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Old age is the zenith of ffe,
a time for test, reflection ,
wisdom and truth

Goethe




But...
Goethe and Bergman
are not always right




A complex pattern

Germany, 1907

female, 51 yearsold

cognitive impairment

amnesia

aphasia

apraxia

dementia

paranoid illusions

violent behavior
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The Umbrella effect

Lydia Giménez-Llort, 2014




The Umbrella effect
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The Umbreélla effect
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The other patient
A complex clinical history

Dementia

1.STM & LTM

2. Abstract thinking

3. Judgement

4. High cognitive functions

BPSD Behavioral and Psychological sympthoms of dementia
Aqgitation, aggressive, psychosis, anxiety P
5-15% AD + major depression

20-40% AD + illusions and hallucinasions

Sundawning behavior




Pathways towardsto =

Genetic Production BA Synaptic disfunction | | Formation NFT

Environmental I and apoptosis
Oxidative Stress

disregulation Ca*™*

Impaired
Plasticity and
Neurogenesis

Pathways away from - ——i—

REDUCTION of RISK TREATMENT

Cognitive Stimulation |mmunization BA

Exercise QuelantsCu* i Fet*

Caloric restriction BACE i g-secretases inhibitors
|mmunization BA Antioxidants and B vit

BACE i g-secretases Inhibitors Antiinflammatory agents

Fatty acids modulators (cholesterol) Neurotrophic factors

Fatty acids modulators (cholesterol)
Cholinergic enhancers
Antidepressants

Mattson, Nature 2004




The complexity
of thetherapeutical strategies

The unique
The best
The exclusive one \

Cognition & Memory
Cholinergic deficits

Behavioral Alterations
Neurotransmitters

Neur oprotection & Regeneration
™ Gl utamatg antagoni §ts
Genetic Strategies

Growth Factors




Behavioral Neuroscience

v Validation (Guideliness)
v" Screening and validation of the model
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Behavioral Neuroscience

Validation (Guideliness)

Screening and validation of the model
Multidimensional: focus BPSD and DLA
Trangdational, Longitudinal

Gender dependent

Ademuz, 1968

Lifeevents+ Life style (Non-Pharmacological)
External intervention (Pharmacol, Molecular, other)
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Cholinergic deafferentation of the rabbit cortex: a new
animal model of AP deposition

Thomas G. Beach*”, Pamela E. Potter®, Yu-Min Kuo®, Mark R. Enmering®, Robert
A.Durham®, Scott D. Webster®, Douglas G. Walker®, Lucia |. Sue®, Sarah Scott’,
Kathryn J. Layne®, Alex E. Roher*

Luo et al. 2001.

Mice deficient in BACEL, the Alzheimer’s
B-secretase, have normal phenotype and
abolished B-amyloid generation.

Nat Neurosci. 4: 231-232.

Senescence Accelerated Mice
Premature Aging Mice

Administration of Beta-amyloid

Lucaset al.
Embo J 2001; 20 (1-2): 27-39

Engel et al.
Neurobiol Aging 2005

Games et al., 1995

Alzheimer-like neuropathology in
transgenic mice overexpressing V171F B-
amyloid precursor protein

Nature, 373:523-527.

PS1
APP
€2 |V p—

A Diseased

Oddo et al.

Triple-transgenic of Alzheimer’ s disease
with plagues and tangles: Intracellular
AB and synaptic dysfunction.

Neuron 2003; 39: 409-421
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Triple-transgenic of Alzheimer’s disease
with plagues and tangles: Intracellular AB
and synaptic dysfunction.

Neuron 2003; 39: 409-421
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in mice: A role for intraneuronal amyloid
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Abstract

The amyloxd Afl-peptide (Af) 1 suspected to play a critical role in the cascade leading to AD as the pathogen that causes neuronal and
synaptx dysfunction and, eventually, cell death. Therelore, it has been the subject of a huge number of clinical and bask research studies
on this disease. Affis typxally Found aggregated m extracellular amyloid plagues that occur in specific brain regions enriched in nAChRs
m Alzheimer's disease (AD) and Down syndrome (DS) brains. Advances in the geneties ol its Familiar and sporadic forms, together with
thase transler technology, have provided valuabk animal models that complement the traditional choline approaches,

although modeling the neuronal and behavioral dehicits of AD in these modecls has been challenging. More recently, emerging evidence

mdxates that intrancuronal accumulation of Aff may also contribute to the cascade of neurodegencrative events and strongly suggest
that it is an carly, pathological biomarker For the onset of AD and associated cognitive and other behavioral deficits. The present review
covers these studies in humans, i in vitro and m transgenk models, ako providing more evidence that adult 3 x Tg-AD mice harboring
PSlyey. APPg,.. tanpigy transgenes, and mimicking many critical hallmarks o AD, show cogmtive delicits and other behavioral
alterations at ages when overt neuropathology is not yet observed, but when intrancuronal Afl, synaptic and cholinergi deficits can
already be described.

