australia Report 2021
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