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What we know 
about the 

pathogenesis of 
AD 
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Alzheimer’s Disease: 100 years and beyond 
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Amyloid 
So named by Virchow because thought to 

resemble starch 

The cleavage of a large, transmembrane-
spanning protein the amyloid precursor 

protein (APP) forms the Aβ peptide  



There are 2 pathways for cleaving APP into 
smaller fragments: amyloidogenic and 

nonamyloidogenic pathways  

The amyloidogenic pathway involves the 
action of 2 enzymes: β secretase (BACE), 

which cleaves APP into a soluble fragment 
and a larger, membrane-bound fragment 
called C99, and γ secretase, which cleaves 

C99 into Aβ peptide and a smaller, 
membrane-bound fragment called C59 



The nonamyloidogenic pathway involves 
cleavage by the enzyme α secretase 

Promotion of the non-amyloidogenic 
alpha-secretase cleavage of amyloid 
precursor protein (APP) to release 

soluble APP is a plausible mechanism 
for AD treatment 



APP metabolism: a mutually exclusive dance 
between alpha- and beta-secretase 

ADAM10 BACE 

PSEN1 and/or PSEN2 
APP 
FAD mutations 

+ 





Tau protein 
The subunit protein of one of the major 

hallmarks of AD, the neurofibrillary tangles 

τ? 
Tau was one of the first microtubule-

associated proteins (MAPs) to be 
characterized. Its role is to promote the self-
assembly of tubulin into microtubules (hence 

Tau = Tubulin Associated Unit). 
 



Tau protein 
The subunit protein of one of the major 

hallmarks of AD, the neurofibrillary tangles 

It was only in the mid 80’s that 
its presence in the tangles was 

confirmed 
 



….What can we do more… 

…the standard diagnosis is the clinical exam. 

Querfurth H W, La Ferla FM, NEJM, 2010   

The tau protein 



G.S. Zubenko, M. Wusylko, B.M. Cohen, F. Boller, I. Teply 
Family study of platelet membrane fluidity in Alzheimer's 
disease 
Science, 238 (1987), pp. 539–542 

 



 DiLuca et al have reported that patients 
affected by Alzheimer disease show a 
differential level of platelet APP forms 

This observation has several implications: APP processing 
abnormalities do occur in extraneuronal tissues, such as 

platelets, thus, suggesting that Alzheimer disease is a 
systemic disorder 



Chételat, Nat Rev Neurol, 2013 

Neuronal injury could be caused by different factors (with various possible 
sequences): Aβ and tau pathologies may be partly independent, each under the 
influence of common and independent risk factors, and interacting with each 
others to promote the AD neuropathological cascade  consider each biomarker 
at the same level with an additive effect on the risk of AD 





The ups and downs of Aβ     
Dennis J Selkoe, Nat Med 2006 

Alzheimer disease 
as a 

synaptopathy 

2002 
AD is a synaptic failure 

1991 
synapse loss is the major correlate of 

cognitive impairment.  
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Several molecular  
pathways are  

involved 

Complexity of AD molecular pathogenesis 



Gardoni et al, JN 2001; JBC 2003; JBC 2004; JN 2006; JN 2009 

The glutamatergic synapse 



DSM II 

It classified the brain syndromes according to 
reversibility. Acute brain syndrome 
(“delirium') was defined as a reversible 
condition and chronic brain syndrome 
(“dementia”) was defined as an irreversible 
syndrome.  

 





DSM 5 Major cognitive disorder (dementia) 

• A. Evidence of significant cognitive decline from a previous level of performance 
in one or more cognitive domains (complex attention, executive function, 
learning and memory, language, perceptual–motor, or social cognition) based on: 

• 1. Concern of the individual, a knowledgeable informant, or the clinician that 
there has been a significant decline in cognitive function; and 

• 2. A substantial impairment in cognitive performance, preferably documented by 
standardized neuropsychological testing or, in its absence, another quantified 
clinical assessment. 

• B. The cognitive deficits interfere with independence in everyday activities (that 
is, at a minimum, requiring assistance with complex instrumental activities of 
daily living such as paying bills or managing medications). 

• C. The cognitive deficits do not occur exclusively in the context of a delirium. 
• D. The cognitive deficits are not better explained by another mental disorder. 

