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What do these diseases have in common?

.. Prion disease
«+ 1 Location: diffuse cortical
J Macro: cerebral atrophy
Micro: spongiosis, PrP deposits

FTD ;"_‘: msa AD
Location: frontotemporal e Location: temporoparietal
Macro: cerebral : : @/ Macro: cerebral atrophy

Micro: tau deposits, lgk bodles

Macro: pallor of substantia nigra
Micro: Lewy bodies

o Sa
Location: basal ganglia

Macro: necstriatal atrophy
Micro: neuronal loss and astrocytosls

ALS
Location: motor cortex, brainstem, spinal cord
Macro: atrophy of motor neurons and muscles
Micro: inclusions (Bunina bodies, Lewy body-like)

Lars Bertram, Rudolph E. Tanzi, J Clin Invest. 2005;115(6):1449-1457. doi:10.1172/JC124761.
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 Azheimer'sDisease
Alzheimer’s Disease

- Alzheimer’s Disease (AD) “is an irreversible, progressive
brain disorder that slowly destroys memory and thinking
skills and, eventually, the ability to carry out the simplest
tasks. It is the most common cause of dementia in older
adults. While dementia is more common as people grow
older, it is not a normal part of aging” National Institute of
Aging

Illustration courtesy of the Alzheimers Disease Education and
Referral Center, a service of the National Institute on Aging

Normal Alzheimer's
- AD causes deterioration of brain nerve cells and

ultimately death.

- The deterioration is caused by:
- Severe neurodegeneration (i.e., neuronal loss).
- Build up of abnormal substances called amyloid plaques.

- Build up of abnormal substances called neurofibrillary
tangles.




Alzheimer’s Disease

Prevalence

PREVALENCE OF ALZHEIMER'S DISEASE
(BY DECADES IN U.S.A. FROM 1900-2050)
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. AlheimersDisease
Impact of AD

- AD is the 7th leading cause of death in the U.S. (Heart Disease is #1)

- Length of the disease is 3 — 20 years (average 9y)

- By 2029 all Baby Boomers (1946-1964) will be at least 65 — 10 million of
the 78 million are predicted to develop AD.

- 2010 Cost of Care is estimated at $172 billion (Healthcare and Long
Term Care)

- Other economic costs:

- Cost to businesses — lost work time, absenteeism, leaves of absence,
quitting work.
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Auguste Deter

© Neyidlogieal Sciences b @ "~ 1851-1906



Alzheimer first met his now famous patient, Mrs Deter,
on November 26, 1901. She had been admitted the day
before to municipal mental asylum in Frankfurt. She was
sitting on the bed with a helpless expression. According to
the husband, the couple had been harmoniously married
since 1873, but he had recently noticed a gradual decline in
his wife. Her symptoms began at age 51 vyears. For
8 months she had been developing progressive changes in
her personality. She presented with ideas of jealousy
toward her husband, a rapidly worsening memory weak-
ness and pronounced psychosocial impairment; sometimes
she felt that someone wanted to kill her and began to shout
wildly. At the clinic, she was disorientated to time and
place and confused. Over time, her state generally wors-
ened. Her speech became completely unintelligible. In her

final year, she was totally apathetic and spent most of her
time in bed with legs pulled up.

© bfs-sozialpflege.net

Auguste Deter
1851-1906
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““what is the relationship between-
@ protein aggregation ands
neurodegeneration?”
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Symptomatology

Memory loss/
changes in memory
Forgetting words or
substituting

Difficulty performing inappropriate words

familiar tasks/ routine
chores

Problems in
speaking, reading,

Drastic changes in Sym ptOmS writing and

personality

understanding

Alzheimer’s

Misplacing things Disorientation to
in inappropriate time and place
places

Problems with Poor or decreased
abstract thinking judgment

© www.Senior-Care-Resources.com



Alzheimer’s Disease

What is the difference between Dementia
and Alzheimer’s disease?

Alzheimer’s

Unknown cause

“Amyloid cascade hypothesis”
is most widely discussed and
researched hypothesis today

Irreversible

There are no drugs that can cure
Alzheimer’s, we can only
improve symptoms or slow
progression

Dementia

Many causes

Diseases, stroke, thyroid
issues, vitamin deficiences,
reactions to medications, and
brain tumors

Potentially reversible

some forms of dementia can
be reversed and managed,
such as those caused by
drugs/alcohol & metabolic
disorders

https://www.kindlycare.com/dementia-vs-alzheimers/

Dementia is a syndrome in
which there is deterioration in
memory, thinking (beyond what
might be expected from normal
ageing), behaviour and the
ability to perform everyday
activities. WHO

Dementia is one of the major
causes of disability and
dependency among older
people worldwide.

