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AD pathogenesis
the amyloid cascade hypothesis
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Temporal ordering of biomarker abnormalities
A crucial element of biomarker-based staging of AD is
the notion of temporal ordering of diﬀerent biomarkers.
The model that we propose, which relates pathological
stage to AD biomarkers, is based on a largely biphasic
view of disease progression.61,62 In this model, biomarkers
of Aβ deposition become abnormal early, before
neurodegeneration
and
clinical
symptoms
occur.
Biomarkers
of
neuronal
injury,
dysfunction,
and
neurodegeneration become abnormal later in the disease.
Cognitive symptoms are directly related to biomarkers of
neurodegeneration
rather
than
biomarkers
of
Aβ
deposition. We examine evidence to support these
time-dependent assumptions, beginning with evidence
that biomarker abnormalities typically precede clinical
symptoms.

Biomarker abnormalities precede clinical symptoms
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• MCI:
episodic memory loss but negative biomarkers for AD
or not satisfied criteria for prodromal AD, or memory
symptoms not typical for AD also if biomarker
consistent with AD pathology
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Figure 1: Illustration of biomarker staging of Alzheimer’s disease
Three elderly individuals are placed in order from left to right by use of our proposed biomarker staging scheme.
(A) A cognitively normal individual with no evidence of Aβ on PET amyloid imaging with PiB and no evidence of
atrophy on MRI. (B) A cognitively normal individual who has no evidence of neurodegenerative atrophy on MRI,
but has significant Aβ deposition on PET amyloid imaging. (B) An individual who has dementia and a clinical
diagnosis of Alzheimer’s disease, a positive PET amyloid imaging study, and neurodegenerative atrophy on MRI.
Aβ=β-amyloid. PiB=Pittsburgh compound B.
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• Prodromal AD:
cognitive symptoms, including episodic memory loss
not sufficient to affect instrumental activities, but with
positive biomarkers for AD.
Several MCI of the previous criteria can be included

Approximately 20–40% of cognitively normal elderly
people have evidence of significant brain Aβ-plaque
deposition, either from amyloid imaging or CSF Aβ42
concentrations.37,63–66 These data on Aβ imaging and CSF
biomarkers are in agreement with autopsy studies that
also show an AD pathological burden suﬃcient to meet
criteria for a diagnosis of AD in roughly the same
proportion of cognitively normal elderly individuals.3–5
These data support the principle that the presence of
Aβ-plaque deposition alone, even in substantial quantities,
is not suﬃcient to produce dementia, and that abnormalities
in biomarkers of Aβ deposition precede clinical/cognitive
symptoms.67–71 This principle is clearly illustrated by data
from the individual in figure 1B who was cognitively
normal with no evidence of atrophy on MRI, but had a
A
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Revising the definition of AD
a new lexicon

