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NEURODEGENERATIVE DISEASES

Definition :

Diseases of the nervous system caused by a loss or 
incapacitation of neurons. 

Examples : 

Multiple sclerosis (Sclérose en plaques) (Myelin loss)
Alzheimer's disease (loss of cholinergic neurons)
Parkinson's disease (loss of dopaminergic neurons)
Huntington's disease (loss of GABAergic neurons) 
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Anatomical slices of human brainAnatomical slices of human brain
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Neurodegenerative diseases

Alzheimer cortex

Spino-cereb. ataxia cerebellum

Huntington striatum

Parkinson subst. nigra

Amyotrophic Lat. Scler. cortex, medulla

Disease Anatomy Patients (Fr)
860 000

80 000

6 000

<5 000

<5 000

60 000Multiple Sclerosis cortex, stem, medulla
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Neurodegenerative disease : 
General problems

• Neurological symptoms

• Cellular loss

•Risk factors
(aging, genes, environment)

Mechanisms?
Therapies?

•Incurable diseases

•Unknown etiology



M. DHENAIN - M2 Biothérapies Tissulaires, Cellulaires et géniques – Nov 2011

Overview

Alzheimer's disease
Disease in humans
Modelization in animals

Huntington's disease
Disease in humans
Modelization in animals
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Symptoms

Dementia

- spatio-temporal disorientation 

- Alteration of short term memory (episodic)

- language, visual recognition

Alzheimer's disease



M. DHENAIN - M2 Biothérapies Tissulaires, Cellulaires et géniques – Nov 2011

Alzheimer's disease
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Risk factors (Alzheimer)

Age
Education level
Familial History
Positive genotype Apolipoprotein E 4/4
Arterial hypertension
Hyperinsulinemia
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Certitude Diagnosis

Amyloid deposits (beta-A4)

Neurofibrillary tangles (Phosphorylated Tau)

Alzheimer's disease
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AD

Ctrl

Alzheimer's disease

Cerebral atrophy

Amyloid Deposits Neurofibr. Tangles (NFT)

Cognitive alterationsFunctional
alterations
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1% of patients

50% of late onset
ApoE related

Alzheimer's disease : Few genetic causes
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Amyloid cascade hypothesis

Neurofib. 
Tangles

Tau Pathology

Cerebral
Atrophy

Dementia

Alterations of 
Neurotransmission Hypometabolism

Neurodegenerescence

Amyloid Pathology

Oligomeres Plaques

Agregated amyloid

Inflammation

Monomeres
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Amyloid cascade hypothesis

Amyloid beta

Oligomer

Plaque

Monomer
Aggregated

NFT
tau

Amyloid cascade hypothesis

Atrophy
Hippoc…

Functional
alterations
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Two forms of Alzheimer's disease : 
genetic versus sporadic forms

-5% of cases +95% of cases
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Causes for amyloid accumulation
Amyloid beta Plaque

From : Citron, Nature Reviews 2004

Overproduction
Mutations: APP – PS1 –PS2

Clearance failure
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Neurofibrillary Tangles
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DescribeDescribe / / understandunderstand
PathogenicPathogenic mechanismsmechanisms

EvaluationEvaluation
of new of new drugsdrugs

Animal models of AD

How/why to evaluate animal models of AD



M. DHENAIN - M2 Biothérapies Tissulaires, Cellulaires et géniques – Nov 2011

Pharmaceutical R&D process and key bottlenecks

I II III
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Clinical outcomeDisease

Ex. Cognitive alterations
Death, etc…

Basis of translational medicine

Target

Proof of Concept (POC): If I modify the target, do I modify the disease ?

POC

Therapy

Mechanism of Action (MOA)
to modify the target

POM

Proof of Mechanism (POM): Is my drug really active on the supposed mechanism ?

Step 1: Objective in humans

Biomarkers

Markers

Biomarkers
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Clinical outcomeDisease

Ex. Cognitive alterations
Death, etc…

Basis of translational medicine

Amyloid deposition

Proof of Concept (POC): If I modify the target, do I modify the disease ?