Dementia has physical,
psychological, social, and
economical impact on carers,
families and society.

http://www.who.int



Reversible Dementia

Reversible Irreversible

-Depression -Alzheimer's Disease
-Infections -Vascular Dementia or
-Medication/Drug Interaction Multi-Infarct
-Hydrocephalus -Frontotemporal Demenfia
-Vitamin/Mineral Deficiencies -Parkinson's Disease
-Hypo/Hyperglyce mia -Creutzfeldt-Jakob Disease

-Lewy Body Disease
-Huntingfon's Dise ase




Mini mental state
examination test

© https://clinicalexamprep.files.wordpress.com

Name:

MINI MENTAL STATE
EXAMINATION
(MMSE)

DOB:

Hospital Number:

One point for each answer DATE:
ORIENTATION R e /5 sl D sisil D
Year Season Month Date Time
Country Town District Hospital Ward/Floor | ... /5 il 5 -
REGISTRATION
Examiner names three objects (e.g. apple, table, penny) and asks the /3 /3 /3
patient to repeat (1 point for each correct. THEN the patient learns |
the 3 names repeating until correct).
ATTENTION AND CALCULATION
Subtract 7 from 100, then repeat from result. Continue five times: | ... /5 aif D e
100, 93, 86, 79, 65. (Alternative: spell “WORLD” backwards: DLROW).
RECALL /3 /3 /3
Ask for the names of the three objects learned earlier. | 77
LANGUAGE /2 /2 /2
Name two objects (e.g. pen, watch). | 7
Repeat “Noifs, ands, orbuts”. | .. /1 o 1 e
Give a three-stage command. Score 1 for each stage. (e.g. “Place /3 /3 /3
index finger of right hand on your nose and then on your leftear”). | ™
Ask the patient to read and obey a written command on a piece of /1 /1 /1
paper. The written instruction is: “Close your eyes”. | 77
Ask the patient to write a sentence. Score 1 if it is sensible and has a
e S0t A = /1 ssaf wafd
subject and a verb.
COPYING: Ask the patient to copy a pair of intersecting pentagons
...... /1 vl 1 w1
TOTAL: e/ 30 | ... /30 | .. /30

MMSE scoring

24-30: no cognitive impairment
18-23: mild cognitive impairment
0-17: severe cognitive impairment




Alzheimer’s Disease

Cognitive decline

©
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Years From Diagnosis

MMSE: MinkMeantal State Examination

© http://www2f.biglobe.ne.jp



Stages of cognitive decline @

- Mild or Early Stage (Mild cognitive impairment)
- Friends, family or co-workers begin to notice deficiencies:
- Word finding problems
- Decreased ability to remember names
- Performance issues in social or work settings
- Reading a passage and retaining little material
- Losing or misplacing a valuable object

- Decline in ability to plan or organize



Stages of cognitive decline g <=

A PP

- Moderate or Middle Stage

- Major gaps in memory and deficits in cognitive function emerge.
- Assistance with day-to-day activities becomes essential.
- Deficits include:
- Inability to recall important details such as their current address, their telephone
number.
- Confused about where they are or about the date, day of the week or season.
- Need help choosing proper clothing for the season or the occasion.

- May have increasing episodes of urinary or fecal incontinence and need

assistance with toileting and personal care.



Stages of cognitive decline {iF 8

A PP

- Moderate or Middle Stage

- Lose most awareness of recent experiences and events as well as of their

surroundings.
- Tend to wander and become lost.
- Experience significant personality changes and behavioral symptoms.

- Including suspiciousness and delusions (for example, believing that their

caregiver is an impostor)
- Hallucinations (seeing or hearing things that are not really there)

- Compulsive, repetitive behaviors such as hand-wringing or tissue shredding



Stages of cognitive decline @

- Severe or late stage
- Need full assistance with eating and toileting; general incontinence.

- Frequent loss of recognizable speech, although words or phrases

may occasionally be uttered.
- Reflexes become abnormal and muscles grow rigid

- Individuals lose the ability to:
+ walk without assistance
« sit without support
* hold their head up

+ swallowing
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Alzheimer’s Disease

Pathophysiological hallmarks

1) Neuronal loss: Healthy Brain AD Brain

- Retraction (shriveling) of the
cortex: Damaging areas
involved in thinking, planning
and remembering.

- Shrinkage is especially
severe in the hippocampus, - cohrinkage of

Cerebral

a brain area that plays a key Cortex

Enlarged

role in formation of new ‘ WP Ventricles

memories.

- Ventricles (cerebrospinal
fluid-filled spaces within the Shrinkage of

Hippocampus Hippocampus

brain) grow large

© coloradodementia.org



~ AgheimersDisease
Pathophysiological hallmarks

2) Amyloid plaques
= extracellular aggregates of 3-amyloid
3) Neurofibrillary tangles

= intracellular accumulation of Tau protein

© BrightFocus Foundation



Memory test and PET Scans can
help detect early signs of
Alzheimer's disease

BRAIN SCANS HELP IDENTIFY ALZHEIMER'S

PiB PET SCANS

ALZHEIMER'S University of Pittsburgh
e o it o erars PET Amyloid Imaging Group

n l 1 1€ ht is from a

lrﬂEN ion Tomogra

Healthy volunteer AD patient

:‘,f\ | %Y 3». (7‘ 5
& @) | '3
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Low High

d Referral Center, National

Tau Imaging- Karolinska Inst




Amyloid Cascade Hypothesis

- Changes in Ap metabolism
. InaeasehtpotalABproducﬂon
. in the AB42/AB40 ratio

~ Soluble forms of
oligomeric Ap . | ? > Ap plaques

Dementia with plaque and tangle
[patholoy J

2013

2007
The amyloid (AB) cascade hypothesis (Haass and Selkoe, 2007). Nature Reviews Neurology 9, 677-686 (2013)




Inside Alzheimer’s Disease

Nature Neuroscience

Animation by Fusion Medical Animation

Produced with support of a grant from

https://www.youtube.com/watch?v=zTd0-A5yDZI




~ AgheimersDisease
Pathophysiological hallmarks

- 1 CSF Tauand pTau
Biomarkers and AD: _
proposed changes in
biomarkers in relation to
time course of pathological

and clinical stages

Biomarkers

Gondtlcpndlspodﬂon (e.g. SNPs, APOE allele, etc)

