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AGING, RISK FACTORS, 
PREVENTION of AGING-

RELATED 
NEURODEGENERATIVE 

DISEASES



Millions of persons over the age of 65 for the years 1975, 1997, 2025

Am= Americas (North and South America, Canada, and Mexico), E Med= Eastern 
Mediterranean (including all nations of the Middle East), Eur=Europe, SE=South 
East Asia (including India), West Pac Western Pacific (including China).



DELAYED RECALLS IN HEALTHY SUBJECTS

Scores for young adults and optimally healthy aged human subjects on a test of delayed recall 
that requires the integrity of the medial temporal lobe memory system. Note that although there 
is a significant overall decline with age, performance is highly variable across aged individuals. 
Data courtesy of M.S. Albert, Massachusett General Hospital, Harvard University



LEARNING SCORES FOR YOUNG AND AGED RATS IN A 
WATER MAZE TEST

Learning scores for young adult and aged 
rats on a water maze test of spatial learning 
that requires the hippocampus. This measure 
of performance reflects the average distance 
of an animal from the goal location over the 
course of testing, and lower scores reflect 
better learning. Note that although the 
performance of the aged group is worse than 
for the younger cohort (compare group 
means represented by the horizontal bars), 
there is substantial variability among the 
aged rats and about half learn as well as 
young adults. Data courtesy of M. Gallagher, 
Johns Hopkins University. 



NEURON NUMBER IN THE HIPPCOAMPUS IN 
BEHAVIORALLY TESTED RATS

Values are for one hippocampus from each brain. 
Half of the aged rats exhibited substantial spatial 
learning deficits in the Morris water maze (aged 
impaired); the other half performed within the range 
of learning scores for the young group (aged 
unimpaired). (A) Mean estimated total neuron 
number (+standard error) in the granule cell layer for 
young, aged-unimpaired, and aged-impaired rats. 
Average granule cell number is comparable across 
the groups. (B) Mean estimated total neuron number 
(+SE) in CA3/2 (left) and CA1 (right) pyramidal cell 
fields of the hippocampus for behaviorally 
characterized young and aged rats. Neuron number 
does not differ with age or cognitive status. (C) 
Scatter plot of total neuron number in the CA3/2 
hippocampal field for individual rats plotted as a 
function of spatial learning scores (lower values 
indicate better learning). Neuron number is stable 
with age and across a broad range of learning 

capacities. Rapp and Gallagher (1996).



Mattson and Magnus, 2006



Environmental enrichment reduces BA levels and amyloid
deposition in transgenic mice (Lazarov et al, 2005)

Quantitative analysis of volume of amyloid burden in brains of standard housingand enriched mice. Volume is in 
arbitrary units (mean cubic pixels ± SE, ANOVA, p % 0.0374).
Reduced number and size of thioflavineS-stained amyloid deposits in the hippocampus and cortex of enriched 
versus standard housing mice. Thioflavine S-positive amyloid deposits in brain sections of enriched (Enr; Ca, Cb, 
Ce, and Cf) and standard housing mice (SH; Cc, Cd, Cg, Ch). Size and abundance of thioflavine-positive structures 
in enriched (a = low power; b = high power) is reduced compared to standard housing mice (c = low power; d = 
high power). For (Ca) and (Cc), scale bar, 250 m. For (Cb) and (Cd), scale bar, 120 m. Double labeling with 
thioflavine S and anti-Aβ 3D6 antibodies reveals overlap staining at the core of the amyloid deposits, while the 
periphery of the deposit is stained mostly with anti-Aβ 3D6 antibodies (Cg and Ch). In contrast, the vast majority of 
amyloid deposits in brain sections of enriched mice had little 3D6-positive peripheral staining (Ce and Cf). Scale 
bar, 60 um.







Mattson and Magnus, 2006



executive        social behavior   motivation
Three behaviorally relevant 
frontal-subcortical circuits..
DLPFC, dorsolateral prefrontal 
cortex; GP, globus pallidus; SN, 
substantia nigra; Nu accumbens, 
nucleus accumbens; Ant cingulate, 
anterior cingulate; OF, 
orbitofrontal.