0 2006 Elsevier Ltd. All nghts reserved.

Keywards: Intrancuronal amylosd: A nmmal modek: 3xTgAD moce; Leaming and memory; Neuropsychatne-like symploms: Actvaty; Circadian thythms;
Emouon; Psychoss
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BPSD-like changes
2.5 month old 3xTgAD mice
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Changes BPSD-like in
6 month old 3XTgAD mice
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Alterations BPSD-like
12 month old 3XTgAD mice
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Sundawning-like behavior
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Learning and Memory Deficits

Morris Water Maze
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L earning and Memory deficits

Morris Water Maze

12 month old
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Table 1. Temporal course of behavioral changes observed in males and females of a Spanish colony of 3xTg-AD
Versus MNTg mice

Stages of newrodegenaration

Behavior nseat Earlv hModerate Advanced
parameters (2.5m) stages (d m) stages (6 m) stages {12 m or more )

[ncreased sensorumotorn funtion ’ n.s
BPSD-like symptoms

Emotionality

Menfobia

Eeduced exploration in ansiogemc places

Anxietv-hke behaviors

Hy presra Livans

Dresinhibition

Impulsivity

Reduced novelty secking

Dwvsiunction of startle response

Lrvstunction of prepulse inhibation
Cogihion

Spatial Working memaory deficits +
Spatial Short-term memory deficits .2 n.s
Spatial Long-term memory deficits n i
Instrumental conditiomng deficits n.: +4
Alteration Crrcadhan rhvthms n : +

Wotes: Genotvpe effects: n.s. non-sizmhbcant differences. n.a. not assessed in our colony of mice. +, ++., +++ - hagher
levels in 3x Te-AD than NTe mice | P < 0.03, P < 0,01, and P < 0.001, respectivelv). The appearance of AD patholowy at
different ages: 2.5 months (onset of ATy no neuropathelogical manifestation); four months { early stages; intracellulas
LB immunareactivity )i six months (moderate stages: extracellular AR deposits but stll no tan alterations b: 15 months

{advanced stages; AR deposits in many cortical regions and tau hvper phosphonlation ). Rels. [ 30, 60, 63—65]
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ARCHIVAL REPORT

Intraneuronal 3-Amyloid Accumulation in the
Amygdala Enhances Fear and Anxiety in Alzheimer’s

Disease Transgenic Mice

Judit Espana, Lydia Giménez-Llort, Jorge Valero, Alfredo Minano, Alberto Rabano,
José Rodriguez-Alvarez, Frank M. LaFerla, and Carlos A. Saura

Background: Alzheimer’s disease (AD)is characterized by progressive memory decline and neuropsychiatric symptoms. Despite common
emotional symptoms in AD such as anxiety and fear are associated with a more rapid cognitive decline, the pathological mechanisms
involved in these behavioral changes remain largely elusive. In this study, we examined the pathological mechanisms of emotional behavior
in well-established AD transgenic mice expressing human mutant B-amyloid {AR) precursor protein (APP,.; and APP,, .4 and tau
(3xTg-AD).

Methods: We evaluated unconditioned and conditioned fear-induced freezing behavior and spatial memory in APP ., APP.,, .4 and
3xTg-AD transgenic mice. The AB and tau pathologies and signaling pathways involved in emotional processing were studied by immuno-
histochemistry and immunoblotting analyses.

Results: The APP, /APP. . . and 3xTg-AD transgenic mice displayed at early ages enhanced innate and conditioned fear symptoms and
spatial memory deficits coinciding with enhanced accumulation of AB in y-aminobutyric acid (GABA)ergic and glutamatergic neurons,
respectively, of the basolateral amygdala (BLA). Similarly, the number of neurons with intraneuronal AB40 and AR42 was significantly
increased in the BLA of human AD brains. Fear responses might reflect an influence of anxiety, because the anxiolytic compounds valproate,
diazepam, and buspirone reduced efficiently unconditioned and conditioned fear responses in APP transgenic mice. In addition, phosphor-
ylation of extracellular signal-regulated kinase (ERK) 1/2, which s critical for acquisition and consolidation of fear conditioning, was increased
in the amygdala of APP transgenic mice after cued conditioning.

Conclusions: We propose a deleterious role of intraneuronal AR on amygdala-dependent emotional responses by affecting the extracel-
lular signal-regulated kinase/mitogen-activated protein kinase (ERK/MAPK) signaling pathway.