POC

Therapy
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Proof of Mechanism (POM): Is my drug really active on the supposed mechanism ?

Step 1: Objective in humans

Biomarkers

Markers

Biomarkers

Inib. G. Sec
Inib. B. Sec
Immunothérapie
…
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Clinical outcomeDisease

Basis of translational medicine

Target

Proof of Concept (POC): If I modify the target, do I modify the disease ?

POC

Therapy

Mechanism of Action (MOA)
to modify the target

POM

Proof of Mechanism (POM): Is my drug really active on the supposed mechanism ?

Step 2: Use of animals – Selection of a validated animal model

Biomarkers

Markers

Choice of a good animal model ?
° Construct validity

° Face validity

° Prediction validity
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Clinical outcomeDisease

Basis of translational medicine

Target

Proof of Concept (POC): If I modify the target, do I modify the disease ?

POC

Therapy

Mechanism of Action (MOA)
to modify the target

POM

Proof of Mechanism (POM): Is my drug really active on the supposed mechanism ?

Step 3: Use of the validated animal model – Translational medicine

Biomarkers

Markers

Clinical outcomeDisease Target
POC

Therapy

Mechanism of Action (MOA)
to modify the target

POM

Biomarkers

Markers

HumanAnimal model
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Clinical outcomeDisease

Basis of translational medicine

Target
POC

Therapy

Mechanism of Action (MOA)
to modify the target

POM

Step 3bis: Toxicity evaluation

Biomarkers

Markers

Clinical outcomeDisease Target

Therapy

Mechanism of Action (MOA)
to modify the target

HumanAnimal model

Toxicity evaluation
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Stratégie générale
Physiopathologie

des maladies neurodégénératives
(systèmes modèles physiologiques et 

pathologiques)

Physiopathologie
des maladies neurodégénératives

(systèmes modèles physiologiques et 
pathologiques)

Compréhension des mécanismes
dégénératifs

(malades, modèles animaux)

Compréhension des mécanismes
dégénératifs

(malades, modèles animaux)

Nouvelles thérapies
(développement, mise en œuvre et 

validation pré-clinique, 
tests de sûreté et d’efficacité)

Nouvelles thérapies
(développement, mise en œuvre et 

validation pré-clinique, 
tests de sûreté et d’efficacité)

Imagerie du suivi thérapeutique
(développement, 

validation pré-clinique,

test de sûreté et d’efficacité)

Imagerie du suivi thérapeutique
(développement, 

validation pré-clinique,

test de sûreté et d’efficacité)

Imagerie du suivi lésionnel
(développement, validation 

pré-clinique et clinique)

Imagerie du suivi lésionnel
(développement, validation 

pré-clinique et clinique)

essais cliniques
(validation, efficacité)
essais cliniques

(validation, efficacité)
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Animal models of AD
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Duyckaerts C. et al., Acta Neuropathol 2008 ; Woodruff-Pak S.D., J Alzheimers Dis 2008 ; Philipson O. et al., FEBS Journal 2010 

Genetic

Non-transgenic SAMP8 mice, rats

Transgenic mice 90’, familial forms of AD

- genetic, mecanistic

- Therapeutic evaluations but limit of the models = genetic
distance to humans

Therapeutic evaluation

Life span

2-3 
months

2-3 years

30 years
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Animal models of AD
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Débit
Duyckaerts C. et al., Acta Neuropathol 2008 ; Woodruff-Pak S.D., J Alzheimers Dis 2008 ; Philipson O. et al., FEBS Journal 2010 

Non-transgenic SAMP8 mice, rats

Transgenic mice 90’, familial forms of AD

- genetic, mecanistic

- Therapeutic evaluations but limit of the models = genetic
distance to humans

Genetic

Therapeutic evaluation

The choice of the model depend on the question :

Genetic studies ?

Mecanistic studies ? 

Therapeutic evaluations ?

One question        
=                         

One animal model

Life span

2-3 
months

2-3 years

30 years
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Construction validity: Causes of human
pathology

Face validity: Comparison to human pathology

Prediction validity
Validity for a fundamental research question
Validity for POM (from therapy to target)
Validity for Mechanism of Action
Validity for Toxicity evaluation
Validity for POC (from target to disease outcome
modification)

Validity criteria of experimental disease models
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Specificity of the disease for humans ?