Regional involvement of frontal-subcortical circuits by dementia syndromes
FTLD, frontotemporal lobar 
degeneration; AD, Alzheimer’s 
disease; CJD, Creutzfeldt-Jakob 
disease; VaD, vascular dementia; 
DLB, dementia with Lewy bodies; 
PD, Parkinson’s disease; CBD, 
corticobasal degeneration; PSP, 
progressive supranuclear palsy; 
FFI, fatal familial insomnia; 
GP/SN, globus pallidus/substantia.



Differential anatomic vulnerability to major types of protein 
metabolic abnormalities involved in dementing disorders

Hippocampal

Medial temporal

DLPFC, dorsolateral prefrontal cortex; GP/SN, globus pallidus/substantia nigra; FTLD, 
frontotemporal lobar degeneration; PSP, progressive supranuclear palsy; CBD, 
corticobasal degeneration; DLB, dementia with Lewy bodies; PD, Parkinson’s disease; 
MSA, multiple system atrophies; AD, Alzheimer’s disease.



Disinhibition in protein metabolic abnormalities

FTLD and PSP are primary tauopathies; AD is a secondary tauopathy. AD, Alzheimer’s disease; FTLD, 
frontotemporal dementia; PSP, progressive supranuclear palsy; CBD, corticobasal degeneration; DLB, 
dementia with Lewy bodies; PDD, Parkinson’s disease with dementia (From Cummings, 2004)



From Adams and Victor, 1993



Cummings, 2004
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retrieval deficit with poor recall 
(frontal variant of AD); recognition 
(amnestic)  for recently learned 
info (both semantic and episodic) 
[parietal-temp lesion]

inability to focus and direct 
cognitive processes and to resist 
distraction, unable to focus and 
sustain attention over a period of 
time

difficulty copying 
complex figures, 
problems with route 
finding and dressing

poor judgment, impaired insight, 
poor strategy, abstraction, planning 
inability to adjust to novelty, 
impaired motor programming, 
difficulties with set shifting, 
behavioral inhibition,  reduced 
initiation, imitation, inability to 
withhold responses, distractibility, 
intrusions, perseveration, reduced 
responses to feedback

apathy, depression, agitation, 
anxiety,   obsessive 
symptoms, sexual changes,  
euphoria, Psychosis 
(delusion, hallucinations)

anomia progressing to TCS 
aphasia; echolalia and 
palilalia late in course.
TCS: Disturbance of single 
word comprehension with 
relatively intact repetition



Processing of emotional information in AD

Images of a person drawn by a patient with AD over a 3-year period and showing progressive loss of the ability to 
reproduce the features of the face. The patient was copying the same target figure on each occasion. The progression is 
from left to right beginning at the top left. The diagnosis of AD was confirmed at autopsy (From Cummings, 2004)



NEUROPSYCHIATRIC SYSMPTOMS IN AD

Percent of patients with scoreable symptoms on the Neuropsychiatric Inventory (n = 50). Del, 
delusions; Hall, hallucinations; Dep, depression; Anx, anxiety; Apa, apathy; Irrit, irritability; Aggr, 
aggression/agitation; Disin, disinhibition; AMB, aberrant motor behavior.



NEUROPSCHIATRIC SYMPTOMS IN AD ACCORDING TO 
DISEASE SEVERITY

Mild, Mini-Mental State 
Examination (MMSE) 
scores 30-29; Moderate, 
MMSE scores 20-11; 
Severe, MMSE scores 10-0 
(n = 50). Del, delusions; 
Hall, hallucinations; Agit, 
agitation; Dysph, dysphoria; 
Anx, anxiety; Euph, 
euphoria; Apa, apathy; 
Disin, disinhibition; Irrit, 
irritability; AMB, aberrant 
motor behavior.



a: Diffuse β-amyloid deposits in the frontal cortex stained 
with monoclonal antibody 4G8 x 50. Braak and Braak

b: Primitive plaque without central amyloid core or 
dystrophic neurites. Modified Bielschowsky silver stain x 
200. Braak and Braak.

c: Classical plaque with central amyloid core and peripheral 
crown of dystrophic neurites. Modified Bielschowsky stain 
x 200 . Braak and Braak.