 



BPSD’s 

Some of the behavioral and psychological 
symptoms of dementia (BPSD), specifically 
agitation, aggression, and psychosis, can be even 
more troubling or disabling for patients, and can 
significantly burden family members and 
caregivers. 



Subtypes with diagnostic criteria in DSM-5  

• Alzheimer disease 
• Frontotemporal lobar 

degeneration 
•  HIV infection 
• Huntington disease 
• Lewy body disease 

 

• Parkinson disease 
•  Prion disease 
•  Substance and/or medication 

use 
•  Traumatic brain injury 
•  Vascular disease 

 



Neurocognitive disorder with Lewy bodies 

• Cognitive impairment of insidious onset and gradual progression 
• Early changes are in complex attention and executive function rather than 

in learning and memory.  
• Core features:  
• Fluctuating cognition with pronounced variations in attention and 

alertness, 
•  Recurrent visual hallucinations that are well formed and detailed, and 

spontaneous features of Parkinsonism subsequent to the development of 
cognitive decline.  

• Further suggestive features are rapid eye movement (REM) sleep behaviour 
disorder and severe neuroleptic sensitivity. 
 



Frontotemporal neurocognitive disorder 

• Insidious and gradual onset of impairment in behavior, personality 
and/or language 

• Prominent decline and/or executive abilities 
• Relative preservation of memory and perceptual motor functions 
• Imaging suggests frontal and/or temporal involvement 
In familiar cases a number of causative mutations have ben identified 
Overlaps with PSP, CBD and motor neuron disease 
 



Corticobasal degeneration 
(corticodentatonigral degeneration)  
• Progressive apraxia 
• Extrapyramidal features (asymmetrical) 
• Myoclonus 
• Gaze palsies 
• Alien hand syndrome 





Primary Progressive Aphasia 

• A language deficit initially arises as the only consequential 
impairment and remains predominant throughout most of the course 
of the disease. 

• 3 subtypes: Agrammatic; logopenic; semantic. 
• The underlying neuropathology of PPA is, most commonly, 

frontotemporal lobar degeneration in the agrammatic and semantic 
forms, and Alzheimer disease (AD) pathology in the logopenic form. 



Topographie et symptomes 

Frontal Syndrome 

 Aphaso-apraxo-agnosic S.(AD) 

Progressive Apraxia   Semantic Dementia 

Progressive Aphasia 

Progressive Agnosia  



Chronic Traumatic Encephalopathy and  
Tau Deposition 



Synucleinopathies 
 

•  Disorders sharing a common pathologic lesion 
composed of aggregates of insoluble α-synuclein 
protein in selectively vulnerable populations of 
neurons and glia. 

•4 types : α, β, γ and Synoretin 
•Mainly PD, but also LBD and MS Atrophy 



Vascular Dementia 
NINDS AIREN criteria 

Roman et al., 1993 revised 2002 

• Cognitive loss (often mainly “subcortical‘” 
• Vascular brain lesions demonstrated by imaging 
• Exclusion of other causes of dementia, such as AD 
It may be caused by multiple strokes (MID or 
poststroke dementia) but also by single strategic 
strokes, multiple lacunes, and lesions such as border 
zone infarcts and ischemic periventricular 
leukoencephalopathy (Binswanger's disease).  



Microvascular Function and Dementia 

• Ischemic brain injury is a cause of cognitive impairment 

• Extensive interaction between ischemic stroke and AD 
progression 

• Diffuse white matter lesions currently provide the main 
neuroimaging marker of cerebrovascular impairment 

• In the absence of large vessel disease, ASL MRI should provide 
a direct measure of microvascular integrity 



Interactions Between  
VaD and AD 

VaD 
post-stroke dementia 

CADASIL  

VaD + AD 

Source:  T. Erkinjuntti modified by Roman 

AD 

Lacunes   
WMLs 

vascular risk factors 
Low CBF 

Familial forms 



Aznar & Knudsen, J Alz Dis, 2011 
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Cumulative survival for subjects with and without depressed  
mood at baseline evaluation , as function of time from baseline 
evaluation to the diagnosis of dementia during follow-up  



Rx of Agitation 
Teri et al., 2000 
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Summary 

BPSD direct expression of the brain 
disease process  

 

Association of non pharmacological  &  
pharmacological interventions 

Cholinesterase inhibitors induce behavioral  
changes and reduce use of psychotropic  
medications 





Mild Cognitive Impairment 
(MCI) 

