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The human brain

= Texture of a ripe Avocado

= Best protected organ in the human body (CSF, skull)

= Only 3 % of the body mass, but consumes 20 % of the total energy.
= This energy would be sufficient to constantly run a 40 W lightbulb.
= The surface looks like a giant walnut.
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The complexity of the human brain

Quantity of neurons in the human brain?
approx. 10" (100 billion)

If put all neuronal extension of one brain together, how far would you
reach?

approx. 500.000 km (Earth-Moon: 380.000 km)
How many synapses are in one brain?
approx. 10" synapses

For how long would you count, if you would count one synapse per
second in one brain?

approx. 3 million years

What is the size of a synapse?

approx. 0.3 pm = 300 nm (wavelength of the visible light)

How big would be your brain if a synapse would be 1 cm in size?
approx. 4 km long
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Brain versus Computer

A computer would have no problems with this task!
papaau Jahe|d ysepy Ve

2% flash player needed

Abraham Lincoln
12.2.1809 — 15.4.1865

»You can fool some of the people all of the time, and all of the people some of the
time, but you can not fool all of the people all of the time.”




UNI\/ERSITATSmedIZIn

Institute for Phathobiochemistry

Alois Alzheimer and the first patient Auguste D

Auguste D. (1850 - 1906)

i
Alois Alzheimer (1864 - 1915)
Oberarzt an der Anstalt fir Irre und Epileptische in

Frankfurt am Main
1906: "37. Tagung Sudwestdeutscher Irrendrzte"
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Auguste Deter the first AD patient

|

Auguste Deter
(1850 — 1906)

Alzheimer’s disease is an irreversible, progressive brain
disease that slowly destroys memory and thinking skills.
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Alzheimer‘s Disease (AD)

Amyloid Plaque

Neurofibrilar Tangles
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First Publikation of Alzheimer‘s Disease

ALLGEMEINE ZEITSCHRIFT
von

Inhalt.

PSYCHIATRIE

PSYCHISON-6 HE MEBIZIN

BERLIN

37. Versammlung Siidwestdeutscher Irreniirzte in Tiibingen am 3. und
4. November 1906.
Sitzung am 3. November 1906, 2%/4 bis 6 Uhr.
Biirker-Titbingen: Zur Thermody ik’des Muskels . .......... 0000 146
Alzheimer-Miinchen: Uber eine eigenartige Erkrankung der Hirnrinde 146
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Lunatic Asylum (Nursing Home) Alzheimer‘s Disease patients

Helmut Schoén t

\‘ (‘“‘“‘ Rita Haworth t




RUSSLAND 2050
DEUTSCHLAND 2050:
70,8 Millionen 27 Millionen 60+ 104,3 Millonen 38,8 Mitionen 60+
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Life expectancy increase over time
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Retiring Map Germany Demographics of Russia

= |n East-Germany (Mecklenburg-
Vorpommern/Sachsen-Anhalt) the proportion
of people above 65 years is growing.

In Russia, more than 1.5 million people are living with dementia.

Male Russia - 2011 Female Russia Natural Population Change ( Per 1,000, 1991-2014%)

= The proportion of people above 65 years is
growing from 21 to 28 percent all over
Germany (5,3 million people).

= Aging is the biggest risk factor for developing
Alzheimer's disease.

7 56 42 28 14 0 0 14 28 42 56 7

Population (in millions)

Verainderung des Bevilkerungsanteils der 65-Jahrigen und Alteren
2010-30 in Prozentpunkten

Gt e Rogersdlentonk (SR Bevobonsgsiroans)
wis [ 75t e 0 [ 125 v v 15 .
3 14
svisoter7.5 [ 10 e 125 [ 15 mare