NEUROFIBRILLARY TANGLE IN AD

(Vinters, UCLA, From Cummings, 2003)



8

a: forms of extracellular BA protein deposits. b: neuritic plaques, tangles and neuropil threads. c: first traces of tangle 
material, d: the mature tangle fills the cell body, e: extraneuronal ‘ghost’, f-m: neurofibrillary tangles in different cell 
types of the hippocampus, n: tangle-bearing isocortical layer IIIab-pyramidal cell, o: ghost tangle in CA1. Silver 
technique. Braak and Braak.





7

PET study of amyloid ligand C11-BTA in an AD patient (upper panel) compared to a normal control subject (lower panel). 
Amyloid signal elevation is seen in the parietal and frontal lobes in the upper left (transverse view) and in the frontal lobe 
and posterior cingulate cortex (lateral view). The control scan shows no amyloid uptake. (W. E. Klunk and C. Mathis, 

University of Pittsburgh.) 



FRONTAL and PARIETAL HYPOMETABOLISM  IN AD
NORMAL AD FR-TEMP DEG

Fluorodeoxyglucose positron emission tomogram (FDG PET) of a normal elderly individual (left), 
patient with Alzheimer’s disease (middle), and patient with frontotemporal lobar degeneration (right). 
Frontal involvement is seen in AD and frontal hypometabolism in frontotemporal lobar degeneration. 
(J Felix and A Toga, Laboratory of Neuroimaging, UCLA School of Medicine.)



Hypothetical relationships across molecular, structural, and functional measures

Each image represents the projection of original data onto the cortical surface of the left hemisphere. Three patterns 
emerge. First, regions showing default activity in young adults are highly similar to those showing amyloid
deposition in older adults with AD, including both posterior cortical regions and anterior regions. Second, atrophy 
and metabolism disruption in AD prominently affect the posterior cortical regions also affected by amyloid
deposition and less so the anterior regions. Third, the regions affected in AD and those active in default states in 
young adults overlap memory networks showing retrieval success effects during recognition in young adults 
(Buckner et al., 2005). 



Quantitative EEG 
maps showing 
increased slow 
wave activity in 
psychotic patients 
(a) compared with 
nonpsychotic
patients (b) with 
AD (Edwards-Lee 
et al., 2000).



a: Jellinger, 1990; Mioyoshi and Sato, 1991; b : 
Manns et al., 1991; c: Masliah et al., 1991; d: 
Xuereb et al., 1991 
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The basal forebrain cholinergic system









Summary of the major pathways for cholinergic innervation of the cortical mantle by the 
magnocellular basal complex (Saper, 1990).
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Maps of  rostro-caudal cholinergic neurons (stained with the antibodsy against choline acteyltransferase) in serial 40 
um coronal sections of the basal forebrain in human. Ch1-Ch4 nomenclature according to Mesulam. From Lehericy
et al. 1999



Maps of coronal sections in the 
human brain. ChAT staining. From 
Lehericy et al
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(Geula and Mesulam, 1994)
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ACHE-positive cholinergic fibers in LIII of the cingulate cortex of a 
normal person and of a 67-year old patient with AD. The cingulate
cortex shows a remarkable preservation of cholinergic fibres, however, 
this area contains high density of amyloid plaques and tangles. (Geula
and Mesulam, 1994)

AChE-positive cholinergic fibers in layer III of the auditory assoc. 
cortex of a 71 year old normal person and of a 67-year old patient 
with AD. This region displays severe loss of cholinergic neurons, 
accompanied by a high density of plaques and tangles (NFT).



