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AD  Key markers
Beta-Amyloid Plaques Neurofibrillary Tangles







• Hyppocampus: target areas for memory encoding and retireval

•
• Lymbic system: emotional control togethere with  
parahippocampal structures and frontal areas

Critical areas affected by AD neuropathology







Normal BRAIN



Brain atrophy



Brain atrophy



Senile plaques and neurofibrillary tangles



Alzheimer´s disease related pathology - neurofibrillary pathology 

IHC hpTau/AT8IHC hpTau/AT8

Bielschowsky





Braak Staging System of NF pathology

Braak et al. 2006; from Kretzschmar HA, Nature Reviews 2009



Alzheimer´s disease related pathology - plaques 

Bielschowsky IHC hpTau/AT8

IHC Abeta



CERAD: The Consortium for Establishing a Registry for Alzheimer‘s Disease, 1991

amyloid/neuritic plaques

Definite AD: score C + dementia
Probable AD: score B + dementia
Possible AD:  score A + dementia

score B or C without dementia
no histological evidence of AD: score A without dementia 

Age No few moderate frequent

< 50 0 C C C
50-75 0 B C C

75 0 A B C

CERAD criteria



Alzheimer´s disease related pathology - Abeta deposits

IHC Abeta



A-beta phases

Thal et al, 2006
Modified by Alafuzoff et al



Cerebral amyloid angiopathy



Alzheimer-type Pathology

NIA-Reagan
Low

(Braak stage    
O-II)

NIA-Reagan
Intermediate
(Braak stage 

III-IV)

NIA-Reagan
High

(Braak stage    
V-VI)

Lewy body 
type 

pathology

Brainstem 
predominant Low Low Low

Limbic 
(transitional) High Intermediate Low

Diffuse 
neocortical High High Intermediate

Concomitant Alzheimer-pathology in DLB: McKeith criteria 2005



Concomitant Lewy-body and Alzheimer-type pathology

Pattern of brain destruction in Parkinson's and Alzheimer's diseases
Braak H, Braak E, Yilmazer D, de Vos RA, Jansen EN, Bohl J.

J Neural Transm. 1996;103(4):455-90.

“.... In general, the extranigral destructions in PD are in themselves not 

sufficient to produce overt intellectual deterioration. Similarly, AD-related 

pathology up to stage III may be asymptomatic as well. Fully developed 

PD with concurring incipient AD, however, is likely to cause impaired 

cognition. Presently available data support the view that the occurrence of 

additional lesions in the form of AD stage III (or more) destruction is the 

most common cause of intellectual decline in PD.“
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Protein Deposition in Neurodegenerative Diseases



Minimental state score and AD milestones
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1        2        3       4        5        6        7        8        9

25 ---------------------| Symptoms

20 |----------------------| Diagnosis

15 |-----------------------| Loss of functional independence

10 |--------------------------------| Behavioral problems

5 |-------------------------------------------|

0 Death |------------------------------------------

Nursing home placement

Feidman and Gracon, 1996Years













Alzheimer's disease is usually diagnosed clinically from the patient 
history, collateral history from relatives, and clinical 
observations, based on the presence of characteristic 
neurological and neuropsychological features and the absence 
of alternative conditions. 

Advanced medical imaging with computed tomography (CT) or 
magnetic resonance imaging (MRI), and with single photon 
emission computer tomography (SPECT) or positron emission 
tomography (PET) can be used to help exclude other cerebral 
pathology or subtypes of dementia.

The diagnosis can be confirmed with very high accuracy post-
mortem when brain material is available and can be examined 
histologically.











Appel J et al.,Neuro 2009

VBM study : AD vs Controls

AD volume loss compared with the controls in the 
hippocampus, entorhinal cortex, parietal and lateral posterior 
superior temporal regions, and medial posterior portion of the 
cingulate gyrus.



Progressive atrophy detectable in AD
Preclinical AD Mild to Moderate AD Severe AD

Entorinal Cortex

Hippocampus

Memory deficits

Language problems

Progressice cortical 
atrophy

Increased Cognitive 
deficits

Mild behavioural problems

Overall brain atrophy

Loss of autonomy

Moderate behavioural and 
cognitive deficits

Loss of outside comunication



Preclinical AD Mild AD Moderate AD

Scahill et al. 2008

Mapping the evolution of regional atrophy in 
Alzheimer’s disease



C=very healthy elderly
B=normal ageing
A=AD

Progessive atrophy in presymptomatic Alzheimer’s disease

Fox et al., 2004



Hippocampal atrophy as a biomarker of AD

� Sensitivity and 
specificity > 80%

de Leon et al, 2004



Healthy elderly MCI AD

Leung et al 2010

Neuroimage. 2010 Jul 15;51(4):1345-59. Epub 2010 Mar 15.

Automated cross-sectional and longitudinal hippocampal volume 
measurement in mild cognitive impairment and Alzheimer's disease.

Leung KK, Barnes J, Ridgway GR, Bartlett JW, Clarkson MJ, Macdonald K, Schuff 
N, Fox NC, Ourselin S; Alzheimer's Disease Neuroimaging Initiative.



MCI subtypes – identifying aetiology with MRI 

Neurodegenerative MCI

Vascular

Meyer et al, 2005



Amnestic MCI subtype 

Deficits in cerebral blood 
flow in the hippocampus 
and other areas

Caffarra et al, 2008



Date of download:  10/15/2015 Copyright © 2015 American Medical 
Association. All rights reserved.

