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Material, Methods  
456 brains from persons with or without dementia, aged 69 to 103 years at death, assessed for 

plaques and tangles, cerebral atrophy, and vascular lesions. 
 

Conclusions  
The association between the pathological features of Alzheimer’s disease and dementia  

is stronger in younger old persons than in older old persons.  
 

More Literature 
Haroutunian et al 2008, 2009; Head et al 2009; von Gunten et al 2010; Balasubramanian et al 2012; 

Gardner et al 2013 

 







Cases older at death had lower amyloid and tangle stages,  
and were less frequently ApoEε4-positive 



The Oldest Old and Centenarians  
Questions and some reasonable answers 

• Why brain atrophy 
– Loss of synapses, neurites and (maybe) cell bodies 
– More mixed pathology 

• Why brain atrophy but not dementia  (40-50%) 
– Less risk factors for dementia, such as low education, poor 

mid-life health, scarce physical activity, depression, 
delirium  

– Increased adaptation thanks to inherited and acquired 
reserve mechanisms 

– Ability to delay, or even to escape, morbidity 

• Why amyloid and tangles do not correlate with 
dementia in extreme ageing 



Brain changes in old age  
Continuum or discontinuity with respect to 

Alzheimer’s disease? 
 

[…] many of the changes documented to occur in old 
age from synapse and neuron loss to the appearence of 
senile plaques, neurofibrillary tangles, granulovacuolar 
degeneration, Hirano bodies and congophilic 
angiopathy in the brain are shared with Alzheimer’s 
disease. […] This suggests that ageing and Alzheimer’s 
disease are intrinsically related and that Alzheimer’s 
pathology may be an inevitable consequence of ageing. 

(M.M. Esiri, B.T. Hayman, K. Beyreuther & C.L. Masters: 
Ageing and dementia, in Greenfield’s Neuropathology 1996) 

 



Brain changes in old age  
Continuum or discontinuity with respect to 

Alzheimer’s disease? 
 

“[Nonostante] il numero, la localizzazione e le 
dimensioni [delle placche senili e delle 
degenerazioni neurofibrillari] siano diversi […], 
non vi sono differenze certe fra l’invecchiamento 
normale [del cervello, da una parte,] e la 
demenza senile [dall’altra, comprese] le forme 
atipiche [di demenza senile] descritte da 
Alzheimer.” 
(G. Perusini: Rivista di Neuropatologia, Psichiatria ed 
Elettroterapia, 1911, 1912)    



β and Υ secretases cut Aβ 
out of APP 

Hyperphosphorylation  
of Tau alters tubulin 
assembly and micro-
tubule architecture 

NFT by silver 

Ageing and/or AD 

Aβ40 
Aβ42 



Aβ 

PTau 

AD, amyloid cascade theory: Aβ and PTau immunoreactivity, neuritic plaque 

GSK3 



Choi et al, Nature 2014 
 

A 3D human neural 

(progenitor) cell culture model 

of Alzheimer’s disease 
 

FAD APP and PS1 mutations 

induce Aβ extracellular 

deposition and PTau load in 

neurites and nerve cell bodies. 
 

β and γ-secretase inhibitors 

lower Aβ production and 

tauopathy. 
 

GSK3 glycogen synthase 

kinase 3 regulates Aβ-mediated 

Tau phosphorylation. 
 

 



The march of Aβ through phase 0-5  
(Murray et al 2015) 



The march of PTau from healthy ageing to dementia 
Phylogenetic vulnerability of cerebral neurons to Aβ-dependent hyperphosphorylation of Tau 

PTau stage 1-2 PTau stage 6 

1  Trans-entorhinal cortex 
2  Entorhinal region 
3  Occipito-temporal gyri 
4  Temporal cortex 
5  Visual cortex  
6  Area 17, neocortex at large 

 



Synapse-to-synapse transmission 
of abnormal Tau (Tai et al 2014) 



• Fig.: AD incidence increases along with ageing  
• Relationship of pathology to ageing is linear 
• Variability in age at onset of symptoms is related to 

– Toxic load of Aβ, which is increased after 
• Ageing 
• Pathogenic mutations in APP, PS1, PS2 
• ApoE genotype 
• Aβ presentation: Aβ42 rather than Aβ40, 

oligomers/protofibrils of fibrillogenic species, water-soluble 
breakdown products, etc. 