B universiTATsmedizin. UNIversITATSmedizin.
Institute for Phathobiochemistry MAINZ Institute for Phathobiochemistry MAINZ
ngUnﬁige Entwicklung der gesellschaftlichen B . Medicare and Medicaid
What people fear! — Investment in AD research . Bl Soending for those
s with Alzheimer’s
= Questioner for the biggest risk in the = The number of Alzheimer’s Disease patients il : compared to scale with:
future. — will rise to 76 million by 2030 and to 136 NIH investment in
7 million by 2050. Alzheimer’s research
o s -
= Number 1: “poverty among the elderly” — e . :
] L = The US currently spend $6 billion a year for ;
= Number 2: “natural disaster” e — cancer research, $3 billion a year for -
o u research on HIV/AIDS, and $2 billion a year -
s B 50 for cardiovascular research, $550 million AD.
* Number 3: ,in need of care and — -
dementia“. “
— — = Alzheimer’s affects more people than - .
» cancer, heart disease and AIDS - .
- combined!
2 . na
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Annual costs and research spending in the US Clock test: patient S.M.; 68 years, female

EVERY YEAR, ALZHEIMER'S AFFECTS MORE THAN

5.4 MILLION AMERICANS
@ SRTERLCA
WHILE
CANCER AFFECTS
1.6 MILLION A YEAR .

AIDS AFFECTS

1.1 MILLION PEOPLE A YEAR $25M
HEART DISEASE AFFECTS -

ALZHEIMERS CANCER HEART DISEASE AIDS

716 THOUSAND PEOPLE A YEAR
<1% 21% 1.2% 12
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Alzheimer’s disease / F-18 FDG
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Alzheimer‘s Disease (AD)
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Amyloid Plaque

Neurofibrilar Tangles
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Alzheimer‘s Disease (AD) tau pathology

Tau binds and stabilizes
microtubules Tau

b Diseased neuron
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Alzheimer‘s Disease (AD) tau pathology
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Genetic factors associated with AD

Gene Age of onset
Familial early onset genes

APP Chromosome 21 40-65 years
Presenilin 1 Chromosome 14 17-60 years
Presenilin 2 Chromosome 1 45-84 years

Late onset genes (sporadic and senile familial AD)

ApoE4 Chromosome 19 >50 years
a2-Macroglobulin Chromosome 12 >50 years
LRP1 Chromosome 12 >50 years
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Amyloid Precursor Protein (APP) Family

non-neuronal neuronal = APP gene family is highly conserved:
f 1 I 1 = APP, APLP, APPL etc.
= 6 different APP-isoforms

KPI _» = Type | transmembrane protein

OX-2 —» = physiological function unknown
= growth factor (N-terminal)
AB s = cell-cell interaction (N-terminal)
= signal transduction (C-terminal)

NPXY — = Precursor of the amyloid-$ protein (AB)

APP770 APP751 APP695
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Amyloid Precursg Protein (APP)

APPsa. AB- Plaques

APPsp II
g
Enzyme: a- Secretase Enzymef/3-Secretase
a L

APP-CTFa I | i Enzyme: y-Secretase
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Familiar AD mutations in the APP-Gene

APP751
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APP Processing

APP Processing
MW
AP APP751 kDa  APP751
A)Amyloidogenic B) Non-Amyloidogenic APP sa - 200 -
e [P e app [P APP | — o74 _(WPERE | APPsa
/ wSecretase
_?Sﬂ/affg“ / ousecretasez‘ /4 e IPS a-Secretase } /
I - -
i — < /I~ — C 10
o= HAlC[ N APP — — a— |~ -
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83, / | ——
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CT15 26D6
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APP Processing Alzheimer‘s Disease and Trisomie 21

MW

App%-kﬂ? _;PP_WAPP P SI 3 l‘( )
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= CTF -4 - R AP
~ T
AlCD . .
H Antibody Antibody \ = Trisomie 21
CT15 26D6 = 3 copies of the APP-gene
= Onset of Alzheimer's Disease starts at
age 40!
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AB peptides may drive tau pathology
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Genetic factors associated with AD

AB peptides
l’ Neurofibrilar Tangles

Toxicity

Nature Reviews | Neuroscience

Familial early onset genes

Chromosome 21
Chromosome 14

Chromosome 1

Late onset genes (sporadic and senile familial AD)

Age of onset

40-65 years
17-60 years

45-84 years

Chromosome 19

>50 years

a2-Macroglobulin Chromosome 12

Chromosome 12

>50 years

>50 years




Apolipoprotein E
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= ApoE is a soluble secreted protein of 299 aa
= Main function: Triglyceride, cholesterol transport
= ApoE gene is localized on chromosome 19

= ApoE polymorphism: ApoE2, ApoE3, ApoE4
= Single aa exchange at position 112 or 158

= Carriers of ApoE4 show an increased risk in developing
Alzheimer’s Disease (Alan Roses).