 

• Patient’s complaint of memory loss (entourage).  
• Performance is abnormal at memory tests. 
• ADL intact,  
• IQ normal (vocabolary); no dementia  

 



Petersen, 2003 

•Amnestic MCI 
•Multiple domain MCI 
•Single non memory domain MCI (executive, 
language…) 





MCI ten years later 
Petersen et al. Arch Neurology 

66: 1447-1445, 2009 



The NINCDS-ADRDA criteria 

neuropathology 

CLINICAL 

POST-
MORTEM 

MCI dementia 

probable/possible  
AD [ 

1) The clinical diagnosis of AD cannot be certified and needs a post-
mortem confirmation to be ascertained 

2) The clinical diagnosis of AD can only be ‘probable’  
3) The clinical diagnosis of AD can only be made when the disease is 

advanced and reaches the threshold of dementia 
 

1984 
The rules 



No reference to 
biomarkers in the 
NINCDS – ADRDA  

criteria (1984) 

Cognitive tests:              
no specification  for the   

memory  profile  

CT or MRI:                  
proposed for excluding  

vascular lesions, tumor…            

CSF:                             
proposed for excluding 

meningitis etc…          

FDG-PET                              
not mentioned and                     

amyloid PET not known   



Hippocampal 
atrophy (MRI)    

cortical hypometabolism 
(FDG-PET) 

CSF Abeta and  
tau levels 

 

PET amyloid 
radio-ligands  
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Being more specific                                                                             
even at the prodromal stage of AD 

memory CSF MRI PET-FDG PET-
ligand 

NINCDS - 
ADRDA 

not specified exclusion exclusion not specified not known 

New          
criteria 

amnestic 
no cues 
MC help 

Abeta             
T- P tau 

MTL atrophy P–T hypo 
metabolism 

PiB 
retention 

Specificity for  
Prodromal 

AD  

>90% 
Sarazin 

2007 

>90% 
Hanson 

2006 

 

>85% 
Colliot 
2008 

>80%   
Mosconi  

2004 
 

>95% 
Rowe 
2007 

Sarazin et al. Neurology. 2007;69:1859-2016. Hansson et al. Lancet Neurol.  2006;5:228–234. Colliot et al. Psychiatr Sci Hum 
Neurosci. 2008;6:68-75. Mosconi et al. Neurology. 2004;63:2332-2340. Rowe et al. Alzheimers Dement. 2007;3. 

 



  Structural: atrophy of medial temporal lobe (MRI) 
  Biological: changes in biomarkers (CSF) 
  Functional: temporo-parietal hypometabolism on FDG-PET 
  Molecular: ligand retention on amyloid-PET 
 
  

  Amnestic syndrome of the ‘hippocampal type’              
  (that can be isolated or associated to other cognitive / behavioral changes) 

1 major clinical criterion 

+ 1 or more biomarker present 

Dubois et al., Lancet Neurol., 2007 

IWG research criteria for the diagnosis of AD: 
revising the NINCDS-ADRDA criteria 



1) In research settings:  A high diagnostic accuracy is needed for: 
• study of specific outcomes: requires well phenotyped cohorts 
• academic research projects: not on heterogeneous population with a 

low/intermediate likelihood of diagnostic accuracy 
• inclusion in clinical trials : most of ongoing trials are based on the New 

Criteria: BMS (γ secretase inhibitor); Affiris (immunotherapy): Roche 
(immunotherapy); Lilly (BACE inhibitor); Nutricia (Medical food-Souvenaid); Sanofi 
(immunotherapy) … 

 
2) In specific clinical conditions: BMs increase diagnostic 
accuracy that may be required in case of: 

• young onset AD 
• complex cases: PCA, PPA…  

Applicability of the New Criteria: When? 



Neuropsychological tests (NACC) 

  
MoCA Logical Memory 

Immediate 
Word List Learning Digit Span forward 
Rey Figure 
copy/immediate recall 

Digit Span backwards 

Block Design Categories 
Stroop Trails A 
Fluency Tasks Trails B 
Abstract 
Reasoning/Similarities 

WAIS R Digit Symbol 

Serial 7’s Logical Memory recall 
  

 
   









Imaging 
 

In 2004, a breakthrough in the clinical 
evaluation of AD emerged with the 

development of 11C-Pittsburgh compound B 
(PiB), an analog of thioflavin-T, the 

fluorescent dye used to visualize Aβ plaques 
in postmortem samples of AD brain.  