Neuronal integrity

Max

Pre-clinical’ AD, “Amyloid
plagues, and subsequently,

NFT, accumulate for ~10-15
years before the synaptic

and neuronal loss they
accompany manifest as
cognitive decline” Min

Neurofibrillary tangles

© Nature Perrin RJ et al., Nature 2009




Progression from normal aging to
Alzheimer’s disease or another dementia

Preclinical
MCI

» Cognitive changes
are of concern to
individual and/or family

+ Silent phase: brain
changes without
measurable symptoms

* Individual may notice
changes, but not
detectable on tests

* One or more cognitive
domains impaired

significantly
* “A stage where the

patient knows, but the
doctor doesn’t”

* Preserved activities of
daily living

<+«—— Cognitive Decline

Normal Aging Everyone experiences slight cognitive changes during aging

Mild
Moderate
: Moderately
Dementia Severe
» Cognitive

impairment severe
enough to interfere
with everyday abilities

Severe

Time (Years)

https://www.mind.uci.edu/dementia/mild-cognitive-impairment/



Cognitive decline and brain pathologies

A major problem in AD!

Brain
atrophy

; Cognitive
§ ; decline
Amyloidiload , i
| E Memory
Healthy Healthy MCI MCI Alzheimer's time
PiB+ amnestic  multi-domain

© https://bragqut.wordpress.com/




Cognitive decline and brain pathologies

Tau pathology

MCI

Stage Asymptomatic Dementia
Diagnosis Impossible With Clinical
markers (NINCDS-ADRDA

criteria)

Entorhinal
3 cortex atrophy
& Hippocampal
E atrophy
o
Q.
E
Temporal
neocortex

-20 -15 -10 -5 0 5
© Nature 50 55 60 65 70 75

10 Years from AD diagnosis
80 Age




| AheimersDisease
Development of brain pathologies

- Braak and Braak Stages: |-VI

- Based on spreading of neurofibrillary tangles

© Future Medicine Ltd M Jucker & LC Walker Nature 501, 45-51 (2013) doi:10.1038/nature 12481
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Amyloid Plaques: Neuropathologic and genetic evidence

»aﬂ’z‘r"w
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APP

secretase
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lo !Lque !ormall‘on Amyloid Plaque Formation

SAPPB _ _ _
Not neurotrophic Generation of B-amyloid protein
SAPPa.
Neurotrophic and
Neuroprotective APP
39 42 Ollgomers Amyloid Plaques
g {{{
— b}
p3 o.
_
Y Y
— —
APP=Amyloid precursor protein
sAPP=soluble APP
AICD CTF=C-terminal fragment
cs3 APP c99 AICD AICS=APP intracellular domain

—
Generation of 3-amyloid protein:



The process of Amyloid Formation plays is the
primary cause of neurodegeneration in Alzheimer’s Disease.
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. AzheimersDisease
The [-amyloid cascade hypothesis

Neuron
i death
Inflammation,
. oxidative
‘Amylmd damage and
plagques NETs

“as,,

APP



Alzheimer’s Disease

Mechanisms of Protein Aggregation
Induced Toxicity and Neurodgeneration

RS oz 1=t = [ —

D>

Monomer-dimer-tetramer il
Impairment Membrane
of the UPS Disruption

Transcriptional

Golgi
gl dysregulation

fragmentation

Oxidative Mitochondrial
Stress Axonal transport deficits

deficits




The [-amyloid cascade hypothesis

APP
PSEN1 and/or PSEN2 @® . 1 < ® APP FAD mutations
FAD mutations Trisomy 21

Soluble forms
of oligomeric A
[ —

?]342 aggregatio: —

— — ‘?/ L :‘l \ Deposited

[ amyloid-3
peptide

< >

D’HF formatiorj

\

Ileuronal dysfunction and dea_:lil

© Nature Reviews Drug Discovery



Alzheimer’s Disease

Validity of 3-amyloid cascade hypothesis

20-30% of healthy elderly also have amyloid deposits

Not all (familial) AD cases show amyloid deposits

amyloid-negative
Cognitively
Ty
’ \ ’ ' ; ! .. - ’ . -
.’ 3 .

normal
elderly
amyloid-positive

symptomatic
Familial AD

asymptomatic

© Neuroimage
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| AheimersDisease
Pathophysiology: Tau Tangles

Microtubule-
bound tau

Unbound
phosphorylated tau species

»

Phosphotau

Vesidle W 5 /—\ Hyperphosphorylation

=\

Phosphorylated tau
g aggregation intermediates

Tau
protein

Microtubule

Stable hyperphosphorylated Functional
tau filaments (64 kDa) deficits

Jason Enksen

© Nature Medicine



- AlzheimersDisease
Pathophysiology: Effect of Tau Tangles

Tau aggregation/hyperphosphorylation
Decreased MT-bound tau
MT depolymerization
Impaired axonal transport

Stasis and aggregation of axonal traffic
Synaptic dysfunction

Axonal degeneration and disconnection |

o Vesicles

W Pathological aggregates of
PHFtau as amyloid fibrils

Ann Thomson

© Nature
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Correlation of tangles with AD"

A maijor problem in AD!