• Reduced Aβ clearance and/or transport to CSF 

– But the toxic effect of Aβ on the brain may be weakened 
by  

• Cognitive reserve 
• Neural compensation 
• Adult neurogenesis ? 
 

AD, an ageing-related 
Aβ intoxication   
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AD staging following Aβ or Ptau  
differential vulnerability of neurons to Aβ 



AD, Some Structures Resistant to Aβ 



PTau 

Aβ42 

HCHWA APP E693K FAD APP A713T 



FAD PS2 M239V (Flo10 Family) 
(Marcon et al 2004) 

                                                              

 Early Onset 

 

Late Onset 
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Neuropsychology. 2005 Jul;19(4):520-31. 

Cognitive impairment in preclinical Alzheimer's disease: a meta-analysis. 

Bäckman L, Jones S, Berger AK, Laukka EJ, Small BJ. 

 

Abstract 

To determine the size of the impairment across different cognitive domains in 

preclinical Alzheimer's disease (AD), a meta-analysis based on 47 studies involving 

9,097 controls and 1,207 preclinical AD cases was conducted. There were marked 

preclinical deficits in global cognitive ability, episodic memory, perceptual speed, and 

executive functioning; somewhat smaller deficits in verbal ability, visuospatial skill, and 

attention; and no preclinical impairment in primary memory. Younger age (< 75 years) 

and shorter follow-up intervals (< 3 years) were associated with larger effect sizes for 

both global cognitive ability and episodic memory. For global cognitive ability, studies 

that used population-based sampling yielded larger effect sizes; for episodic memory, 

larger differences were seen in studies that preidentified groups in terms of baseline 

cognitive impairment. Within episodic memory, delayed testing and recall-based 

assessment resulted in the largest effect sizes. The authors conclude that deficits in 

multiple cognitive domains are characteristic of AD several years before clinical 

diagnosis. The generalized nature of the deficit is consistent with recent observations 

that multiple brain structures and functions are affected long before the AD diagnosis. 

Heterogenous cognitive focal deficits 

in healthy candidates for AD, 
primary memory preserved 

 

http://www.ncbi.nlm.nih.gov/pubmed/16060827
http://www.ncbi.nlm.nih.gov/pubmed?term=B%C3%A4ckman L[Author]&cauthor=true&cauthor_uid=16060827
http://www.ncbi.nlm.nih.gov/pubmed?term=Jones S[Author]&cauthor=true&cauthor_uid=16060827
http://www.ncbi.nlm.nih.gov/pubmed?term=Berger AK[Author]&cauthor=true&cauthor_uid=16060827
http://www.ncbi.nlm.nih.gov/pubmed?term=Laukka EJ[Author]&cauthor=true&cauthor_uid=16060827
http://www.ncbi.nlm.nih.gov/pubmed?term=Small BJ[Author]&cauthor=true&cauthor_uid=16060827


AD clinical phenotypes at onset 

 

• Amnestic syndrome --- 
 

• Non-amnestic syndromes 
– Spastic paraparesis (PS1, deletion of exon 9) (Crook et al 

1998) 

– Focal cortical syndromes (Alladi et al 2007) 

• Posterior cortical atrophy (100% AD by pathology)   

• Mixed aphasia (70) 

• Corticobasal syndrome (50) 

• Progressive non-fluent aphasia (40) 

• Behavioural variant frontotemporal dementia (10) 

• Semantic dementia (10) 

 

 

LOAD, TC99m Spect  
(Kemp et al 2003) 

--- 

EOAD 
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PNFA Progressive NonFluent Aphasia, SD Semantic Dementia, LPA LogoPenic Aphasia 



Phenotypes according to leader symptoms  

in FAD with PS1 and PS2 mutations  
 

• Presenilin 1 (Mann et al 2001, Larner & Doran 2006, review) 

– Myoclonus and seizures 

– Behavioural decline, psychiatric symptoms 

– Language troubles and speech production impairment 

– Ataxia 

– Spasticity 

– Parkinsonism, dystonia, dementia with hallucinations 

• Presenilin 2 

– Behavioural decline (Binetti et al 2003, Marcon et al 2004, 2009)  

– Dementia with hallucinations (Piscopo et al 2008) 



