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β-amyloid is the main component of senile plaques  

  Silver stain: PAM               β-amyloid immunohistochemistry 

β-amyloid angiopathy  

β-amyloid results from the specific cleavage of 

βAPP by β- (BACE) and γ-secretases 



β-amyloid plaques with variable amounts of dystrophic neurites containing altered mitochodria 

and residual autophagic bodies 

Arrows: dystrophic neurites; *: Amyloid plaques 

* 

* 

a-c: mitochondrial porin (green) and β-amyloid 

(red). d-f: mitochondrial porin (red) and COX 

subunit 4 (green). g-i: mitochondrial porin (red) and 

tauThr181 (green) 
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Tau isoforms expressed in the brain result from alternative splicing; 3Rtau contain 3 repeats, whereas 

4Rtau contain four repeats.  

Big tau (about 120 kDa) is expressed in the peripheral nervous system and muscle.    



Neurofibrillary tangles (NFTs) are mainly composed of paired helical filaments (PHFs) 



Hyper-phosphorylated tau is the main component 

of neurofibrillary tangles, dystrophic neurites 

surrounding amyloid plaques, and neuropil 

threads 

Hyper-phosphorylated tau is 3Rtau and 4Rtau 

Hyper-phosphorylated tau (AT8) in NFTs: 

immunoelectronmicroscopy 
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Formation of NFTs follows a stereotyped sequential pattern  

Caspase 3 activation plays a pivotal role in tau 

truncation 

Tau phosphorylation at Ser262 and 

tau truncation at aspartic acid 421 

are key factors in PHF formation  
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Band pattern of phosphorylated tau in PHF-enriched fractions 

 

Sarkosyl-insoluble fractions of frontal cortex homogenates 

from two AD cases stage Braak V 



Staging of brain pathology related to (sporadic) Alzheimer’s disease 

 

Neurofibrillary tangle staging 
Braak H, Braak E. Neuropathological staging of Alzheimer-related changes. Acta Neuropathol 82: 239-259 

 

Entorhinal and transentorhinal stages I and II:  
Entorhinal: EC (I), and progression to transentorhinal and mild involvement of the CA1 region (II). Usually, no 

β-amyloid deposition. (+ involvement of selected nuclei of the brain stem, + olfactory bulb and tract) 

Limbic stages III and IV:  
III: upper and inner layers of the EC, transentorhinal, CA! region of the hippocampus, subiculum, 

anterodorsal thalamic nucleus, amygdala, magnocellular nuclei of the basal forebrain (including Meynert 

nucleus), tubero-mammillary nucleus 

IV: plus association areas of the temporal cortex, striatal neurons, raphe nucleus, locus ceruleus 

Neocortical stages V and VI:  
V: plus cortical association areas, claustrum, reticular nucleus of the thalamus, substantia nigra 

VI: plus primary sensory areas 

 

Phases of β-amyloid deposition 
Thal et al. (2002) Phases of Abeta-amyloid deposition in the human brain and its relevance for the development of AD. Neurology 58:1791-800. 

 

Phase I: neocortex 

Phase 2: plus allocortical brain regions 

Phase 3: plus diencephalic nuclei, striatum, cholinergic nuclei of the basal forebrain 

Phase 4: plus nuclei of the brain stem 

Phase 5: plus cerebellar deposition  
 

Thal et al. (2002) Two types of sporadic cerebral amyloid angiopathy. J Neuropathol Exp Neurol 61: 282-293. 

 

β-amyloid angiopathy:  

type 1: plus capillaries; type 2: no β-amyloid in capillaries 



Neuropathological stageing of Alzheimer-related changes 
Braak H, Braak E 

Acta Neuropathol. 1991;82: 239-59.  