Cortical distribution of cholinergic deficit in AD

Geula and Mesulam, 1994

Cortical distribution of the cholinergic deficit in Alzheimer’s disease. 
Gray areas have no consistent reduction of cholinergic markers; 
magenta indicates reduction of 40-50%; light blue, reduction of 
50-60%; purple, reduction of 60-70%; and yellow, reduction of 
70-80%. (J Felix, Laboratory of Neuroimaging, UCLA School of 
Medicine).



The Mount Sinai Study

Median of ratings of neuritic plaque density using 
the neuropathological battery of the CERAD. 
0=absent; 1=sparse; 3= moderate and 5=severe in 
the hippocampus, entorhinal cortex and amygdala.

Mean density of neuritic plaques in 5 neocortical regions 
as a function of dementia severity. (Haroutunian et al., 
1998)



Neurofibrillary tangles. THE MOUNT SINAI STUDY

Density of neurofibrillary tangles in four neocortical regions and in the entorhinal cortex, hippocampus and 
amygdala in non-demented (CDR score 0), questionable ( CDR= 0.5), moderately (CDR=2) and demented 
(CDR=5) subjects. The y axis represents the median of Consortium to Establish a Registry for Alzheimer’s 
Disease (CERAD) neurofibrillary ratings (0 indicates none; 1 sparse; 3=moderate and 5=severe). 
(Haraoutuniqan et al., 1999)



CHOLINERGIC DEFICIT IN THE CORTEX

Activity of ChAT in 9 cortical regions as a function of dementia severity. Relative to the group without dementia 
(CDR score=0), the activity of ChAT was significantly reduced (p<0.001 for all) in the CDR 5.0 group only. BA 
indicates Brodmann area. (Davis et al., 1999)



CORRELATION OF CHAT ACTIVITY WITH PLAQUES AND 
TANGLES

Correlation of ChAT activity in the superior temporal gyrus (Brodmann area 22) with 
neuirtic plaque density (left chart) and neurofIbriallary tangle density (right chart) for 
the entire cohort. (Davis et al., 1999)
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TANGLES AND ALZ-50-IR IN THE HIPPOCAMPUS

A. Thioflavin S-stained neurofibriallary
tangles in layer II of the entorhinal cortex 
in AD. These neurons give rise to major 
component of the perforant pathway that 
links the cortex with the dentate gyrus. 

A B: Alz-50 terminal immunoreactivity in 
the outer two thirds of the molecular 
layer of the dentate gyrus in an area that 
would correspond to the terminal zone of 
the perforant pathway. This pattern of 
immunoreactivity suggests that the AD 
antigen recognized by Alz-50 is located 
in the terminals of LII entorhinal
neurons. The granule cells of the dentate 
gyrus (SG) have been stained with 
thonin.

(G. van Hoesen)

B



Note the primary auditory coretx (Brodmann’s area 41 and 
42 is largely spared.  The dorsal and lateral parts of area 22, 
the sensory association cortex, are also relatively spared. 
More distal auditory association areas in the upper bank of 
the superior temporal sulcus contain extensive pathology  
(Mesulam)

Distribution of NFTs in the auditory cortex from a case of AD



Development of neurofibrillary tangles and neuropil threads 
from transentorhinal to isocortical stages

Increasing density of shading indicates increasing 
severity of the pathological changes. (Braak and Brrak, 
1994)

Neuropathological staging of AD-related changes in 
the anteromedial portion of the temporal lobe, (Braak
and Braak, 1994).



