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Neuropathological criteria/classifications of AD

History

Khachaturian Diagnosis of Alzheimer’s disease
Arch Neurol 1985; 42:1097

Tierney M et al. The NINCDS-ADRDA Work Group
Neurology 1988; 38:359

Mirra et al. (CERAD)
Neurology 1991;41:479

Braak & Braak
Acta Neuropathol 1991;82:239

The National Institute on Aging and Reagan Inst. Working Gr.
Neurobiol Aging 1997; 18 (Suppl 1) S1
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Geddes et al, Review Neurobiology of Aging 1997;S418:S99
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No, low, intermediate, high
AD „neuropathologic change“

Hymen et al. Alzheimer‘s & Dementia 2012;8:1
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Neuropath. diagnosis of Alzheimer‘s disease

does not necessarily mean

Alzheimer dementia

but may occur in

Normal cognition

Subjective memory impairment

Mild cognitive impairment-(mnestic domaine)
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Co-morbidities occur – utilization of
other than AD (immuno) histochem. markers

Infarcts, lacunes (vascular cognitive impairment)

Lewy-body-pathology (Parkinson dementia)

Josephs Jellinger
TDP-43, Hipp.Sclerosis Josephs 2011

Normal pressure hydrocephalus

Metabolic/toxic lesions

Schizophrenia, depression

Medication

Schneider Neurology 2007;69:2197
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Tau
Projection domaine Tubulin binding domaine

Exons 2,3 10

In AD no
Tau mutation

in contrast to
FTD

6 Tau isoforms

3 and 4 repeat Tau

http://www.go2pdf.com


Ballatore, Lee, Trojanowski Nature Review Neuroscience 2007;8:663

Reversible phosphorylation of tau binding - microtubuli
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Ballatore, Lee, Trojanowski Nature Review Neuroscience 2007;8:663
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Tau conformation and paired helical filaments

Mandelkow
Brain Pathol 2007;11:83
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Amyloid activ. microglia/degen.
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Blurton-Jones, La Ferla Curr Alz Res 2006
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Kinases/Tau hyperphosphorylation
are induced by

• Aß oligomers

• Prion Protein Complex

• Inflammatory mechanisms (IL-1ß etc.)

• Oxidative Stress

• Mitochondrial fission protein Drp1

• 5-Lipooxygenase

• Stress, ß adrenergic pathway

• Ca++ etc.
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Mutant APP, PS1, Tau ±IL-1ß overexpression
amyloid down
GSK3ß and MAPK up
P-tau up

Inflammat. cytokines induce kinases and P-Tau formation
Glia-Tau interaction

Gosh J et al. J Neurosci 2013;33:5053
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There is early increase of Tau and P-Tau in the CSF
in preclinical AD

Suggesting an early pathogenetic role of Tau in AD

Visser et al. (DESCRIPTA study) Lancet Neurol 2009;8:619
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NFTs Plaques

Thal et al
Neurology.
2002;58:1791

Braak &
Braak
Acta
Neuropathol
1991;82:23

I,II

III,IV

V,VI
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Grudzien et al Neurobiol Aging 2007; 28:327
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Tangles occur in the loc. coeruleus in the 1.-2nd decade
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http://www.go2pdf.com


Normal controls
(N=13; 26-93 yrs;
Y< 65, O > 65 yrs)

AD patients
(N=10; mild, M; severe, S)

C. Geula et al.

Early cholinergic neuronal
and axonal pathology in
young persons, aging and AD-
Basal forebrain and cortex

J Neuropathol Exp Neurol
2008; 67(4): 309
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C. Geula et al. 2008
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Attems, Thomas, Jellinger
Neuropathol Appl Neurobiol 2012;38:582

Subcort. pre-tangle formation starts early and
correlates with cortical tangles

N=239; age 55-102, diagnostically unselected

Olfact. Subst. Lc N. dors.
Bulb nigra motor X

Braak 0 53 44 44%

Braak VI 100 100 100 95%
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a locus coeruleus area
b midbrain tegmentum, super. cerebell. peduncle, dorsal motor X
c raphe, nucl. basalis magnocellularis
1a-b + cortical involvement
I-VI Classical Braak&Braak stages

Braak et al J Neuropathol Exp Neurol 2011;70, 960
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Braak & Del Tredici Curr Opin Neurol 2008;12:708

Neurofibrillary degeneration in the L.coer. early in life
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Nelson J NPathExpNeurol 2012;71:263

Neuritic pathology
correlates best with
cognitive decline

http://www.go2pdf.com


http://www.go2pdf.com


Hippoc. Typical Limbic
Sparing AD predominant
AD AD

Hippoc. NFTs

HS

Years MMSE until death
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Citron Nature Reviews 2010;9:387
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Ballatore, Lee, Trojanowski Nature Review Neuroscience 2007;8:663
Brunden Exp Neurology 2010;223:304

Experimental therapies targeting Tau

Kinase inhibitors

Inhibition of Tau fibril formation,
and their co-factors (small molecules, anti-lipids, heparine, N744, PTH)
Fibril assembly inhibitors and dissolution of aggregates

Clearing of misfolded tau (chaperones)

Stabilisation of microtubuli (palcitaxel et al.)

Aß oligomers directed therapies

Anti-inflammatory therapies
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Summary

• Tau pathology is found early in live both subcortically and in the cortex

• Early subcortical tau pathology is found in AD-before amyloid changes

• These findings lead to a revision of the Braak&Braak classification-

Inclusion of early subcortical pathology

• Tau pathology is mandatory for the neuropathological diagnosis of AD

• CSF Tau and P-Tau are increased and Aß reduced in prodromal AD

• There is an interaction of Aß and Tau

• Neurofibrillary degeneration correlates best with cognitive decline

• There are tau-pathology related clinical subtypes of AD

• Drugs are developed to prevent/treat tau pathology formation

and progression

http://www.go2pdf.com


Literature
• Attems et al. Biochem Soc Trans 2012;40:711
• Bieniek KF et al. Acta neuropathol 2013;125:289
• Braak, Braak Acta Neuropathol 1991;82:239
• Braak and Del Tredici J Alzheimers Dis 2013;33 suppl 1 S155
• Brunden et al. Exp Neurol 2010;223:304
• Dubois et al. Lancet Neurol 2007; 6734
• Handoko et al. JAMA Neurology 2013;70:594
• Hong Y et al. J Neurosci 2012;32:17262
• Hyman, Trojanowski J Neuropathol Exp Neurol 1997;56:1095
• Hyman et al. Alzheimers Dement 2012;8:1-13
• Janocko et al. Acta Neuropathol 2012;124:681
• McKhann et al. Neurology 1984;34:939
• Mckhann et al. Alzheimers Dement 2011;7:263
• Mirra et al. Neurology 1991;41:479
• Mullane, Williams. Biochem Pharmacol 2013;85:289
• Rosenmann et al. Curr Alzh Res 2013;10:217
• Rozenstein-Tsalkovich et al. Exp Neurol 2013;Jul 20; Epub 2013
• Takahashi 2013 et al. PlosOne
• Visser et al. Lancet Neurol 2009;8:619
• Yoshiyama J et al. Neurol Neurosurg Psychiatry 2013;84:784

http://www.go2pdf.com