Spontaneous
models

- Proximity to H
- Luck
- Careful study !
- Trust in results

Transgenic
models

- Non proximity
to H

- Aging

Known Genes
of AD

Induced 
models

- Proximity to H

Intoxication
Surgery…

Ex.
- Primates
- Dogs

Ex.
- APP, APP/PS1 mice
- Tau mice
- Triple Tg

Aging
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Models in transgenic Animals (Rodents)

- Non proximity
to H

- Aging

Known Genes
of AD Construction validity

What about face validity ?
What about prediction validity ?
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A long list of mouse models of AD…
http://www.alzforum.org

38
18
6
5
17
5
26
46
25
4

As March 26, 2007
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No spontaneous amyloid aggregation in rodents

Related to a different structure of the Abeta protein in rodents

APP

(Dhenain, Handbook of Neuropsychology (2nd ed, 2001))
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CAA

Beta Amyloid

Amyloid cascade hypothesis (simplified)

Mutations: APP + PS1

Atrophy
Hippoc…

NFT Functional
alterations Dementia
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Mutation: 
PS1M146L alone

Beta Amyloid Plaque

PS1  

Mutations: 
APP751SL + PS1M146L

APP/PS1  

Mouse models of Alzheimer's disease
APP

No Tau Pathology …

Intracellular Aß deposits
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Intracellular Aß deposits: New finding from Tg models

Intracellular Aß deposits in Tg mice

Intracellular Aß deposits in Humans

Gyure
Arch Pathol Med, 2001

Blanchard, 
Exp Neurol, 2003

Aß 42 Aß 40

Gouras
Am J Pathol, 2000
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CAA

Beta Amyloid

Amyloid cascade hypothesis (simplified)

Mutations: APP + PS1

Atrophy
Hippoc…

NFT Functional
alterations

X

Dementia

?
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Hippocampal growth

Even in the presence of amyloid deposits…
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White matter
alterations

Mammillo-thalamic
tract diameter

0,24

0,25

0,26

0,27

0,28

0,29

0,30

m
m

Y        O

Atrophy of white matter tracts

Delatour et al, 
Neurob Aging, 2006
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CAA

Beta Amyloid

Amyloid cascade hypothesis (simplified)

Mutations: APP + PS1

Atrophy
Hippoc…

NFT Functional
alterations

X

Dementia

X ?
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Behavioral tests
SPATIAL NAVIGATION

- Spatial reference memory
- Hippocampal integrity
- Very used

SPATIAL ALTERNATION

- Spatial working memory
-Require the integrity of the hippocampus
and of frontal cortex

OBJECT RECOGNITION

- Short term visual memory
- Require integrity of rhinal cortex 
(and hippocampus)
- Very used

Alterations of memory
But no dementia

Lesne, Nature, 2006

Tg2576+/-

Tg2576-/-
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Origin of behavioral alterations: Oligomers
Beta Amyloid

Monomers
Oligomers

Protofibrils

Fibrils

40kDaltons 56kDaltons

Correlation with spatial memory task

Lesne, Nature, 2006

Injection of Aβ*56 in young rats
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Oligomers target synapses

Synaptic binding Ectopic induction of Arc (synaptic immediate-early
gene) dysfunctional learning

Lacor, J Neurosc, 2004
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Hypometabolism in Tg mice

Hypometabolic areas in APP/PS1 mice as 
compared to control animals



Cortical hypoperfusion in Tg mice

Perfusion in the parietal cortex 

0

0,5

1

1,5

2

2,5

3

3,5

4

Normocapnia Hypercapnia

m
l/g

.m
in

PS1
APP/PS1

nPS1=10
      nAPP/PS1=9
     (age:54weeks)

*
*

*

*:p<0.05

Institut Curie/INSERM U759

Perfusion alterations are also detected in AD patients

* Johnson et al., Radiology, 2005
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Beta amyloid