Neurofib. changes seen in anteromedial portions of the temporal lobe

Summary development 
of changes from stage I 
to stage VI of AD. 
Fd=fascia dentata; 
gr=granula, 
mo=molecular layer. 
CA1: m=molecular; 
p=pyramidal; o=oriens; 
a=alveus. (Braak and 
Braak, 1994) 



Neurofibrillary changes seen in the occipital cortex

Summary diagram of neurofibrillary
changes seen in the occipital cortex in 
stages III-VI of AD. Left, various 
architectonic schemes to show the 
laminar pattern in the striate (core), 
parastriate (belt) and the peristriata
association cortex (Braak and Braak, 
1994



Hof and Morrison, 1994

Correlation between the distribution of NFT/SP and cortico-cortical 
projections



a b c

Simplified diagrams of connections between the isocortex and 
subcortical ‘centers’ of the motor cortex (a); connections between 
imortant centers of the ‘limbic’ system (b) and diagram of 
connections between the isocortex and ascending subcortical
modulatory centers (Braak and Braak, 1994).



Predilection sites for 
amyloid deposits (b) 
and neurofibrillary
changes. Compare 
with Plate 28 for 
identification of 
boxes. (Braak and 
Braak, 1994).



GENETIC DEFECTS IN AD AND DOWN SYNDROME



A: Domain structure and functional map of APP 
showing location of the BA4 region (shaded). 
The APP-770 transcipt includes a Kunitz
protease inhibitor-motif (from Hardy).

B: Schematic showing the BA domain, residing 
partially in the transmembrane, partially 
extracellularly. Note the alfa and Beta-secretase
cleavage sites and the positions of APP mutations 
linked to familial AD. Cleavage at residues 40 
and 42 is thought to be the result of the gamma-
secretase (from D. Price).

THE AMYLOID PRECURSOR PROTEIN and The Beta Amyloid
A



APP and its cleavage sites  by alfa, beta and gamma secretases

Cell membrane

A B

A: APP mutation helix. The relationships between mutation sites 
and the cleavage sites are indicated. Gray area: membrane 
(Hardy). B: Schematic drawing showing the cleavage sites of the 
alfa, Beta and gamma-secretase and the resulting fragments. The 
left side shows the APP, the right the Notch proteolytic
processing. sAPP= soluble APP, CT= C-terminus fragment; Tr
sAPP=truncated sAPP; p3=fragment. ANK, LN, EGF = different 
Notch domains



Putative intramembranous processing of APP at the proposed active 
site of the gamma-secretase/PS1 aspartyl protease

Shown is the entire amino acid sequence of PS1 (blue circles) and a portion of the COOH-terminal sequence of APP (green circles). 
Mutations in each molecule known to cause familial AD are depicted in red. The principal sites at which  the  beta, alfa, gamma and 
epsilon  protease cleavages of APP occur are indicated by small scissors (89-91). The two amino acid residues between which the 
principal endoproteolytic cleavage of PS1 by a presenilinase takes place are shown in dark blue. The two intramembranous aspartate
residues in PS1 that may represent the active site of gamma -secretase are highlighted in yellow (Hardy-Selkoe, 2002)



Hypothetical scheme to show the APP-metabolite-induced 
toxicity through the disruption of ionic balance

APP is processed through the Golgi apparatus and is either (1) metabolized to sAPP, CT and BA fragments and released from the cell or 
(2) transported to and incorporated into the membrane as full-length APP. (3) APP might be cleaved to release sAPP or (4) might be 
transported to the endosomes or lysosomes. Intracellular CT fragments and BA might (5) form ion channels in the cell membrane or (6) 
puncture holes in Ca2+ stores. Both actions could result in ionic imbalance  and cell damage (7-8), leading to cell death through 
apoptosis or necrosis. BA fragments released from the cell could modulate surrounding transportes (10), ionic pump or exchangers (11), 
receptors (12) ion channels (13) and form de novo ion channels (14). (Fraser et al).



The apoE/cholesterol metabolism story
cholesterol secreted by 
astrocytes bound to large 
lipoprotein particles 
containing apoE. These 
particles are internalized 
by neurons, leading 
increased cholesterol 
within neuronal 
membranes. Cholesterol 
is needed to activate 
signaling pathway that 
triggers synaptogenesis
–either an apoE receptor 
pathway or another 
signaling pathway such 
as the sonic hedgehog, 
Wnt cascades.  
Alternatively, a 
sufficient amount of 
cholesterol itself might 
be needed to support the 
structural demands of 
synaptogenesis (Science, 
294,1296, 2001). 



