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The Joint Research Centre (JRC)

As the science and knowledge
service of the Commission our
mission IS to support EU
policies with independent
evidence throughout the whole
policy cycle.

~ 3000 staff

Almost 75% are scientists.

Headquarters in Brussels.

Research facilities located in
5 Member States.
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Directive 2010/63/EU on the protection of

animals used for scientific purposes

U Stimulate  development

U Coordinate  validation
U Provide iInformation

U Promote dialogue
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Alzheimer's disease research

Some facts:

AD: 50-75% of all dementia cases

affects 10.5 million people, 177 billion euros/year (world Alzheimer's report 2016)

In the last 10 years Y no new drugs
Existing drugs only stabilize symptoms temporarily, do  not slow disease
244 drugs in 413 trials (2002 -2012) Y failurerat e 99.6% !

(Alzheimers Res Ther 2014 6, 37)
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There is a 30-to-1 failure-to-approval ratio for new Alzheimer’s medicines

None of the approved drugs cure, Failure

prevent or slow the Approval for treatment of symptoms
progression of the disease
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Tou Protein Healthy Brain

Time to gueson >
some hypotheses:

correlation vs
adaptation vs
causation?

Diseased
Neuron
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Review

Molecular Pathogenesis of Alzheimer’s Disease: Reductionist
versus Expansionist Approaches

Rudy J. Castellani *, Xiongwei Zhu °, Hyoung-Gon Lee °, Mark A. Smith * and George Perry **

' Division of Neuropathology. University of Maryland. Baltimore. Maryland. USA

Department of Pathology. { We and others have demonstrated that AD pathology 1s a manifestation of cellular
College of Sciences, Univ
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adaptation. specifically as a defense against oxidative mjury. As such., AD pathology 1s

therefore a host response rather than a manifestation of cytotoxic protein injury. and is
unlikely to be a fruitful target for therapeutic intervention. An “expansionist” view of the

disease, we believe, with oxidative stress as a pleiotropic and upstream process, more aptly
describes the relationship between various and numerous molecular alterations and

clinical disease.




B: current investment in

different mechanisms

based on 61 of the 88 drugs in
=1 TRIAL WATCH ongoingclinical trials
sl E e EEWENES  Tracing investment in drug development

of unsuccessful investment for Alzheimer disease A little or no investment in
basedon 37 of the 59 drugs some promising novel

that have beerR'A 8 O 2 y mechanismge.g. targeting
endocytosisor autophagy)
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Figures 1 | Investment in drug development for Alzheimer dissase. a | Cwverview of unzucceszful
investrent in mechaniztic claszses based on discontinusd drugs. b | Mechanistic foous of imvestment

Q> Need to reconsider; strategies |
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Business and
Society Review

Business and Sociely Reviewr 123:1 3-58

Human Stakeholders and the
Use of Animals in Drug
Development

LISA A KRAMER AND RAY GREEK

Journol of thes Center for Business Ethacs
Henllew Unmversaly

Volumel23]ssuelSpring 2018 Pag&ss8

We contend that by using animal models to predict human out-
comes, the drug development industry is behaving like the proverbial
drunk looking for his lost keys under a streetlamp rather than where
he dropped them, in the dark. This is especially tragic given more
promising methods are readily available. Personalized medicine is a
maore modern approach to delivering healthcare that is customized to
an individual patient, talking account of her unique biological
makeup.'? To this end, instead of seeking druggable targets from ani-
mal tissues, scientists are using human tissue. Scientists are also
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NEWS - 21 NOVEMBER 2018

Frustrated Alzhemmer’s researchers seek better lab
mice

Several projects are trying to develop animal models that more closely mimic how

the brain disease affects people.

Sara Reardon

Bart de Strooper (KU Leuven) k -

“The biggest mistake you can rrgzc;\) "
to think you can ever hz?ve a !
with Alzheimer’s disease.
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Stop

Alzheimer’s

before it starts

Success in the hunt for drugs to halt Alzheimer’s disease has remained elusive;it’s time
to stop the disease before it grotr ctavtod srvma Tada MaNiada and Dandall T Datasanea

disease was US$818 billion. That's simi-
lar to the gross domestic product of the
world’s 18th-largest economy. By 2030,
the number of people with the disease is
expected to rise to more than 70 million
worldwide (see “Staying ahead’).
Unless there is a breakthrough in treat-
ment, nearly one in avery 7_3 nannla ey

8swillhave Alz “The best way
hcape the ds< totest therole
converse with t 0] (1 ”H'II oid -5
of what happen pathology is
tostop it from
taking hold
in the first
Nature. 2017 Jul 12; place.”