0006-3223/09/536.00 BIOL PSYCHIATRY 2009;xx:xxx
doi:10.1016/j.biopsych.2009.06.015 © 2009 Socicty of Biological Psychiatry

Esparia etal. Biof Psychiatry (2010) 67(6): 513521
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v Validation (Guideliness)
v" Screening and validation of the model

3d Neuroimmunosenescence

J White Paper for the Use of Atypical
Antypsichoticsin AD patients

d Metabolic syndrom




Behavioral Neuroscience

v Validation (Guideliness)
v" Screening and validation of the model

v Lifeevents+ Lifestyle (Non-Pharm)
v Ethogram + Social behavior
1Soledad

JPermanent Family Structure
JCarmen




Behavioral Neuroscience

v Validation (Guideliness)
v" Screening and validation of the model

v Lifeevents + Life style (Non-Pharm)
JEarly postnatal and Late Handling
JEnvironmental Enrichment
JExercice Forced (Treadmill)
JEXxercice Voluntary (Wheel)




Behavioral Neuroscience

v Validation (Guideliness)
v" Screening and validation of the model
v Lifeevents+ Lifestyle (Non-Pharm)

v External actions (Pharmacol, Molecular)

O Huprine X, Huperzina A, Dine 3
L Memantine + Mynocycline

O _New Marine drugs

0 5HT4

O sc-Fv-h3D6
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Table 2. Several functional parameters in immune cells

from voung to old 2 xTg-A versus NTg female mice
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Table 3. Oxidative stress parameters (antioxidants and
oxidants) in the spleen of voung and adult 3xTg-AD
versus NTeg mice
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ScFv-h3D6 IMPROVES
COGNITION AND MODIFIES THE
AB-PEPTIDE AGGREGATION
PATHWAY

IN 3xTg-AD MOUSE MODEL OF

ALZHEIMER'’S DISEASE
Giménez-Llort et al., mAbs 5:5, 1-13, 2013

Mean latency {=)
Latency 15)

B 858835838

s
o

single-chain variable fragment scFv-h3D6, a
which has been shown to be capable of avoiding the in T 1
vitro toxicity induced by the Ap peptide in PT1 PT2 PT3
neuroblastoma cell-cultures by withdrawing Ap

oligomers from the amyloid pathway

Villegas, UAB
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Biological bases of environmental stimulation in NDD

Handling (PND1 -PND21) Strategies

Preventive
1
Control |

Handling
EE aﬁ?ﬁ

Therapeutical
Control |

Enrichment (PND21-6m) EE |
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|][ ““m‘h - Efectos de los tratamientos de handling {H),
enriguecimiento ambiental (E) y su combinacion (HE)

en la morfologia neuronal de la region CA1

ﬁi. hhhn & :il l h f-o | enratas RLA

I
|!|4

C: ratas viejas no tratadas
Y: ratas jovenes no tratadas

Fernandez-Teruel et al., Behav. Genetics, 1997
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ElTect of Environmental Ennichment on
the Immuneendocrine Aging of Male and
Female Triple-Transeseme 3xTo-AT Mice
for Alzhermer’s Dhisease

' laabl Bazea®, Ly dia @il o k=L2onm” nd Moo D Lo Fae

o L Bl of Baokog, Coaplars

Cognitive and emotional profiles of aged Alzheimer’s disease
(3 x TgAD) mice: Effects of environmental enrichment
and sexual dimorphism

Gloria Blazquez*, Toni Canete, Adolf Tobefa, Lydia Giménez-Llort, Alberto
Fernandez-Teruel

HIGHLIGHTS

® Aged 3 < TgAD mice show deficits in spatial learning, short-term and working memory,
* 3 TgAD mice show signs of increased anxiety and normal sensorimotor functions.

* Sexual dimorphism is reflected by increased behavioral inhibition in males.

* Sexual dimorphism is reflected by increased cognitive deficits in females.

* Environmental enrichment in adulthood induces beneficial effects on working memory,

Table |
Effect ofemvironmental enrichment on the mortality ratioin 3xTeAD
mice from early (6 month-old) 1o advanced (15 month-old ) stages
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Gender-Spec ific Nenroimmunocndocrine Response to
[readmill Exercise in 3xTg-AD Mice

Effects of exercise

Increases cerebral function
Protects from neurodegeneration
Improves cognition and emotiosn

(Depr)

Oxidative stress
Atenuates ROS production
Increases antioxidant capacity

Growth factors

BDNF, VEGF, FGF-2, NGF, IGF-1
Gens for synaptic plasticity, L&M
Neurogenesis &Angiogenesis

Beta-amiloid neuropathology
Increases proteasoma degradation

MAPK, PI3K, PI/Akt signalling
pCREB transcription factor
NMDA (NR2A NR2B)
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