N | integrit
Max. euronal integrity

Amyloid plaques

Neurofibrillary tangles
Min.

AD
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The genetic epidemiology of
neurodegenerative disease

The risk spectrum predisposing to Alzheimer’s disease as one continuum

Nan

Mendelian genes Genetic risk factors Nongenetic risk factors

QN o o w o~ o o c o
&0 = 8 B g
W <<Ww o - o |
O B S 3
a Q < g et
-c R and
0w
o)
e 1

« 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:

Source: Lars Bertram, Rudolph E. Tanzi, J Clin Invest. 2005;115(6):1449-1457. doi:10.1172/JCI24761.




Alzheimer’s Disease
Genetic risk factors for AD

an

Mendelian genes Genetic risk factors Nongenetic risk factors

?
?
?

Education
Head trauma

- Deterministic Genes/Early Onset :
= Directly cause a disease, guaranteeing that anyone who inherits
them will develop the disorder.
- Rare genes that directly cause Alzheimer’s in only a few hundred
extended families worldwide.
- This type is known as “Familial Alzheimer’s disease”, and many

family members in multiple generations are affected.

- BUT: True familial AD accounts for less than 5% of the cases.

http://www.alz.org



ﬁ Inflammatory
genes

Genetic risk factors for AD

«—N\‘

- Deterministic Genes/Early Onset: s oo
- APP FAD mutations %E% ]H_;H¥ 1

BACE1

cytoplasmlc PS/y-secretase ,\’\

- Mutations in PSEN1 and/or PSEN2: .
T

nucleus XK XK XK

Radial glial  Astrocytic |nflammatory
fate (NPC) genes genes

i

Astrocyte fate
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| APP_
PSEN1 and/or PSEN2 Ol 1 ® APP FAD mutations
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Alzheimer’s Disease

Genetic risk factors for AD

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.
Everyone inherits a copy of some form of APOE from each parent.

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.

http://www.alz.org



APOE4 is the strongest genetic risk factor for
patients with late-onset Alzheimer’s disease

Survival Curve

1007
80™
- APOE4/4
60" homozygous APOE4

heterozygous

~530,000

US population

== ( ApoE4 with Alzheimer’s Disease Lw
1 ApoE4 non-APOE4
== 2 ApoE4

T T T T T
60 70 80 90

Age at Onset (years)

S
S

Alzheimer Cases (% of total)
1)
(—}

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 phospho-lipid
between cells.

© pharmakologie.wordpress.com Liao et al. 28, 1, February 2017 https://alzheon.com



Convergence of genetic risks points to a
common disease mechanisms

Amyloid Precursor Protein (APP) - 1987 APP mutations

- / l

Increased AB42/AB40 44 Perturbed

Presenilin-1 (PS-1)- 1992 il

> ’1 : >
a ' 8
. 3 i Toxicity 1 §
Presenilin-2 (PS-2)- 1993 § AB oligomerization : 3
i / " Toxicity E 3
< - 4 ; f';"
. . ) ) s e j
Apolipoprotein E4 (APO-e4) - 1993 o
Table 1
Overview of established neurodegenerative disease genes
Disease Gene (first ref.) Protein Location Inheritance Relevance to pathogenesis
AD APP (15) AB precursor protein 21921 Dominant Altered Ap production (Ap:2/ABe ratio 1) and aggregation
AD APOE (21, 22) Apolipoprotein E 19913 Risk factor Unknown (Ap aggregation? lipid metabolism?)
AD PSENT (16) Presenilin 1 14924 Dominant Altered AB production (ABs/Aps ratio 1)
AD PSEN2 (17, 18) Presenilin 2 1931 Dominant Altered Ap production (ABs/Apas ratio 1)




Alzheimer’s Disease

Familial vs sporadic AD

Genetics of Alzheimer’s Disease

Early Onset (<65)

Chrm21 Chrm14 Chrm1

PS1 PS2
Presenilins

Familial Alzheimer’s Disease

Mutations, Rare
Often Autosomal Dominant Genes
Large Effects (i.e, causative genes)

© neuroamer.files.wordpress.com/

Late Onset (>65)

10+ Loci

l

CLU CD33
CR1 MS4AGA

APOE PICALM  CDPA2
BIN1 MS4AGE

ABCA7 SORL1

Sporadic Alzheimer’s Disease

SNPs, Common
Risk Factor Genes
Small Effects




Genetic risk factors for AD: A case of sporadic AD

Effect of FAD mutations/APOE4 genotype

Dementia

Familial AD
(FAD)

Sporadic AD
(FAD)

Normal

180
I
Age of onset Death Age of onset Death

Familial Alzheimer's disease (FAD) mutations and the apolipoprotein E4 (APOE4) genotype is to
decrease the age of onset of the disease, with little evidence for an effect on disease duration.