Imaging 
 

More recent advances include the 
development of PET radiotracers for 
imaging aggregates of 
hyperphosphorylated tau protein in 
neurofibrillary tangles.  





Approved Medications for  
Alzheimer’s disease 

Tacrine (1993) 

Donepezil (1997) 

Rivastigmine (2000) 

Galantamine (2001) 

Memantine (2003) 

Cholinesterase 
Inhibitors 

n-methyl-d-aspartate  
(NMDA)  

receptor modulator  



Rate of progression in “slow” and “regular” progressors in 
patients with  and without cholinesterase inhibitors (CEIs) 
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Slow progressor Regular progressor

61%* 

39% 40%* 

60% 

*p= .003 

Lopez et al. JAGS, 2005 
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Likelihood that a patient would have a MMSE score change of 2 or less  
after one-year follow-up (Logistic regression analysis): 
-Sedative/hypnotics use (OR= .38, 95% CI: .15 – .98)  
-Cholinesterase inhibitors (OR= 2.32, 95% CI: 1.4 – 3.7) 





Memantine in combination with Cholinesterase 
inhibitors delays nursing home admission  
(N= 949 Probable AD Patients) 

Follow-up time (years) 
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Untreated patients used as reference group 

Memantine plus ChEIs 

ChEIs alone 

No dementia medication 

Lopez et al. J Neurol Neurosurg Psychiatry 2009; 80: 600–607 
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There is no association between cholinesterase 
inhibitors use and time to death 
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Lopez OL, et al. J Neurol Neurosurg Psychiatry 2002;72:310-314 



Primary Prevention Trials 
Ginkgo Evaluation for Memory Study (GEMS) 

All Dementia and Subtypes of Dementia comparing Ginkgo to placebo 
 

DeKosky et al. JAMA 2008: 300: 2253-2262 



Amyloid 
 

Therapies targeting amyloid-β 
peptide currently represent 

approximately 50% of drugs now 
being developed for Alzheimer's 

disease 



The amyloid cascade hypothesis for Alzheimer's disease: an 
appraisal for the development of therapeutics 

 

Karran et al, Nature Reviews Drug Discovery 10, 698-712 (September 2011) 



Amyloid Precursor Protein [APP] Metabolism 

NEURONAL MEMBRANE 

EXTRACELLULAR 

INTRACELLULAR 

GAMMA SECRETASE 

BETA SECRETASE 

ALPHA SECRETASE 

CARBOXY TERMINUS 

SOLUBLE APP 
      (sAPP) 

BETA-AMYLOID 

NORMAL 

AD 

sAPP 

BETA-AMYLOID 

BETA-AMYLOID 

sAPP 

Dekosky, Kaufer & Lopez. In: Neurology in Clinical Practice, 2004:1901-1951 



Symptomatic 
treatments 

Cholinergic agonists (Nicotinic and 
Muscarinic M1 agonist)  

Histamine H3 receptor (H3R) 
antagonists 

Anti-hypertensives  
(ACE inhibitors) 

Psychotropics  
(Lithium, Valproic Acid, SSRIs) 

Anti-inflammatories  
(ibuprofen, celecoxib) 

Ketogenic diet (Axona) 

Neuroprotection (Resveratrol) 

Neurosteroids (Allopregnanolone) 

Nootropic agents (Piracetam) 

Nutraceuticals (huperazine) 

Disease Modifying 
Treatments 

Passive and active immunizations  
(IV-Ig, bapineuzumab)  

Beta and Gamma Secretase inhibitors or 
modulators (Semagestat)  

Aβ RAGE Inhibitors (TTP488)  

Amyloid plaque proliferation or aggregation 
blockers (Scyllo-Inositol, Chelators 

[Clioquinol]) 

Anti-NFT, or hyper-phosphorilation of tau 
protein inhibitors (GSK-3 inhibitors)  

Diabetes compounds with effects on 
amyloid metabolism (Rosiglitazone, 

Liraglutide, insulin) 

Reduction of β-amyloid protein deposits by 
inhibiting retinoid X receptors  

(Bexarotene) 

Cell Therapies 

Stem cell therapy 

Gene therapy 

Experimental Therapies  
for Alzheimer’s Disease 
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