APP

Plaque
« murine » amyloid cascade

Amyloid cascade hypothesis

X
X X

Synaptic
alterations

Alterations
of LTP

Use to evaluate treatments against amyloid
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Potential treatments against amyloid pathology in AD

Monomers

α secretase

γ secretase

α secretase - Non amyloidogenic pathway β secretase - Amyloidogenic pathway

β secretase

γ secretase

From Blennow K et al., Lancet, 2006
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Potential treatments against amyloid pathology in AD

T Golde, J Neurochem, 2006
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Use of Tg mice for treatment evaluation

Ex Immunotherapy in mice

PBS Aβ42 vaccine

Mice are a very useful first way to test 
new treatments against amyloidosis

What is the benefit for the patient ?

Schenk, D., Nature 1999Morgan et al. (2000). Nature, 408(6815), 982-5.
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Immunotherapy suppress amyloid in some patients

Holmes 2008, Lancet

+ 4 months + 20–64 months

+ 20–64 months + 20–64 months + 20–64 months

+ 20–64 months + 20–64 months + 20–64 months

… But immunotherapy does not suppress evolution of cognitive impairments
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Future Treatments of the disease

From Blennow K et al., Lancet, 2006
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Poor models of toxicity ?

+22j+22j +41j+41j

+64j+64j +87j+87j +170j+170j

At the time of this report, 12 
months after the initial onset
of symptoms, he remains
hospitalized and totally
dependent, although his
level of consciousness and 
language continue to 
improve slowly.

Neurology, 2003
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Construction validity: mutations in familial forms of AD

Face validity: Comparison to human pathology
Amyloid plaques: Yes
Neurofibrillary tangles: No
Neuroinflammation: Yes
Neuronal loss: No
Cholinergic alterations: No

Cerebral atrophy: No
Metabolic alterations: Yes?

Cognitive alterations: Yes
Dementia: No

Prediction validity (for anti-amyloid drugs)
Validity for a fundamental research question: Yes if question on amyloid
Validity for POM (from therapy to target): Yes if therapy on amyloid
Validity for Mechanism of Action: Yes
Validity for Toxicity evaluation: Not obvious
Validity for POC (from target to disease outcome modification in humans): No 

Validity criteria of APP/PS1 transgenic models
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From Blennow K et al., Lancet, 2006

Tg mice are used to evaluate future 
treatments of the disease

Other models of AD such as Tau mice not discussed here
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Spontaneous models. Ex. of the primatesSpontaneous models. Ex. of the primates

- Proximity to H
- Aging
- Luck
- Careful study !

- Aging
- Genetic proximity to humans Construction validity ?

What about face validity ?
What about prediction validity ?
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Primate heterogeneity 
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Brain heterogeneity in Primates

1 cm Patas Orangutan

Gorilla Chimpanzee

Human
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What are age related alterations in primates ?

Do they reproduce human alterations ?

How many animals are involved ?



M. DHENAIN - M2 Biothérapies Tissulaires, Cellulaires et géniques – Nov 2011

Delayed Response

Age related cognitive alterationsAge related cognitive alterations
Young

Normal aged

Mild to moderate AD

Severe AD

(Bartus and Dean.  Normal Aging, Alzheimer’s disease and senile dementia, Aspects on Etiology, 
Pathogenesis, Diagnosis and Treatment, 1985)
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Age related cognitive alterations

Prefrontal impairments, perseveration
~ 15-20 years in Rhesus monkeys

Very constant in different animals

Tasks depending on medial temporal areas
~25-30 years in Rhesus monkeys
(But) Interindividual variations

What is responsible for these alterations ?What is responsible for these alterations ?
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Behavioral alterations in aged lemurs: Shift tasks

VD:        =  

R1:        =  

EDS:    Right corridor   =  

R2:       Left corridor     =  

Picq et al. Neurobiology of Aging, In press



M. DHENAIN - M2 Biothérapies Tissulaires, Cellulaires et géniques – Nov 2011

Cerebral atrophy in human

Macroscopic alterations
Cerebral atrophy

Macroscopic alterations
Cerebral atrophy
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Cerebral atrophy in Rhesus monkey