= ApoE3/ApoE4 or ApoE4/ApoE4
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Genetic factors associated with AD

in.

Gene Age of onset
Familial early onset genes

APP Chromosome 21 40-65 years
Presenilin 1 Chromosome 14 17-60 years
Presenilin 2 Chromosome 1 45-84 years

Late onset genes (sporadic and senile familial AD)

ApoE4 Chromosome 19 >50 years
a2-Macroglobulin Chromosome 12 >50 years
LRP1 Chromosome 12 >50 years
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Presenilin 1
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y-secretase complex

= Presenilin 1 is the catalytical domain of the y—Secretase-complex

= Amino acids Asp 257 and Asp 385 are the catalytical center of the y—
Secretase-complex

Plasmamembrane

C

Aspartat Aspartat
257 385

associated proteins substrates protease

=
2 e e — —’L?E
CCECEE i WO

PEN-2 APH-1 Nicastrin Presenilin

Notch APP




Substrates of the y-secretase complex
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NOTCH a substrate of the y-secretase complex

cytoplasmic
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Alzheimer‘s Disease and amyloid hypothesis

LAPP |

APP FAD mutations
Trisomy 21

PSEN1 and/or PSEN2

FAD mutations

[ Ap42 aggregation s .
o T~ [Deposited
. amyloid-B
£ peptide

- AGGREGATE STRESS -

'
|_PHF formation
4

Neuronal dysfunction and death

'

—
Dementia
lucementiag

[Sotuble forms
of oligomeric A

Nature Reviews | Drug Discovery

From: Eric Karran, Marc Mercken & Bart De Strooper
Nature Reviews Drug Discovery 10, 698-712 (September 2011)
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Amyloid burden increases prior to clinical

signs

Antiamyloid preventive therapy

Neuroprotactive therapy targeting

downstream degenerative cascades

Clinical diagnosis

- \

Treatment

/ initiated

———— Amyloid burden
NFTs, gliosis

~

~
~.

Neuronal and
synapse loss

Asymptomatic

Increasing signs and symptoms of cognitive impairment
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Aging, MCI and Alzheimer Disease
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Therapeutic window today

izin.

Brain Aging
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Therapeutical approaches

B-secretase inhibitors

AB42 oligomers  Amyloid plaque

9z cu
R T — — Clearance
T o

AB42 oligomerization and deposition

Processing

(small molecules) ¥ M
Microglial and astrocyctic Oxidative
activation stfess '\
Antioxidants, neuro-
Anti-inflammatory agents protective agents

(NSAIDs, glucocorticoids)

Neuronal cell death with transmitter deficits

}

Dementia
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Significance of AB42 in AD

Metal chelator —
(Clioquinol) Ap Vaccination

AB peptides (AB38, AR40, AB42 etc.) are generated by presenilins and
most APP mutations cause early onset familial AD (FAD).

AB42 is particularly prone to aggregation in vitro.
AB42 is initially deposited in the AD and Down’s syndrome brain.

AB42 is consistently more abundant in brain parenchyma than AB40
when measured biochemically using end-specific antibodies.
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Is AB42 the ideal therapeutic target in AD?

= Most presenilin and APP mutations increase AB42 production by only
30-50%.

= This minor increase in AB42 production results in disease onset 20-40
years prior to the development of sporadic late onset AD.

= Equivalent decrease in AB42 production after pharmacological
intervention may delay onset of sporadic AD by similar amount of
time, and prevent development of AD in most individuals.