Genes influencing beta-amyloid life cycle with some therapeutic interventions

Green arrows indicate steps in the pathway that might be potentiated as a 
means for preventing accumulation of cerebral BA, while red crosses indicate 
potential inhibition points

(Tanzi and Bertram, 2005)



ApoE alleles modulate normal and pathological aging

In healthy, non-demented elederly brains, ApoE4 carriers (E4/E3) have 16% fewer dendritic spines in 
hippocampal dentate granule neurons than ApoE3 homozygotes (E3/E3). In AD, the effect of ApoE4 shows an 
allelle-dose response: E4/E4 carriers display a 28% reduction in spine density. This effect might originate in 
midlife because tarnsgenic Apo4 mice at 1 year of age have fewer dendritic spines than weanlings (Ji et al., 
2003)



Microglia activation and inflammatory molecules in Alzheimer's diseases

Microglia are bone marrow–derived cells that acquire ramified morphology in the intact CNS. In response to Aß
deposition in AD, microglial cells are activated and differentiate into phagocytic cells (CD11b+) (left), which induce a 
proinflammatory environment and secrete IL-1ß, TNF- , NO, free radicals, chemokines, and activate complement. The 
NO secreted by CD11b+ cells may enhance T cell apoptosis in the CNS. A second pathway for microglial cells is to 
differentiate into antigen presenting cell [APCs] (right), which are induced in the presence of GM-CSF and/or IFN-
secreted by microglia, astrocytes, or other immune cells (T cells, macrophages) that infiltrate the CNS. As a result, 
microglia cells differentiate to dendritic-like cells that then may function as APCs for both TH1 and TH2 cells. These 
cells also may migrate from the CNS to secondary lymph nodes and induce T cell activation. In AD, this pathway could 

suppress the toxic innate immune response and can be enhanced by TH2 immunization (Monsonego and Weiner, 2003).



TROPHIC FACTORS 

Hipp. pyramidal n: BDNF, NGF, IGF, bFGF

BFC: NGF, BDNF,

Striatal medium sized spiny: NGF, BDNF

SN dopaminergic n: GDNF, BDNF

Motor neurons: IGF1, BDNF



Composition of receptors for various trophic factors



SIGNALING BY TROPHIC FACTORS

Signaling endosomes mediate a retrograde neurotrophic signal. Neurotrophins
(purple spheres) released by target tissues (T) bind to and activate Trks (blue) 
at the nerve terminal. Activated Trks (starred) undergo endocytosis to form 
signaling endosomes (white circles). Dynein (white bars) transports Trk-
containing signaling endosomes retrogradely along microtubules to the cell 
body. Activated Trks initiate signaling throughout the transport process, both 
in the axons and at the cell body.



SIGNALING AT THE AXON AND THE CELL BODY

Local signaling within the axon. Neurotrophin
(purple spheres) binds to Trks (blue) at the nerve 
terminal. Local activation of the PI3 kinase
cascade promotes both axon outgrowth and 
receptor endocytosis. Activated endosomal Trks
within the terminal and axon might be primarily 
responsible for activating the Erk1/2 pathway, 
which also contributes to axon growth. 

Signaling at the cell body. As retrogradely transported 
Trk-containing endosomes reach the cell body, they 
activate at least two signaling pathways, both of which 
promote survival. Activation of PI3 kinase (PI3K) 
prevents apoptosis through stimulation of the anti-
apoptotic kinase AKT. Trk-mediated Erk5 activation at 
the cell body results in activation of the transcription 
factors CREB (via activation of the intermediate kinase
Rsk/MSK) and MEF2 to support survival (Heersen and 
Segal, 2002)