© Nature Reviews Drug Discovery Nature Reviews Drug Discovery 10, 698-712



~ AlzheimersDisease
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



© Nature Reviews Neurology

Risk factors for AD
- The dynamic polygon hypothesis:

a The amyloid cascade hypothesis b The dynamic polygon hypothesis
Neurofibrillary
Missense mutations in APR PS1 or PS2 genes & tangles
N
N
Increased AB,, production and accumulation \O\OQ \

AB,, oligomerization and deposition as diffuse plaques

£/ S
Subtle effects of AR oligomers on synapses _§ / \
* a° Cognitive
Microglial and astrocytic activation §° impairment

(for example, by complement factors, cytokines) @

Mild
Progressive synaptic and neuritic injury

Altered neuronal ionic homeostasis; oxidative injury

Altered kinase and phosphatase activities —= Tangles -

Widespread neuronal and neuritic dysfunction
and cell death with transmitter deficits

Alzheimer disease Stroke
» Early-onset dementia results from toxicity associated with aggregation of plaques and
tangles (although not necessarily in a linear fashion)
« Late-life dementia, on the other hand, is considered to be a more complex disease
* In this model, plaques and tangles are two components among a larger set of factors that
modulate synaptic density and the size of the cortex and hippocampus, cognition and
quality of life.

Fotuhi et al., Nature Reviews Neurology 5, 649-658 (2009)



Let’s see how much you
can remember



How many of these
young women, shown
here in their 20s during
World War I, might have
Alzheimer’s disease
today?

A) 1
B) 2
C)3




Alzheimer's disease is considered a terminal illness.

- True
- False



Alzheimer's disease can be diagnosed by a blood test.

- True
- False



When can a definite diagnosis of Alzheimer's disease
be made?

A) At the onset of AD
B) After death of the patient

C) When all signs and symptoms are present
D) At the first sign of dementia



How often can Alzheimer’s be accurately diagnosed?

A) 10 percent of the time
B) 50 percent of the time
C) 90 percent of the time
D) Almost never



Alzheimer's disease can be cured if detected early

- True
- False



Which is the primary trigger AD pathology?

- Amyloid Plaques
- Neurofibrillary Tangles
- Both



Which of the following pathways leads to production of
amyloid-beta, amyloidogenic pathway?

- Sequential APP cleavage by a and y secretases
- Sequential APP cleavage by a and [3 secretases

- Cleavage by y secretases



Alzheimer's disease can resemble the early stages of

A) Schizophrenia

B) Parkinson’s disease
C) Multiple Sclerosis
D) Down Syndrome



Sleep deprivation increase the risk of developing
Alzheimer’s disease

- True
- False



Sleep deprivation is sufficient to increase Amyloid-[3
levels and accumulation and may increase the risk of AD

p-Amyloid accumulation in the human brain after one
night of sleep deprivation

Ehsan Shokri-Kojori®', Gene-Jack Wang®', Corinde E. Wiers?, Sukru B. Demiral?, Min Guo?, Sung Won Kim?,
Elsa Lindgren?®, Veronica Ramirez®, Amna Zehra?, Clara Freeman®, Gregg Miller®, Peter Manza®, Tansha Srivastava®,
Susan De Santi®, Dardo Tomasi®, Helene Benveniste, and Nora D. Volkow®"

®Laboratory of Neuroimaging, National Institute on Alcohol Abuse and Alcoholism, National Institutes of Health, Bethesda, MD 20892; bpiramal Pharma
Inc., Boston, MA 02108; and “Department of Anesthesiology, Yale School of Medicine, New Haven, CT 06510

Edited by Michael E. Phelps, University of California, Los Angeles, CA, and approved March 13, 2018 (received for review December 14, 2017)

‘.\

Brain Beta-Amyloid (PET)

Rested Sleep
Deprived

Hippocampus

Parameters assessed: Amyloid load and Mood
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Alzheimer’s Disease — Overview
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Therapeutic targets in the treatment of Alzheimer’s disease
according to neuropathological hallmarks
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Hung et al., Journal of Biomedical Science201724:47



Treatment approaches for AD:

-

- 2 types of FDA approved drugs against cognitive symptoms

- Cholinesterase inhibitors
- Prevent the breakdown of acetylcholine, a chemical messenger important
for learning and memory.
* Donepezil (Aricept)
 Rivastigmine (Exelon)

+ Galantamine (Razadyne)

* Tacrine (Cognex)

- NMDA receptor antagonist:

- Maintenance of glutamatergic synaptic transmission, thereby increasing
learning and memory capacities

* Memantine (Ebixa)



Question 1

Studies on AR aggregation plays a central role in the pathogenesis of
Alzheimer’s disease. Propose different strategies for the treatment of
AD based on targeting this pathway.

_ Amyloid Plaques
normal protein iy

monomer

e

W -

protofibrils

([

amyloid
fibrils




- AlzheimersDisease
AR pathway and the amyloid hypothesis

IN Alzheimer’s disease

- Inhibition of AB production by B-secretase (BACE)
inhibitors

- Inhibition of AB production by y-secretase inhibitors or
modulators

- Enhancement of AR clearance by active immunotherapy
- Enhancement of A3 clearance by AB degrading enzymes

- Inhibition of AB aggregation and toxicity



AMYLOIDOGENIC
Amyloid Plaque Formation
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Inhibition of § secretase

NRG 1 type IIl

B —r Lumen

Highlights
e The AD-linked protease BACE1 cleaves APP to produce toxic
B-amyloid peptides

e BACET1 also cleaves the non-amyloid substrates NRG1 and
L1

e BACET1 cleavage of NRG1 and L1 is endocytosis-
independent, unlike the cleavage of APP

e The endosomally targeted BACE1 inhibitor spares NRG1 and
L1 but inhibits APP processing