Clinical and pathological 

relations 

 

•I-II:   no cognitive impairment 

•III-IV: no cognitive decline or 

mild cognitive defects 

•V-VI:   cognitive   impairment 

and dementia in most cases 

 
Cognitive decline is related to NFT 

pathology rather than to  β-amyloid  

deposition 

 

 

 

 

Clinical manifestations also 

depend on: 

individual variations, clinical forms 

and, specially, associated 

pathology: i.e. vascular pathology 



Generalized dendritic spine loss, and 

local dendritic sprouting in the vicinity 

of amyloid deposits 

Neuron loss in AD 

•entorhinal cortex 

•hippocampal complex 

•amygdala 

•isocortex 

•nucleus basalis of Meynert 

•septal nuclei 

•thalamus 

•striatum 

•midbrain 

•locus ceruleus 

•reticular formation 

•olfactory bulb 

Meynert nucleus 



Oxidized proteins in AD 



Lipid alterations in lipid rafts from Alzheimer’s disease human brain cortex 
Martín V, Fabelo N, Santpere G, Puig B, Marín R, Ferrer I, Díaz M. 

J Alzheimers Dis. 2010;19: 489-502 

 

Abnormal levels of n-3 long chain PUFA, 

mainly docosahexanoic acid (22:6n-3) and 

monoenes, mainly oleic acid 18:1n-9) in AD 

when compared with controls. Reduced 

unsaturation and peroxidability indexes 



mitochondria 

 

Cytochrome c (complex IV) 

ATP synthase (complex V 

Complex III (?) 

VDAC 

ROS production                  oxidative damage 

glycolysis       fatty acids 

            Krebs cycle energy production 

lipid rafts 

  N-3;   DHA 

 

 

viscosity         energy demands 

 

altered Aβ processing ? 

impaired VDAC/estrogen 

receptor  complex  

caveolae         VDAC 

reduced Aβ protection? 

   Aβ 

toxicity 

        Nerve cell exhaustion 

The exhausted neuron in AD 



• AD-related pathology, at least limited to the entorrhinal and transentorrhinal cortices 

(stages I-II), is found in about 70-80% of neuropathologically-assessed post-mortem 

individuals aged 65 years belonging to a non-biased general population and dying as a 

result of various non-neurologically-related conditions  

 

• values increase to about 90% in individuals aged 80 years but then remain steady in 

centenarians 

 

• the prevalence of dementia in AD is approximately 1 per 100 persons between 65 and 

69 years of age, and between 25 and 50 per 100 individuals over the age of 85  

 

• the speed of progression of AD-related pathology in relation with NFTs has been 

estimated after the sequential study of a series of cases of AD-related pathology  

 

• it takes about 14 years from stage II to stage III, 13 years from stage III to IV but 5 

years from stage IV to V 

  

• this means that the biological process starts at middle age, develops slowly during the 

first stages and then progresses more rapidly at advanced stages  



 mGlu1R expression                    PLCβ1 expression                    PLCβ1 activity 

L[H3] glutamate binding 
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The expression of ADR-1 is 

reduced in the frontal cortex 

at very early stages in AD 
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Entorhinal cortex, mRNA arrays 

• Pathways common to brain development and ageing: defining strategies for 

preventive therapy and diagnostics: DEVELAGE 

• Biomarkers of Early Stages of Alzheimer Disease-Prevention (BESAD-P) 

 



Edge colours: i) protein level correlations of proteomics data, and ii) interactions retrieved by the public databases BIND, CCSB, 

DIP, GRID, PubMed, Reactome, KEGG, HPRD, IntAct, MDC and MINT.  

Node colours indicate cellular components provided by GO. 

Interactome map of dyregulated proteins in the EC of AD stage III-IV  
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positive ionisation                                                              negative ionisation  

Metabolomics, entorhinal cortex: AD stages  I-II, III-IV and V-VI 

For the separation and identification of metabolites an LC ESI-QTOF MS/MS 6520 (Agilent Technologies, US) was used.  Four μL of sample was applied onto a reverse-phase column 

(C18 Luna 3n pfp(2) 100A 150*2mm, Phenomenex, US) equipped with a precolumn (AJO-8326 pfp(2) 4*2 mm, Phenomenex, US). The flow rate was 200 μL/min with solvent A 

composed of water (containing 0.1% formic acid for positive ionization or 0.1% acetic acid for negative ionization), and solvent B composed of 95% acetonitrile and 5% water containing 

corresponding counterions. The gradient consisted of solvent B from 5% to 100% in 20 min, held at 100% solvent B for 5 min, and then re-equilibrated at 5% solvent B for 6 min. 