NGF, TrkA, p75 in normal condition (a) and in AD (b)
• In cholinergic neurons of the BF in 

individuals with AD, ChAT 
immunoreactivity, cell size and 
number, and NGF and TrkA levels are 
decreased. In the hippocampus of 
individuals with AD, ChAT levels and 
ACh-mediated signaling are reduced 
but NGF levels are increased or 
unchanged. In the hippocampus and 
BF of individuals with AD, APP 
expression and A  aggregate levels are 
increased, whereas secreted (trophic) 
sAPPs are decreased. There are also 
degenerating terminals in the 
hippocampus. These altered levels 
indicate that NGF retrograde transport 
or NGF binding to trkA receptors, or 
both, are reduced in the individuals 
with AD, which results in 
inappropriate trophic support of the 
cholinergic system during 
degenerative disease 

• A:  amyloid ; ACh, acetylcholine; AD, 
Alzheimer's disease; APP, amyloid
precursor protein; ChAT, choline 
acetyl transferase; DS, Down's 
syndrome; NGF, nerve growth factor; 
sAPP, soluble APP; TrkA, tyrosine 
receptor kinase A. 
(Isacson et al., 2002)



MECHANISM OF NEURODEGENERATION IN AD: A SUMMARY



1992

In the amyloid-cascade hypothesis, the deposition of B-amyloid protein in brain parenchyma is the pivotal event. B-
amyloid deposition can be triggered by mutations in the gene encoding the APP or by binding to apoE4. B-amyloid
deposition then leads to the formation of neuritic plaques, NFts and nerve cell death (Hardy, 1992).

1998

The relationships between BA and tau and between AD and FTDP-17 
(front-temporal dementia). The link between BA42 overproduction and 
tau dysfunction is presently uncertain and represented by a ? mark. In 
addition, it is unclear whether tau dysfunction leads directly to cell death 
or if the formation of NFTs are a necessary intermediate (Hardy, 1998).

A possible mechanism fro the spread of focal 
B-amyloid deposition in AD (Hardy, 1992)



2002

The curved violet arrow indicates that 
AB oligomers may directly injure the 
synapses and neurites of neurons, in 
addition to activating microglia and 
astrocytes.



The tau and tangle hypothesis. Tau binding to microtubules is disrupted by phosphorylation, directly by mutations 
that alter  isoform expression. Decreased tau binding to microtubules might result in increased free tau which, under 
the appropriate conditions will self-aggregate to form insoluble paired helical filaments.  ? Mark indicates the 
putative  role of amyloid induced increased GSK-3 (glycogen synthethase kinase) activity that leads to increased 
tau phosphorylation (From Mudher and Lovestone, 2002).

?

POSSIBLE RELATIONSHIP BETWEEN AMYLOID AND TAU PATHOLOGY 



The wnt signalling hypothesis. Wnt transduces a signal through dvl and protein kinase C (PKC). Wnt and dvl increase 
secreted sAPP and inhibit glycogen synthase kinase 3 (GSK-3B) phosphorylation of tau. Both processes might be 
normal. Loss of wnt signal would result in decreased sAPP, increased tau phosphorylation and both pathological 
hallmarks (plaques and tangles) of AD. JNK, c-Jun N-terminal kinase; MAPK, mitogen-activated protein kinase
(Mudher and Lovestone, 2002)

POSSIBLE RELATIONSHIP BETWEEN AMYLOID AND TAU PATHOLOGY 
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Hierarchical model of behavior applied to dementia disorders. Changes in protein 
metabolism lead to cell death and transmitter deficits in neural systems that produce 
clinical phenotypes and lead to social and occupational disability (from Cummings, 2004).



MODELS OF AD



EXPERIMENTAL AD MODELS USING TROPHIC FACTORS

Septohippocampal cholinergic pathway

Effect of axotomy or target removal on the 
survival of BF cholinergic neurons (Gage) 

Methods to deliver trophic factors (Cuello)



MOUSE MODELS of ALZHEIMERS DISEASE

PDAPP: First mutant APP transgenic model with robust plaque pathology. Mice express a human 
APP cDNA with the Indiana mutation (APPV717F). Plaque pathology begins between 6–9 months in 
hemizygous PDAPP mice. There is synapse loss but no overt cell loss and no NFT pathology is observed. 
This model has been used widely in vaccination therapy strategies.