Cell Reports

Article

Specific Inhibition of B-Secretase Processing of the
Alzheimer Disease Amyloid Precursor Protein

Graphical Abstract

Authors

Saoussen Ben Halima,
Sabyashachi Mishra,

K. Muruga Poopathi Raja, ...,
Christian Haass, Amedeo Caflisch,
Lawrence Rajendran

Correspondence
rajendran@bli.uzh.ch

In Brief

Ben Halima et al. demonstrate the
feasibility of designing drugs targeting
the Alzheimer-related enzyme BACE1
without affecting its physiological
function. Using structural, biochemical,
and cellular approaches, they show that
BACE1 inhibitors can be designed to
specifically inhibit its disease-causing
activity, enhancing their potential as
therapeutics without undesired side
effects.

Inhibition of BACE1 alters maintenance of muscle spindles and impairs synaptic functions



Inhibition of y secretase

APH1(|

___v?
h A

/" 4,
\v v‘r‘\ | Ce%
X)) -
m | I -

ol

UNicastrin
e

e e®

L L1 l_l |

HPresenilin
ey -

Figure 2 - Gamma-Secretase Complex
(Parks. 2007)

DSL cell APP: Amyloidogenic pathway
JAGGED (1,2) - ' .

DELTA (1,3,4)
app  ABoligomers

Notch gene translation =

Proteolytic processing
of APP and Notch.



Clinical trials of treatments based on reducing
AP levels and aggregation in AD

1- Modulating APP processing and AP levels AR
|- NSAIDs g _}A
ll- Secretase Inhibitors S lana s
Brain
2- AB vaccine (Elan/Wyeth) g3t

O

e .
el

3- Enhancing AB degradation (IDE, NEP, CEC)

4- Inhibiting AB Aggregation (Neurochem)




Immunization of PDAPP Mice with AB,, Prior
to Plague Pathology

Schenk D. et al (1999). Nature 400: 173 - 177



Immunization of PDAPP Mice with A3,
After Plague Fromation

Schenk D. et al (1999). Nature 400: 173 - 177



Passive Immunization
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Antibody-mediated amyloid clearance:

a Microglia mediated b Direct resolution ¢ Peripheral sink d Blockade of toxic oligomers

& A YW 4
f§§

./ Antibody
4l

Amyloid
deposit

Blood-brain _© o ©
barrier 000

~ ~

\_/

Peripheral clearance

© Nature Reviews Drug Discovery



Possible brain AR clearance mechanisms.
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AP degrading enzymes

- Neprilysin (NEP)

- Insulin Degrading
Enzyme (IDE)

- Endothelin-
converting
enzyme.

- The levels of
Neprilysin and IDE
are are decreased
with again and in
AD brains,
respectively.

APP

APP
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~ Aizheimer'sDisease
Animal Models of AD

Tg2576
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¥ | | ¢
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Increasing along the time

Cuadrado-Tejedor et al., Front. Neurol., 29 September 2014



AR plaque burden was significantly decreased in the
2xXIDE+APP and 8xNEP+APP double transgenic mice

2XIDE+APP 8XNEP+APP

What is the mechanism?




Inhibiting AR aggregation

Lashuel et al, 2000

Drug screening
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The limitations of the Amyloid hypothesis

Max. A
e CSF AB42
2 -=-- Amyloid PET
®| |- CSF tau
E -—- MRI + FDG PET
[} G
c —— Cognitive
K] impairment
©
S
Q
g | Detection .
o | threshold :
om & /',
l L.-‘;/'i/ i }
":‘f" - e
Min, L= cames®

Time
D. J. Selkoe and J. Hardy EMBO Mol Med. 2016

Tau progression M. Jucker and L. C. Walker, Nature, 201

= Failure of the AP targeting clinical trials
* No correlation between amyloid plaque burden, progression and AD symptoms



TREATMENTS

Where Does Alzheimer's Treatment Go Solanezumab, an antibody, works by
From Here? attacking amyloid floating in cerebrospinal

December 29, 2016 00 AME

BRET STETKA

"The low magnitude of effects would lend
support to the idea that it might be time to move
on from amyloid," says Weill Cornell Medical
College neurologist Dr. Richard Isaacson,

"These trials also suggest that the best
chance for a significant effect on cognition
is likely to be treating asymptomatic people
with amyloid deposits on imaging.” Dr.
James Burke

Diseased brain tissue from an Alzheimer's patient showing amyloid plaques (in blue) located in the gray matter of the brain.

Dr Cecil H Fox/Science Source/Getty Images



Amyloid and tau pathways need fto be integrated.