From: Functional Connectivity in Autosomal Dominant and Late-Onset Alzheimer Disease

JAMA Neurol. 2014;71(9):1111-1122. doi:10.1001/jamaneurol.2014.1654

Regions of InterestIndividual regions of interest are displayed on brain surfaces along with intranetwork connections in each of the 5 
networks analyzed in the current study. CON indicates executive control network; DAN, dorsal attention network; DMN, default 
mode network; SAL, salience network; and SMN, sensorimotor network.

Figure Legend: 



From: Functional Connectivity in Autosomal Dominant and Late-Onset Alzheimer Disease

Similarities Within Resting State Network (RSN) Changes in Late-Onset Alzheimer Disease (LOAD) and Autosomal Dominant 
Alzheimer Disease (ADAD)Changes in intranetwork resting-state functional connectivity magnetic resonance imaging (rs-fcMRI) 
composite scores for participants with ADAD and participants with LOAD as a function of the Clinical Dementia Rating (CDR) Scale. 
For both ADAD and LOAD, a stepwise loss of functional connectivity was seen for most RSNs with an increasing CDR. Whiskers 
extend to 1.5 × interquartile range. M− indicates mutation negative and M+, mutation positive.aP < .05.bP < .005.cP < .001.



Date of download:  10/15/2015 Copyright © 2015 American Medical 
Association. All rights reserved.

From: Functional Connectivity in Autosomal Dominant and Late-Onset Alzheimer Disease
JAMA Neurol. 2014;71(9):1111-1122. doi:10.1001/jamaneurol.2014.1654

Similarities Between Resting State Network (RSN) Changes in Late-Onset Alzheimer Disease (LOAD) and Autosomal Dominant 
Alzheimer Disease (ADAD)Changes in internetwork composite scores for participants with ADAD and participants with LOAD as a 
function of Clinical Dementia Rating (CDR) status. A loss of between-network functional connectivity was seen for the default mode 
network–dorsal attention network and default mode network–sensorimotor network with an increasing CDR, although for executive 
control network–sensorimotor network, this pattern was only present in LOAD. Whiskers extend to 1.5 × interquartile range. M− 
indicates mutation negative and M+, mutation positive.aP < .05.bP < .005.cP < .001.

Figure Legend: 



From: Functional Connectivity in Autosomal Dominant and Late-Onset Alzheimer Disease

JAMA Neurol. 2014;71(9):1111-1122. doi:10.1001/jamaneurol.2014.1654

Estimated Years from Symptom Onset Modulates Within Resting State Network Functional Connectivity in Autosomal Dominant 
Alzheimer DiseaseIntranetwork functional connectivity (and standard error bands) as a function of estimated years from symptom 
onset for all mutation positive (M+) and mutation negative (M−) individuals with autosomal dominant Alzheimer disease.

Figure Legend: 



Amyloid β imaging

The most extensively studied and best validated tracer with positron 
emission tomography (PET) is the 11carbon-labelled Pittsburgh 
Compound-B (11C-PIB)

PIB binds specifically to fibrillar beta-amyloid (Aβ) deposits, and is a 
sensitive marker for Aβ pathology 



Healthy controls:
• 21 no binding
• 6 (22%) increased binding 

• pattern similar to AD
• resembling the stages 
of Aβ deposition 
according to Braak 
pathological studies

Prevalence of AD at age 85 from15 to 25%, but… 
30% of non-demented >75 ys with moderate Aβ deposition at post-mortem

Rowe CC et al, 2007



18F-Flutemetamol Amyloid Imaging

AD case

Healthy
elderly
volunteer

Vandenberghe	2010



[C-11]PMP AChE PET images showing normal AChE biodistribution with most intense uptake in 
the basal ganglia, followed by the cerebellum, with lower levels in the cortex 

Bohnen & Albin Behav Brain Res 2011





The Cholinergic System



Acetylcholine - ACh 

■ Most abundant NT in Peripheral N.S.

●also found in Central N.S.
■ Precursor = choline

nutrient

■ Degraded by acetylcholinesterase-

●AChE
Membrane bound - pre- & postsynaptic

■ Nicotinic receptor - ionotropic

■ Muscarinic receptor - metabotropic ~



Acetylcholine Synthesis 

choline + acetyl CoA ACh  +  CoA

choline
acetyltransferase



Ach - Distribution 

■ Peripheral N.S.

■ Excites somatic muscle

■ Autonomic NS 

Ganglia 

Parasympathetic NS
Neuroeffector junction

■ Central N.S. - widespread

Hippocampus

Hypothalamus ~





Implanted Deep Brain Stimulation system





This picture illustrates the anatomy of the mammillary bodies, fornix, fimbria, hippocampus and entorhinal 
cortex in the rat brain according to the rat brain atlas









Hippocampal volume changes after one year of 
continuous fornix DBS and associated cognitive change



Comparison of baseline hippocampal volume and 
hippocampal atrophy rate between fornix DBS and 
matched AD patients



Brain-wide structural effects of fornix DBS in AD assessed using 
deformation-based morphometry (DBM). Axial brain slices 

showing representative clusters of volume increase across all 
patients following one year of fornix DBS.