Tg2576: Mice express mutant APPSWE under control of the hamster prion promoter. Plaque 
pathology is observed from 9 months of age. These mice have cognitive deficits but no cell loss or NFT 
pathology. It is one of the most widely used transgenic models.

rTg4510: Inducible MAPT transgenic mice using the TET-off system. Abnormal MAPT pathology 
occurs from one month of age. Mice have progressive NFT pathology and severe cell loss. Cognitive 
deficits are evident from 2.5 months of age. Turning off the transgene improves cognitive performance 
but NFT pathology worsens.

PSEN1M146V or PSEN1M146L (lines 6.2 and 8.9, respectively): These models were 
the first demonstration in vivo that mutant PSEN1 selectively elevates Aβ42. No overt plaque pathology 
is observed .

3×TgAD: Triple transgenic model expressing mutant APPSWE, MAPTP301L on a PSEN1M146V 
‘knock-in’ background (PSEN1-KI). Mice develop plaques from 6 months and MAPT pathology from the 
time they are 12 months old, strengthening the hypothesis that APP or Aβ can directly influence 
neurofibrillary pathology.



Mutant PSEN1 accelerates amyloid deposition in mutant APP (Tg2576) mice. Representative 
sections from the entorhinal cortex of 17-month-old aged-matched PSAPP mice, expressing (a)
mutant PSEN1 and (b) mutant APP transgenes, and Tg2576 transgenic mice expressing (c,d) mutant 
APP, immunostained with a (a,c) pan- Aβ antibody or stained with (b,d) Thio-S Tg2576 mice 

develop plaque pathology from  9-12 months of age. (McGowan et al.,2006)



Neurofibrillary pathology is associated with neuronal loss and brain atrophy in mutant MAPT transgenic mice (rTg4510). 
At 9 months of age there is widespread neurofibrillary pathology in many forebrain structures, including the cortex, 
hippocampus, striatum and hypothalamus. These sections were immunostained with the MAPT antibody, Ab39, which 
specifically labels mature NFT, and were counterstained with hematoxylin. rTg4510 mice have significant forebrain 
atrophy compared with non-transgenic age-matched control littermates, as shown in (c), and have significant decreases in 
whole brain weight from an early age (McGowan et al., in press).



Intrahippocampal administartion of Anti-BA antibodies clears both 
intracellular and extracellular BA aggregates and tau pathology, 
provided that intervention occurs early in the disease course

The anti-A monoclonal antibody, 1560, was administered 
via intra-hippocampal injections into 12-month-old 
hemizygous 3xTg-AD
mice.
(A) Low-magnification view of the hippocampus/neocortex 
the contralateral (uninjected) and ipsilateral (injected) sides. 
Arrows on the right side denote the cannula track. Note the 
reduction in the number of A immunoreactive deposits in 
the ipsilateral side  of injection.

Oddo et al., 2004



Potential Treatments for Alzheimer’s Disease



Potential Treatments of AD (cont.)



Treatment algorithm for pharmacologic 
management of patients with 
Alzheimer’s disease (Cummings, 2004)

Cholinesterase inhibitors (ChE-Is,): tacrine, 
donepezil, galantamine, rivastigmine

Psychosis is treated with atypical 
antipsychotics (olanzapine, risperidone), 
5HT reauptake inhibitors, conventiona
neuroleptics (haloperidol); anticonvulsans; 
benzodiazepines; psychostimulants



Cholinesterase inhibitor: galantamine

Galantamine reduced depression, anxiety, and agitation in patients 
exhibiting these symptoms (Cumings, 2004)



Neuroprotective treatment: Vit E and selegiline (MAO B inhibitor)

Score changes on the Behavior Rating Scale for Dementia (BRSD) following treatment with vitamin E, selegiline, 

vitamin E plus selegiline, or placebo (Tariot et al., 1995).
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