Personal View

CSF is thought to occur as a direct result of tau
accumulation in neurons, particularly axons; this disrupts
neuronal activity and causes release into the extracellular
space of cytoskeletal elements, including tau, which then
appear in the CSF.40,41 Increased CSF tau correlates with
the presence of NFTs at autopsy.42 Of note, for reasons
that remain elusive, similar increases in CSF tau are not
seen in pure tauopathies such as progressive supranuclear
palsy (PSP) and corticobasal degeneration (CBD), despite
the fact that the brains of patients with CBD often show
far more tau accumulation than do the brains of patients
with AD at autopsy.43,44 This might suggest that
extracellular Aβ plaques have an eﬀect on the clearance
of tau released from degenerating neurons in AD, that
diﬀerent species of pathological tau are involved in AD
versus CBD and PSP, or that other factors render tau
more readily diﬀusible and less degradable in AD versus
CBD and PSP.45
FDG-PET is used to measure net brain metabolism,
which, although including many neural and glial
functions, largely indicates synaptic activity.46,47 Brain
glucose metabolism measured with FDG-PET is highly
correlated with post-mortem measures of the synaptic
structural protein synaptophysin.48 In the context of AD,
decreased FDG-PET uptake is an indicator of impaired
synaptic function. FDG-PET studies in patients with AD
show a specific topographic pattern of decreased glucose
uptake in a lateral temporal-parietal and posterior
cingulate,
precuneus
distribution.49
Correction
for
cortical atrophy in patients with AD leaves metabolism
still diminished.50 Greater decreases in FDG uptake
correlate with greater cognitive impairment along the
continuum from normal cognitive status to MCI to AD
dementia.51 Combined imaging and autopsy studies
show
good
correlation
between
the
ante-mortem
FDG-PET
diagnosis
of
AD
and
post-mortem
confirmation.52 In cognitively normal elderly individuals,
correlations are seen between decreased FDG-PET
uptake and both low CSF Aβ and increased CSF tau.53
Together, these data indicate that FDG-PET uptake is a
valid
indicator
of
the
synaptic
dysfunction
that
accompanies neurodegeneration in AD.
Structural MRI can provide measures of cerebral
atrophy, which is caused by dendritic pruning and loss of
synapses and neurons.54 Volumetric or voxel-based
measures of brain atrophy show a strong correlation
between the severity of atrophy and the severity of
cognitive impairment in patients along the continuum
from normal cognitive status to AD dementia.55 Thus,
rates of neuronal and synaptic loss indicated by the
progressive rate of brain atrophy correlate with rates of
cognitive decline.56 Atrophy on MRI is not specific for
AD, but the degree of atrophy correlates well with Braak
staging at autopsy.57–59 Additionally, the topographic
distribution of atrophy on MRI maps well onto Braak’s
staging of NFT pathology in patients who have undergone
ante-mortem MRI and post-mortem AD staging.60

40

Life Course
- Extracellular beta-amyloid plaques (“senile plaques”)
- Intracellular neurofibrillary tangles (NFTs)
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(Dubois et al, 2010)

	
  

Therapeutic perspectives

DRUGS: PRESENT & FUTURE

Could the immune system be harnessed
to militate against AD?

Innovative strategy: amyloid removal
through vaccination
Risultati insoddisfacenti ed effetti collaterali!

	
  

Mangialasche et al, 2010

	
  	
  

	
  

Prevenzione: fattori di rischio
potenzialmente modificabili
Fattori di rischio vascolari:

ipertensione

arteriosa, ipercolesterolemia, diabete
mellito, iperomocisteinemia

Fattori di rischio non vascolari:
stato metabolico, stress ossidativo,
Infiammazione

Stile di vita: esercizio fisico,
abitudini alimentari

	
  	
  

	
  
Dietary precursors and cofactors improve
learning and memory

Progetto AliDem
PREVENIRE LA DEMENZA DI ALZHEIMER CON L’ALIMENTAZIONE

Aged rats
(Water maze)
Escape latency (sec)

STUDIO INTERVENTISTICO NON FARMACOLOGICO MULTICENTRICO
RANDOMIZZATO NON CONTROLLATO IN APERTO

prevede:
•
•
•
•
•

Selezione di soggetti Mild Cognitive Impairment amnestico e multi
dominio
Selezione di soggetti con concentraz. liquorale di Aβ42 <500 ng/L
Randomizzazione per costituzione del gruppo di intervento e del
gruppo di controllo
Intervento alimentare sul gruppo intervento
Follow-up con monitoraggio della compliance e registrazione
delle progressioni in demenza di Alzheimer
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De Bruin et al. J Learn & Memory. 2003
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Koivisto et al . Abstract AD/PD 2011.
Funded by EU-FP7 – Food project LipidiDiet (Grant 211696)

	
  

LipiDiDiet: EU funded long-term trial
running using Souvenaid
Principal investigator: Hilkka Soininen, University of Eastern Finland,
Kuopio, Finland
Multi-country, multi-centre study (13 sites in The Netherlands, Germany, Sweden
and Finland)
24-Months randomised, controlled trial in 300 people with

prodromal AD
Increased methylation of LINE-1 and Alu
genome repeated sequences in blood from
patients versus controls

Eligibility:
– Prodromal Alzheimer diagnosis (Dubois et al, 2007)
– MMSE ≥ 24
Outcome measures:
– Primary: memory domain z-score of a Neuropsychological Test Battery
– Secondary: Progression to AD, functional (ADCS-ADL) nutritional biomarkers, safety
and adherence
– Biomarkers: CSF and MRI

Gene expression modulation?

	
  	
  

	
  