Sequential model Integrative model

pisGaLz)

“AD comprises parallel, and often circular, pathways of proteostasis, lipid metabolism, and glial
activation. Each of these pathways interact with AB and tau in ways that remain poorly defined”
http://www.alzforum.org



Tau pathway and neurofibrillary tangles
(NFTs) hypothesis in AD

Targeting tau aggregates

 Enhancement of microtubule stabilization by tau
stabilizers

* Prevention of tau aggregation by tau aggregation
inhibitors

 Enhancement of phosphorylated-tau clearance by active
immunotherapy



“‘tau’s complex biology offers many angles for therapy
development’

Membrane-bound Tau . T .
* Amino-terminalinteraction (Pooler, 2012) Axg"a' Jau; m’frowbu'e binding protein
*  Microtubule-binding domain interaction (Georgieva, 2014) S ANERY .‘.:
* Neurite outgrowth (8randt, 1995) * Microtubulesstabilization (Goedert, 1990) and actin
* Membrane instability ? (Jones, 2012) filaments orientation (Armnal, 2015)
X7 * Promote the microtubule polymerization (Weingarten, 1975)
* Neuronalpolarity (L, 2011)
Axonal transport (Dixit 2008)
3
\ -
= - Synaptic Tau
z Extracellular Tau + Interaction with SH3 domains of Fyn or
Tour I the nucleis * Bindingto muscarinic receptors (2008) Src (neynolds 2008)
- ¥ * Unknown function (Pooler, 2013) * Major mediator of NMDA receptors
Binding with DNA {aw, 2004) * Tau propagation ? (Chai, 2012) phosphorylation by Fyn (ittner, 2010)
DNA & RNA (Violet, 2014) ¢ ' '

http://www.alzforum.org



S
Tau Pathology

Healthy Neuron Initiation of Tau Autocatalytic Tau Fibrils Ghost Tangle
capture by neuronal propagation by
waste products

Bundies of Prfs
acumulate
& »

Neurofbedlary
Tangle (NFT)

Extraceliviar NFT

AGGREGATION INHIBITOR TARGET

Tau oligomers impair memory As aggregation continues, short, thin, Tau aggregates form inside neurons
and induce synaptic and fibrils, known as paired helical until the neuronal membrane bursts
mitochondrial dysfunction filaments (PHFs) form and accumu- and ultimately kill the neuron.The only
late into neurofibrillary tangles remnants being the extraceliular
“ghost” neurofibrillary tangles

Copyright TauRx 2012 Designed by Visualmedics.com in coordination with MediciGlobal

http://www.pharmafile.com



Alzheimer’s Disease

Tau -related process that represent potential

therapeutic targets
-;3322-:';'1; gt e |\ Y e
)“O/— 525 71

Axan

Microtubule-
stabilizing
agents

Tangles Filaments

« Safe and effective Inhibitors of tau’s hyperphosphorylation have not been found.

Drewes G et al., Trends in Biochemical Sciences 2004 Giacobini E et al., Nature Reviews Neurology, 9, 677—686 (2013)



Alzheimer’s Disease

Tau - propagation

b v e 1
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1
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Mudher A et al., Acta Neuropath Comm. Neuro. of Disease 20175:99

M Jucker & LC Walker Nature 501, 45-51 (2013) doi:10.1038/nature 12481



Alzheimer’s Disease

Question 2

Assuming that Alzheimer’s disease is a complex disease where
multiple pathways contribute to neurodegeneration, what would
be the most effective therapeutic strategy to slow the

progression of the disease after the clinical symptoms are
manifested?



Alzheimer’s Disease

Question 3

All clinical studies suggest that early intervention is the best
approach for treating and preventing the progression of
Alzheimer’s disease.

How would you go about designing a clinical trial that would
enable testing the efficacy of candidate drugs at preventing or
halting the disease before it starts.



Alzheimer’s Disease

Ongoing clinical trials (2016):

Subject Characteristics (Shape)
A Asymptomatic-Healthy

Disease-Modifying
Immunotherapy

Mechanism of Action (Color)
. Amyloid-related

v Asymptomatic-High Risk
O MCI/ Prodromal AD/ Mild
I:l AD Dementia

PHASE 1

. Crenezumab

24 agents in 36
trials
in phase Il

B kHK6640
. AADvac1
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[ mEDI1814
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V Crenezumab

© uB311
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7 of 24 are
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cognitive-

O ro4602522
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enhancing omwon | Eawws Vawso Bovon | SR | o,
CO m O u n d S [l Methylene Blue [3 Brexpiprazole OaALzT-0P1a/b © insulin glulisi
nsulin glulisine
p Symptomatic A @renzo1 O Lu AE58054 [0 nilvadipine © nsulin B tnsut : e i
e
Agents i Levetiracetam : Nabilone .AZD3293 ."P488 S . aspart
! e . S ']N]54861911 ﬂFormoterol A&B
O PQ912
& Trx0237

[0 pimavanserin

17 are disease-
modifying
treatments
(DMTs).

. Piromelatine il
@ orm-12741 [0 s47445
© PXT00864

O Mk-7622

O vithium

v Lorazepam

O vx-745

© jNj-54861911

O 81409306

V INj54861911

Q Allopregnanolone

. Aducanumab
. LY2599666 + Solanezumab

© BaNz401

[EAibumin + 1viG Y/ cAD106

Ov Pioglitazone

O siar A ovesz20 [ Metformin
O Riluzole B TPi-287 EIMK-8931
QO rTelmisartan [[] GM-CSF

O atp

A\ PF-06751979

‘ Tau-related

. Others

© LuAF20513
[ Ly3002813

B TPi287

[CJanavexz-73

n Benfotiamine
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Or-817mMa

. Bryostatin 1

Acr1812

O Liraglutide
_ Rasagiline
Exenatide

Disease-Modifying
Small Molecules

v Telmisartan

Amyloid is the most common pharmaceutical target (76%) in late development , reflecting the

greater understanding of the pathophysiology of this peptide

Alzheimer’s & Dementia: Translational Research &
Clinical Interventions 2 (2016) 222-232