In 2015, the global cost of Alzheimer’s

STAYING AHEAD

Primary prevention trials would investigate drugs designed to treat Alzheimer's disease before brain
pathology, such as amyloid-B plagues and tau tangles, or cognitive symptoms develop.

Primary

e T T Secondary prevention trials Symptomatic trials

Maximum

Degree of abnormality

Mormal

—25 years -15 years Mild dementia Severe dementia

Time from when symptoms first develop
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Animal modelsof AD

CAD research Y animal models ( Tg & inbred mice) Y to recapitulate
genetic & pathological traits of human AD

C Tg animals:

VAa formati on

V neuritic  plagues

V NFTs

V Gliosis

V Synaptic alterations

V Some signs of cognitive impairment
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Animal models of AD

Tg animals

X NO clinico -pathological
complexity of AD

X Translational research failure
X Generate false negative data Y

exclusion of potentially effective
compounds from clinical studies
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Animal models of AD

(ALTEX. 2014;31(3):279 -302.)

Animal Models of Alzheimer Disease:
Historical Pitfalls and a Path Forward

Sarah E. Cavanaugh?, John J. Pippin! and Neal D. Barnard**

1 . - : . . - : . 2 . . - r -
Physicians Committee for Responsible Medicine. Washington, D.C., USA: "Department of Medicine. George Washington
University School of Medicine and Health Sciences, Washington. D.C., USA
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Tab. 1: Common mouse models of Alzheimer disease, relevant transgenes and mutations (if applicable), and the promoter
under which transgenes are expressed

Model Transgene(s) Mutation(s) Promoter Reference

PDAPP hAPP V717F PDGF Games et al, 1995

H6 hAPP N/A PDGF Wyss-Coray et al_, 1997

J9 hAPP N/A PDGF Chin et al, 2005

J20 hAPP N/A PDGF Chin et al, 2005

Tg2576 hAPP KG670N, MB71L Hamster prion protein Hsiao et al., 1996

APP23 hAPP K&70N, M&71L Thy-1.2 Sturchler-Pierrat et al., 1997

Tau P3015 hTau P3015 Thy1.2 Allen et al., 2002

Tau G272V, P301S | hTau
hAPF, hFSEN1, hTau

G272V, P3018

Thy1.2 Schindowski et al., 2006

3xTg-AD APP K670N, M&671L;

PSEN1 M146V; tau P301L

Thy1.2 (APP, Tau) Oddo et al., 2003
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Animal models of AD

SAMPS8 & SAMP8 -APP/PS1 models (senescence - accelerated)
A to investigate late -onset AD
However

X genes responsible for senescence and observed pathologic traits are
largely  unknown

( http://www.alzforum.org/research - models/senescence -accelerated -mouse -samp8 )

A

X no studies have reported on the efficacy of current available AD
drugs in SAMPS8 mice

(Ageing Res Rev, 2014. 13: p. 13 -37)

x pathological granules found in the hippocampus do not seem to
contain either Aa pepti desaqglgcosidica meo-but r a
epitope (1gM)
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Fig. 4Immunohistochemicaktaining of the brain sections from SAMPS8 mice with Tau5A antibody. a Secondary antibody against
IgG. b Secondary antibody against IgM. ¢ Merging of a anddliowcorresponds tacolocalisationof both stainings Scale bar
100> Y

European
Commission

(Age Dordr), 2014. 36(1): p. 1565.)



Funding for AD research

Y bias in the peer -review process ?

A NIH Funded Projects (FY2007-FY2017) B NIH Total Funding (FY2007-FY2017) ‘
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Animal models have provided some partial insights
Into the cellular & molecular mechanisms of brain
amyloidosis or tauopathy

but they are natt suitable to  develop drugs and predict
their ef fects I n AD patientse

| may have Alzheimer's,
but at least | don't have
Alzheimer's.




A neawopdandmap
forARDecesesehrtch ?

According to the sign But our model
we should go right says left

| </
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freshspectrum.com
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Need to reconsider
etiopathology of AD

/ V Advancing age \
V Diet

V Low levels of physical activity
V Reduced cognitive stimulation
V Low socioeconomic status
V Low educational attainment
V Poor sleep quality

V Air pollution
V Smoking
e V Intake of metals, pesticides & insecticides
Ny &S Qe V Metabolic-related dysfunctions
RS e TRR i . .
V!s!sjama.%”* \\V Cardiovascularelated dysfunctlons/

o These have strong relevance for latset AD
Fagticide (> 95%otal AD cases)




Dementia in western Europe: epidemiological evidence and
implications for policy making

(Lancet Neurol. 2015 Aug 20. pii : S1474 -4422(15)00092  47.)