(Andersen et al., Brain Research, 1999)
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Temporo-parietal atrophy in mouse lemurs

Fast evolution when the process is started

Animals without amyloid deposits
Animals with amyloid deposits
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)

(Dhenain et al.,
Neurob. Aging, 2000)

YoungYoung

OldOld

Age (years)
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Link between behavioral alterations and atrophy
in aged animals

Only primate showing a correlation between macroscopic brain atrophy
and age-related cognitive alterations

Picq et al. Neurobiology of Aging, In press
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Chimpanzee Rhesus

Microscopic alterations
Amyloid deposits

Microscopic alterations
Amyloid deposits

Gearing et al, PNAS, 1994
http://m.lemur.free.fr

AD - Human Mouse lemur
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Microscopic alterations
Amyloid deposits

Microscopic alterations
Amyloid deposits

(Dhenain, Handbook of Neuropsychology (2nd ed, 2001))
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Sequence homologies
APP – beta amyloid

(Dhenain, Handbook of Neuropsychology (2nd ed, 2001)
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Amyloid angiopathy in most of the primates
Squirrel monkey : model of amyloid angiopathy

Microscopic alterations
Amyloid angiopathy

Microscopic alterationsMicroscopic alterations
AmyloidAmyloid angiopathyangiopathy

X 100

X 400

monoclonal anti–Aß antibody (4G8)

Mutation similar to 
that of Icelandic
patients with
hereditary cerebral
hemorrhage with
amyloidosis
(HCHWA-I) or 
cystatin C amyloid
angiopathy (Wei et al. 
Stroke, 1996)
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Microscopic alterations 
Neurofibrillary alterations

Microscopic alterations 
Neurofibrillary alterations

antiTau Ab
(AT8)

Human

Baboon antiTau Ab 
(AT8)

(Schultz, Neurob Aging, 2000)

Mouse
lemur

AT8

Hartïg
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Functional consequences of 
neuropathological alterations

No correlation between amyloid deposits 
and behavioral alterations

No study concerning neurofibrillary / 
behavioral alterations (especially in 
baboons)
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Apolipoprotein E

In Human : ApoE4 is a risk factor for AD
In Human : ApoE3 and E2, protection for AD
ApoE4-like forms in primates
ApoE3 and E2 forms seem to be ‘favorable mutations’
that occurred in the course of evolution.

Finch et al, Neurobiology of Aging, 1999
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Alteration of the neurotransmission

Acetylcholine
Monoaminergic

Serotonin
Noradrenaline

Somatostatin
…

Correlation between occurrence of 
neurotransmission alterations and behavioral 
alterations
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Evaluation of treatments modulating the neurotransmission

More recently
Neurotrophic Factors
Neurotransmitters
Gene Therapy
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Construction validity: Aging / Genetic proximity to humans

Face validity: Comparison to human pathology
Amyloid plaques: Yes in some case
Neurofibrillary tangles: Rare
Neuroinflammation: Yes
Neuronal loss: Rare
Cholinergic alterations: Yes

Cerebral atrophy: Yes
Metabolic alterations: Yes

Cognitive alterations: Yes
Dementia: No

Prediction validity
(for anti-acetylcholinesterase drugs, Neurotrophic Factors)

Validity for a fundamental research question: ?
Validity for POM (from therapy to target): Yes for some drugs
Validity for Mechanism of Action: Yes
Validity for Toxicity evaluation: Yes
Validity for POC (from target to disease outcome modification in humans): Yes for non 

specific drugs

Validity criteria of Primate models
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Current treatments of the disease

From Blennow K et al., Lancet, 2006
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Conclusion Primates

No case of AD in primates = Models for normal 
aging

No mutation reported for AD-like lesions
Few animals evaluated

Evaluation of the factors that are responsible for 
inter-individual differences

Clinical approach in animals with well known historical 
records

Factors modulating cognitive aging
Neuroendocrinologic factors, Biological rhythms,…
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Induced
models

- Proximity to H

Intoxication
Surgery…

Induced models

Construction validity

What about face validity ?
What about prediction validity ?
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Atrophy in Humans and Macaques
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Jack, Neurology, 1999