Data were collected in positive and negative electrospray mode in the QTOF operated in a full-scan mode between 100 to 3,000 m/z with an extended dynamic range (2 GHz), using N2 

as nebulizer gas (5 L/min, 350ºC). The capillary voltage was 3,500V with a scan rate of 1 scan/s. The Masshunter Data Analysis Software (Agilent Technologies, US) was used to 

collect the results and the Masshunter Qualitative Analysis Software (Agilent Technologies, US) to obtain the molecular features of the samples, representing different, co-migrating 

ionic species of a given molecular entity using the Molecular Feature Extractor algorithm (Agilent Technologies, US)  



Genetic studies  

ATG→ACG 

(M139T) 

exon 5 

PSEN1 gene 

Forward Reverse 

Forward Reverse 

GCG→ACG (A713T) 
exon 17 

APP gene 
Mutation analysis of APP and PSEN1 in 

frozen brain samples from confirmed cases of 

AD 

Familial AD: usually early-onset 

familial AD: EOFAD. Mutations in 

APP, PS1 and PS2 

 

Risk factors in late-onset sporadic 

AD: LOSAD. APOEepsilon4 

α2-macroglobulin, low density 

lipoprotein protein receptor 1, very 

low density lipoprotein R, interleukin 

1α,  clusterin, phosphatidylinositol 

binding clathrin assembly protein 

(PICALM), complement component 

(3b/4b) receptor 1 (CR1), among 

others 



β-amyloid plaques in the neocortex (A), hippocampus (B) and entorhinal cortex 

(C); reactive astrocytes in the neocortex (D) and hippocampus (E); microgliosis 

in the cerebral cortex (F) and amygdala (G), and mitochondrial porin (H) and 

voltage dependent anion channel (VDAC) (I) in dystrophic neurites surrounding 

β-amyloid plaques. Age: 6 months  

APP/PS1 transgenic mice as a model of familial Alzheimer’s disease 

Dystrophic neurites filled with abnormal 

mitochondria and polymorphous bodies 



APP/PS1: Golgi method. Neuritic sprouts in the 

vicinity of β-amyloid plaques  

β-amyloid burden and ratio 

of 1-40/1-42 β- amyloid with 

disease progression in 

APP/PS1 transgenic mice 





Cytokines 

3 months 6 months 12 months         

WT APP/PS1   WT     APP/PS1       WT     APP/PS1   

Arpc1b 1,00 ± 0,03 0,96 ± 0,03   1,01 ± 0,07 1,22 ± 0,06 * 1,02 ± 0,07 1,66 ± 0,12 *** 

C1ql1 1,00 ± 0,03 1,06 ± 0,02   1,02 ± 0,08 0,74 ± 0,06 * 1,04 ± 0,09 1,44 ± 0,14 * 

C1qtnf7 1,02 ± 0,09 0,96 ± 0,07   1,04 ± 0,13 1,06 ± 0,07   1,07 ± 0,13 1,93 ± 0,19 ** 

C3ar1 1,00 ± 0,04 0,82 ± 0,04 * 1,03 ± 0,11 1,45 ± 0,18   1,02 ± 0,07 4,45 ± 0,51 *** 

C4b 1,01 ± 0,05 1,01 ± 0,07   1,07 ± 0,16 1,66 ± 0,20 * 1,04 ± 0,09 5,69 ± 0,34 *** 

Ccl3 1,06 ± 0,17 1,92 ± 0,33 * 1,03 ± 0,12 5,25 ± 1,09 ** 1,07 ± 0,11 45,53 ± 7,84 *** 

Ccl4 1,07 ± 0,16 1,28 ± 0,13   1,06 ± 0,17 4,70 ± 1,01 ** 1,04 ± 0,10 18,17 ± 1,79 *** 

Ccl6 1,05 ± 0,14 1,69 ± 0,23 * 1,03 ± 0,13 3,04 ± 0,58 ** 1,05 ± 0,10 11,66 ± 1,51 *** 