Therapeutical approaches

16lu
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APP
B-secretase inhibitors

Metal chelator
(Clioquinol)

Processing
(small molecules)

Microglial and astrocyctic

/activation

Anti-inflammatory agents
(NSAIDs, glucocorticoids)

ApB42 oligomers

I
ey — — Clearance
T to

|

Amyloid plaque

ApB Vaccination

AB42 oligomerization and deposition

Y

N\
Oxidative
stress X
Antioxidants, neuro-
protective agents

Neuronal cell death with transmitter deficits

}

Dementia




y-secretase inhibition
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y-secretase has at least 50 substrates and complete inhibition is

problematic in vivo!

Therapeutical approaches
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APP
B-secretase inhibitors
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Metal chelator
(Clioquinol)
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Processing
(small molecules)
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Therapeutical approach: Enzyme modulation

APP il ol

Peptides of different length

Soluble AB-Peptides
may be the cause
I for the disease

4" Ap38 AB4O
Enzyme: y-Secretase
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Therapeutical approach: Enzyme modulation

APP
% Normaly little AB38!
% 1 1

4I3‘ A3 AB40
Enzyme: y-Secretase
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Therapeutical approach: Enzyme modulation

? less AB42
% [
:IT‘ AB38 AB40
E

nzyme: y-Secretase <4== Nodulator
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Therapy: Non Steroidal Anti-inflammatory
Drugs (NSAIDs)

Reduction of AB42 by Ibuprofen,

Indomethacin and  Sulindac- Am;k j_waz nm: Aimjz ' _AM
Sulide (NSAIDs) Em.'\H ‘”’\; %m- < =33
o B0 m - | = 607 ) N
z 0 : 2 40| L
= Not all NSAIDs work in the |2 | T t
same way, e.g. Aspirin does not |2 O s | 2 % 0 200 30 40 50
work! Sulindac sulfide (M) Ibuprofen (uM)

o ABA0+2  —m APA2

e
- .

= Mechanism nor clear yet

oB&8388
EEEEE— &

¥

' 8
- m

Ap levels (% control)

% 50 75 100
Indomethacin (M)

=)

Weggen et al. 2001: A subset of NSAIDs lower Amyloidogenic AB42
independently of cyclooxygenase activity. Nature 414:212-216.
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AB42 lowering NSAIDs concomitantly increase
shorter A species
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Chronic NSAID intake might prevent AD

= Meta-analysis of 17 case-control or population-based studies reported
NSAID intake to be associated with a reduced risk of AD in studies
from 8 different countries. mcceer et al. (1996), Neurology, 47: 425-32

= The “Rotterdam study”, a prospective population-based study using
pharmacy records found a 80% risk reduction associated with NSAID
use for 2 or more Years. int Veld etal. (2001), N Engl J Med, 345: 1515-21

= A strong usage duration effect was recently demonstrated in 250000

individuals from the US Veterans Affairs Health Care system. videtal.
(2008), Neurology, 70: 1672-7
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Is AD drugable using NSAIDs?

in.

= After Phase lll testing, which included nearly 1,700 patients of
mild AD treated for 18 months with either Flurizan
(Tarenfluribil) or placebo, Myriad Genetics concluded that the
drug did not improve thinking ability or the ability of patients to
carry out daily activities significantly more than those patients
with placebo.

= The company canceled the this drug development program in
2009.

= Unfortunately Flurizan does not cross the Blood Brain Barrier!

\ o J o
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APP
B-secretase inhibitors

ApB42 oligomers
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Immunization against Alzheimer?

= B-Amyloid-Immunotherapy. "m_" rEasm s |
® .
= BIIB37, aka ,aducanumab® \(ﬁ
k | 2|
= Biogen in Cambridge, Massachusetts g s )
= Treatment improved Alzheimer’s ¥ %
symptoms in a large Phase 1 trial. . ‘5-

Reported at 12t International
Conference on Alzheimer’s and

Parkinsons’s Diseases in Nice, France.

D. Schenk et al., Nature, 400:173-7, 1999.
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Thank you very much for your attention!

Tomorrow:

The role of N-terminal truncated AB peptides in
Alzheimer's Disease development