AD: How to explain heterogeneous  
prodromal defects and variability in age at onset, 

clinical presentation and leader symptoms 

• Ageing/pathology discontinuity due to difference in 
vulnerability of neurons to Aβ 
 

• A new hypothesis: the individual risk for AD is 
modulated by additional ontogenetic factors that 
increase the sensitivity of some vulnerable neurons to 
Aβ-dependent phosphorylation of Tau (Bugiani 2011) 
 

• AD might be related to age rather than to ageing and 
affect a selected population (Ritchie and Kildea 1995) 
 

• A role for Tau  

 



 Age and Prevalence of Dementia (Ritchie and Kildea 1995) 

---------------- 

------ 



AD, age-related 
A primary role for Tau and 4-repeat Tau 

 
• Tg mouse models of AD obtained by adding 

mutations in MAPT to those in APP, PS1 and PS2 
 

• MAPT  H1  haplotype associated with aMCI (Di 
Maria et al 2010) 
 

• MAPT  H1c  haplotype associated with late-onset 
AD (Myers et al 2005, 2007) 
 

• MCI and AD: more 4-repeat tau mRNAs in basal 
forebrain cholinergic neurons (Ginsberg et al 2006) 

 

• ApoEε4-neg individuals: risk associated with the 
17q21.34 region, close to MAPT (Jun et al 2015) 
 

 



Neurons Retaining Immature Features 
 

None = Normal Brain Ageing 

Few = LOAD 

Many = EOAD 



 MAP2a,b mature                                             +MAP2c immature   



Aβ Immunoreactivity by 30-Week Gestation 

Courtesy by G.Giaccone and R.Spreafico 



J Biol Chem 2009 

− hESCs produce Aβ 
 

− Aβ promotes hESCs proliferation, 

       while is toxic to NPCs 
 

− APP stops hESCs proliferation, 

       promotes hESCs → NPCs 



“Normal APP levels are required 

for correct neuronal migration” 



- N-APP binds DR6 to trigger degeneration 

    through caspase 6 in axons and caspase 

    3 in cell bodies 

- N-APP ir associated with plaques 

- DR6 expressed in adult neurons and 

    enriched in hippocampus 

 

   

N-APP 



Autosomal dominant: APP, PSEN1, PSEN2 
 
 

Autosomal recessive: APP 
 
 

Semidominant: APOE 
 
 

Risk genes:  
 not only CLU, CR1, PICALM, BIN1, EPHA1, ABCA7, 

MS4A4A, MS4A6E, CD33, CD2AP (Bettens et al 2013, 
review), 

 but also ADAM10, HLA-DRB5, HLA-DRB1, PTK2B, SORL1, 
SLC24A4 and RIN3, DSG2, INPP5D, MEF2C, NME8, 
ZCWPW1 and NYAP1, CELF1, FERMT2, CASS4, TREM2, 
PLD3 (Karch et al 2014, review) 

     and Jun et al 2015: 17q21.34 region close to MAPT 
 

AD genetics 



 

Neurite outgrowth 
 

Axonal transport 
 

Microtubule dynamics 
 

Neurogenesis 



 Age and Prevalence of Dementia (Ritchie and Kildea 1995) 

        

The Oldest Old and Centenarians 
 

- DNA protective upon developing brain 
- Low risk of “immature” neurons in the adult 

brain 
- Low levels of Aβ 
- Cognitive reserve, neural compensation, 

and adult neurogenesis effective to 
counterbalance neurodegeneration 

 



AD, ageing-related 
Aβ ageing-dependent load.  
Phylogenetic vulnerability of cerebral neurons to Aβ-dependent 
hyperphosphorylation of Tau protein progresses from allocortex 
(more vulnerable) to neocortex (less vulnerable).   
 

 
AD, age-related 
Individual ontogenetic factors cause some phylogenetically 
vulnerable neurons to be even more sensitive to Aβ toxicity. 
Abnormal sensitivity of selected neocortical nerve cell 
populations follows defective neuronal selection during 
development.     

 
The Oldest Old and Centenarians 
Low levels of Aβ and no “immature” neurons. 
Cognitive reserve, neural compensation, and adult neurogenesis 
may protect against Aβ-dependent degeneration of vulnerable 
neurons.      
 

The oldest old are resistant to AD pathology. Why ? 
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