Clec7a 1,08 ± 0,18 1,74 ± 0,37   1,08 ± 0,19 6,53 ± 1,89 * 1,35 ± 0,46 35,04 ± 5,17 *** 

Csf1r 1,00 ± 0,03 0,92 ± 0,03   1,04 ± 0,13 1,16 ± 0,16   1,02 ± 0,06 1,96 ± 0,21 *** 

Csf3r 1,00 ± 0,02 1,12 ± 0,12   1,06 ± 0,16 1,39 ± 0,25   1,06 ± 0,11 3,64 ± 0,37 *** 

Cst7 1,03 ± 0,12 3,56 ± 0,66 ** 1,06 ± 0,15 33,71 ± 8,89 ** 1,02 ± 0,06 208,99 ± 41,22 *** 

Ctsc 1,01 ± 0,04 0,30 ± 0,08   1,03 ± 0,12 0,92 ± 0,13   1,02 ± 0,06 2,31 ± 0,27 *** 

Ctss 1,01 ± 0,05 1,00 ± 0,06   1,03 ± 0,12 1,33 ± 0,13   1,02 ± 0,07 3,12 ± 0,37 *** 

CxCl10 1,11 ± 0,22 1,34 ± 0,61   1,22 ± 0,40 1,93 ± 0,34   1,08 ± 0,15 6,83 ± 0,48 *** 

Cyba 1,00 ± 0,04 0,94 ± 0,06   1,03 ± 0,10 1,36 ± 0,09 * 1,02 ± 0,06 3,03 ± 0,33 *** 

Fcgr1 1,01 ± 0,04 1,06 ± 0,11   1,02 ± 0,09 1,27 ± 0,13   1,00 ± 0,02 2,28 ± 0,14 *** 

Fcgr2b 1,01 ± 0,06 1,01 ± 0,08   1,03 ± 0,10 1,10 ± 0,08   1,00 ± 0,02 2,91 ± 0,25 *** 

H2-Oa 1,01 ± 0,06 0,98 ± 0,06   1,03 ± 0,13 1,60 ± 0,15 * 1,02 ± 0,06 4,01 ± 0,55 *** 

Il10ra 1,00 ± 0,03 1,03 ± 0,07   1,03 ± 0,11 1,08 ± 0,11   1,06 ± 0,12 2,08 ± 0,31 ** 

Il10rb 1,00 ± 0,02 1,06 ± 0,08   1,01 ± 0,06 1,03 ± 0,08   1,03 ± 0,09 1,72 ± 0,17 ** 

Il6st 1,00 ± 0,03 1,03 ± 0,03   1,02 ± 0,09 1,07 ± 0,11   1,03 ± 0,08 1,47 ± 0,12 ** 

Itgb2 1,00 ± 0,03 0,96 ± 0,06   1,06 ± 0,16 1,48 ± 0,19   1,02 ± 0,07 3,03 ± 0,39 *** 

Inpp5d 1,00 ± 0,03 0,93 ± 0,03   1,05 ± 0,14 1,02 ± 0,14   1,03 ± 0,09 2,11 ± 0,43 ** 

Ndufs8 1,01 ± 0,05 1,14 ± 0,06   1,03 ± 0,10 0,92 ± 0,05   1,01 ± 0,04 1,05 ± 0,08   

Tgfb1 1,00 ± 0,03 0,95 ± 0,04   1,02 ± 0,08 1,22 ± 0,14   1,02 ± 0,06 2,25 ± 0,26 *** 

Tlr4 1,01 ± 0,06 1,00 ± 0,05   1,02 ± 0,09 1,05 ± 0,08   1,04 ± 0,10 1,49 ± 0,09 ** 

Tlr7 1,00 ± 0,03 1,22 ± 0,09 * 1,03 ± 0,12 1,36 ± 0,09 * 1,01 ± 0,04 2,06 ± 0,19 *** 

Tnfrsf1a 1,01 ± 0,04 0,94 ± 0,02   1,04 ± 0,13 1,18 ± 0,10   1,09 ± 0,14 1,70 ± 0,21 * 

Inflammatory response with disease progression in APP/PS1 transgenic mice at 3, 6 

and  12 months 



The β-amyloid cascade in the pathogenesis of FAD and sAD, compelling or prodding 

 