Yu-Tzw Wu, Laura Fratiglioni, Fiona E Matthews, Antonio Lobo, Monique M B Breteler, Ingmar Skoog, Carol Brayne

Dementia is receiving increasing attention from governments and politicians. Epidemiological research based on
western European populations done 20 vears ago provided key initial evidence for dementia policy making, but these
estimates are now out of date because of changes in life expectancy, living conditions, and health profiles. To assess
whether dementia occurrence has changed during the past 20-30 years, investigators of five different studies done in
western Europe (Sweden [Stockholm and Gothenburg], the Netherlands [Rotterdam], the UK [England], and Spain
[Zaragoza]) have compared dementia occurrence using consistent research methods between two timepoints in well-
defined geographical areas. Findings from four of the five studies showed non-significant changes in overall dementia
occurrence. The only significant reduction in overall prevalence was found in the study done in the UK, powered and
designed explicitly from its outset to detect change across generations (decrease in prevalence of 22%; p=0-003).
Findings from the study done in Zaragoza (Spain) showed a significant reduction in dementia prevalence in men
(43%; p=0.0002). The studies estimating incidence done in Stockholm and Rotterdam reported non-significant
reductions. Such reductions could be the outcomes from earlier population-level investments such as improved
education and living conditions, and better prevention and treatment of vascular and chronic conditions. This
evidence sugoests that attention to optimum health early in life might benefit cognitive health late in life. Policy
planning and future research should be balanced across primary (policies reducing risk and increasing cognitive
reserve), secondary (early detection and screening), and tertiary (once dementia is present) prevention. Each has their
place, but upstream primary prevention has the largest etfect on reduction of later dementia occurrence and disability.

Reduction of cardiovascular risk factolyy NB R dzO S R
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Neurosci Bull  April 1, 2014, 30(2): 253-270. hitp2//www_neurosci.cn
DOI: 10.1007/512264-013-1425-9 253 l

As described in our review of glucose metabolism in
LOAD™ previous studies seem to have led to a frustrating
impasse in LOAD research. Considering that most studies

E nv| ronme ntal fa ctors |n the develc have long been focused on the two pathological hallmarks,

their related mechanisms and consequences, we argue

. ] .
late-onset Alzheimer’s disease that it is time to understand the disease from an ecological

perspective, using the concept of environmental stress.
Moses N. Wainaina™*, Zhichun Chen’, Chunjiu Zhong'* In this review, we admit that the typical pathological

'Department of Neurology, Zhongshan Hospital: State Key Laboratory changes play a significant role in understanding LOAD:
200032, China however, we tend to focus on the precedents of the

YInstitutes of Brain Science; Fudan University, Shanghai 200032, Chin; Pathology, and emphasize environmental risk factors and
Pwani University, Kilifi, Kenya their pathological pathways in LOAD. This new onentation

) . _ . changes the concepts underlying LOAD management,
Corresponding author: Chunjiu Zhong. E-mail: Zhongcj@163.com

such that early prevention of environmental risk factors

and blocking the intermediate pathological pathways

induced by environmental stress are the most attractive
treatment. Based on this concept, we argue that avoidance
or reduction of exposure to environmental factors is the first
step in LOAD prevention and treatment. Metals, nutrients,

air pollution, pesticides, and chronic psychological stress

can all be controlled by individual or social measures.
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Can we learn from the transition in toxicology?
The need to improve human relevance

TOXICITY TESTING IN THE 21ST CENTURY

A VISION AND A STRATEGY
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Alzheimer's

-Atzhelmer"s disease
a type of dementia T

s Wi memory: \
egenerat'we o)

' eas\ng age




The oOadaueame ep at h wEA®R) concept

In AD research

U What signaling pathways get perturbed at the onset of AD?

U Can we link environmental & genetic causes with whole - person
outcomes, via multiscale AOPs

Chemical
Structure &
Properties

o

/

-

Molecular
Initiating
Event

7

(LangleyGR. DrudpiscovToday. 2014 Aug;19(8):11-P4.)
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SR ORGAN / N PO Y JN EPIGENETIC

POPULATION / AIN SIGNALING
BODY TISSUE PATHWAY /- GENETIC

What are tihe ttools&&rmaodelsiavailablerto
cover the difterent|levelssobbialegical
complexity ?




POPULATION

ORGANISM

/
BODY

ORGAN /
TISSUE

PROTEIN /
SIGNALING
PATHWAY

EPIGENETIC
/| GENETIC

Observational,
epidemiologica),
intervention studiescon

humans((egg. Phasel0,

microdosing
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