Alzheimer’s Disease

Question 4

Propose several possible explanations for the large number of
drug failures in clinical trials of drugs targeting the amyloid

pathway.
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~ AlzheimersDisease
Question 4

From: Alzheimer disease therapy—moving from amyloid-f to tau

Drug

Tarenflurbil

Semagacestat
(LY450139)

Avagacestat

LY2886721 BACE-1
inhibitor

MK-8931

IVIg (gammagard)
AN1792

Bapineuzumab

Solanezumab

Tramiprosate
PBT2

Scyllo-inositol

Outcome of development

Abandoned after failed phase Il trial*®
Abandoned after two failed phase Il trials?

Abandoned after phase Il study™3

Abandoned after failed phase II/1ll trial'®

Currently in ongoing phase Il trial*®

Abandoned after failed phase Il trial*’

Abandoned because of meningoencephalitis in 6% of
patients in a phase Il trial*®

Abandoned after failed phase Ill trial?*

Failed to reach end points in two phase Il trials?’

Abandoned after failed phase Il trial®!
Results of phase lla trials published*?

Abandoned after failed phase Il trial®

Postulated cause of failure
y-secretase inhibitors

Therapeutic concentration of drug at target not assured because of low potency and low BBB penetration
Worsening of cognition, low selectivity, low BBB penetration

Agent had low BBB penetration and was associated with worsening of cognition and risk of melanoma

B-secretase inhibitors
Liver toxicity

NA
Immunization
Treatment groups comprised too few individuals and duration of treatment was too short

T-lymphocyte response was too strong, antibody response was limited (observed in 20% of treated patients), and
duration of treatment might have been too short

Low antibody response

Patients included in trial were too advanced to benefit
Anti-aggregation agents

Drug dose might have been too low

Only two measures of executive function on the NTB improved

Unexpected death and infections after treatment

Abbreviations: BACE-1, B-secretase 1; BBB, blood-brain barrier; NBT, neuropsychological test battery.



Better Peripheral Biomarkers and tools to monitor the progression
of the pathogenic process are key to presymptomatic diagnosis
and treatment of neurodegenerative disease

Enhance cognitive
performance

Number of neurons

l —

«— Delay progression
7z~ of disease

Onset of AD symptoms

Age —>

Lansbury & Lashuel, 2006, Nature



Alzheimer’s Disease

AD Diagnostics

b

Diagnostic tools:

Mental examination
PIB PET
Quantitative MRI

Fluorodeoxyglucose PET T——

glucose PET

More experimental approaches

Default network

© Nature/ Cell Perrin RJ et al., Nature 2009



Fluid biomarkers

CSF AB42 iS :. ; Complement

Microglia, 3

significantly reduced
in AD subjects.
Why??

B = CSF AB,, 0 CSF tau
x
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mean cortical PIB binding potential

Perrin RJ et al., Nature 2009



~ AgheimersDisease
Pathophysiological hallmarks

Biomarkers and AD:
proposed changes in
biomarkers in relation to
time course of
pathological and clinical
stages

T
DOIM

Biomarkers

Neuronal integrity

Max

Amyloid plaques

Neurofibrillary tangles

Min

3

-------n-: ------ ..---m-!‘-------n-i}_

Non-demented (CDR0)

© Nature Perrin RJ et al., Nature 2009



Multimodal Imaging of Alzheimer
Pathophysiology

Glucose Blood Neuronal Structural
metabolism flow activities properties

N—— -

(18E.\/45 PET) (FDG PET) (ASL MRI) (r-fMRI) (T1TMRI)

* Amyloid concentration
* glucose metabolism

« cerebral blood flow
 functional activity

* Dbrain atrophy

http://www.dailymail.co.uk/health/article-3687192/Decrease-blood-flow-brain-earliest-sign-Alzheimer-s-scientists-discover-thorough-study-published-
disease.html



Clinical study shows that retinal imaging may
detect signs of Alzheimer's disease

{ BRAIN RETINA

.4

A Anterior Whole Retina Isolation
HumanEye  Chamber & Vitreous Body Removal

i Removal qp
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’ eye movements ‘ blood vessel changes | ‘ choroidal thinning |
' pupil flash responses l _— T
e '8 -
" corneal nerve
imaging
~ Optic nerve pallor
6
Inferior
c Flat-Mount Retina Regional Segment of
Imaging & Dissection Flat-Mount Retina
tear fluid
proteomics
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’ retinal nerve fiber layer thinning ‘
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|
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i

Transmission Electron Microscopy Retinal Cross Sectioning
Cross Sectioning & Imaging & Imaging

{ electrophysiological
signature

Koronyo Y et al., JCI Insight. 2017;2(16):€93621.




Question 6

A recent study reported that a mutation in gene that code for
protein X is associated with early onset form of Alzheimer’s
disease . Outline different experimental approaches to
establish the relevance and mechanisms by which this

mutations/protein X contributes to the pathogenesis of
Alzheimer’s disease.



Question 7

Protein aggregation: Design experiments to determine
if protein aggregation is the cause or a consequence of
the neurodegenerative diseases