 

• FAD is linked to mutations in APP and in other genes encoding proteins involved in the 

cleavage of APP  

• transgenic mice expressing mutations in APP present β-amyloid plaques with hyper-

phosphorylated tau deposition in surrounding dystrophic neurites but not accompanied by 

NFTs in their brains  

• individuals with mutations in MAPT develop another type of dementia accompanied by 

neuronal and glial hyper-phosphorylated 4R tau inclusions but not accompanied by SPs  

• transgenic mice bearing tau mutations do not reproduce the presence of β-amyloid 

plaques but accumulate hyper-phosphorylated tau in neurons 

 

• NFT pathology is enhanced in transgenic mice expressing mutant tau and APP  

• β-amyloid oligomers can induce tau phosphorylation in a mouse model  

 

However,  

• AD-related pathology in sAD is first manifested in the form of NFTs whereas it is important 

to recall that no SPs are normally encountered at the first stages of sAD-related pathology 

• the distribution of SPs at early stages of AD-related pathology does not fit with the 

localization of NFTs  

  



Seeding β-amyloid and abnormal tau 

 

β-amyloid 

 

 plaque formation is accelerated in transgenic mice bearing FAD mutations following the 

intracerebral injection of diluted extracts from AD brains or from old AD transgenic mice  

 Similar results are found following peripheral inoculation of these β-amyloid seeds   

 transgenic rats over-expressing human APP (APP21 line) or over-expressing APP do not 

develop β-amyloid plaques at any point in their lifespan, but SPs and β-amyloid 

angiopathy are seen in the same rats at nine months following intra-hippocampal 

injection of diluted AD extracts containing aggregated β-amyloid  

 soluble forms of β-amyloid are particularly effective at inducing plaque formation  

 

abnormal tau 

 

 injection of brain extract from mutant P301S tau-expressing mice into the brain of 

transgenic wild-type tau-expressing animals induces assembly of wild-type human tau 

into filaments and the spread of the pathology from the site of injection to neighbouring 

brain regions  

 in vitro models have also shown that introduction of small quantities of misfolded 

preformed tau fibrils into tau-expressing cells recruits soluble tau into filamentous 

inclusions reminiscent of NFTs   



NIH Consensus development program  

AD, mild cognitive impairment, pre-clinical AD and biomarkers 

• available biomarkers, other 

than genetic tests related to 

FAD, are capable of visualizing 

large accumulations of certain 

altered proteins such as β-

amyloid, focal atrophy involving 

severe loss of neurons and 

connections, and disturbed 

proportions of altered proteins 

discharged in the CSF  

• available biomarkers do not 

detect the process at early 

stages in neuropathological 

terms  

• the sequence of positive 

biomarkers does not reflect the 

real sequence of events in sAD 

as revealed in post-mortem 

neuropathological studies  

 



Concluding comments 

 

• It is clear that cases with AD-related pathology restricted to the entorhinal cortex, 

transentorhinal cortex and limited parts of the CA1 region may not suffer AD as a 

disease per se. Moreover, most of these individuals probably would have never 

developed significant cognitive impairment or dementia  

 

• alzheimer is then considered an age-related biological process in certain mammals, 

mainly in non-human primates and particularly in humans, which causes progressive 

degeneration of the brain neuropathologically characterized by the variable 

combination of the neuropathological hallmarks NFTs and SPS, and which may cause 

neurological symptoms principally manifested as cognitive impairment and dementia  

  

• alzheimer is not synonymous with Alzheimer disease or Alzheimer dementia, which 

must be contemplated in a clinical setting  

 

• Rather, alzheimer comprises molecular, morphological and accompanying neuronal 

dysfunctions that can lead, or not, to the progression of neurological deficits 

  

• suffering from alzheimer does not imply a verdict of dementia, but rather encompasses 

understanding that most humans at a certain age will face a degenerative disease of 

the brain with similar possibilities for treatment as atherosclerosis  

 

• early therapeutic intervention at these first stages is compulsory when preparing new 

strategies against Alzheimer disease  




