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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

MNEUROPATHOLOGIC CRITERIA OF ALFHEIMEFR.'S DISEASE

Meuropatholozic i
Criteria AgslStage 5P NP NeoCtx Hippe EntCtx
Ehachaturian (18] = Sl > 2-5/mm? = 2—5/mm?
065 =8 some
6675 =10 spme
=75 =13
CERAD for age Uncertain Sparse
=T5 (27 Suggest Moderate
Indicate Frequent
Braak (8) I-II (Entorhinal) Sparse Sparse Present
M-V {Timbic) Sparse Occasional Abundant
V-VI (Neocortical) Abundant Abundant Abundant
NIA-RI AD Low Likelihood Sparse Sparse Sparse Present
Eezearch (23) Intermediate Moderata Sparse Orcasional Abundant
High Likelihood Frequent Abundant Abundant Abundant
NIA-RI Routine® Low Likelihood Sparse Absent Absent Present
235 Intermediate Moderate Ahbsent Present Present
High Likelihood Frequent Present Present Present
Tiemey Al (31) Present in Hippo Present
Tiemey A2 Hippo and NeoCtx Present Present
Tiemey A3 Present in NeoCix Present
Nun Study (29) Prezent
Neocortical NFT Present
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National Institute on Aging—Alzheimer’s Association guidelines for the
neuropathologic assessment of Alzheimer’s disease

Hymen et al. Alzheimer's & Dementia 2012;8:1

Al: no AP or amvloid plagques
Al: Thal phase 1 or 2

AZ2: Thal phase 3

A3: Thal phase 4 or 5

B. NFT stage (modified from Braak for silver-based histochemistry [20] or phospho-tau
BO: no NFTs

Bl: Braak stage I or II

B2: Braak stage III or IV

B3: Braak stage Vor VI

C. Neuritic plaque score (modified from CERAD [21])

C0: no neuritic plaques

C1: CERAD score sparse Ax,By,Cz

C2: CERAD score moderate
C3: CERAD score frequent

IHC

No, low, intermediate, high
AD ,,neuropathologic change*
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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) |

TDP-43, Hipp.Sclerosis o

Normal pressure hydrocephalus
Metabolic/toxic lesions
Schizophrenia, depression

Medication

Schneider Neurology 2007;69:2197
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Reversible phosphorylation of tau binding - microtubuli

Cargo moving ; ; Cargo moving
along the axon Kinase-mediated phosphorylation along the axon
detaches tau from the MT Phosphory lated tau

disengaged from the MT

Phasphorylation

MT-binding ability ¢

Figure 3 | The dynamic equilibrium of tau microtubule (MT) binding. A schematic representation of the normal
dynamic equilibrium of tau, on and off the MTs, which is primarily determined by the phosphorylation state of tau.
Although the presence of tau on the MTs presents a physical obstacle forvesicles and other cargoes that are moving along
the axon, MT-bound tau is essential to MT integrity. Thus, relatively frequent cycles of tau-MT binding (promoted by
dephosphorylation of tau) and detachment of tau from the MT (promoted by phosphorylation of tau) are needed in order
to maintain effective axonal transport.

Ballatore, Lee, Trojanowski Nature Review Neuroscience 2007;8:663
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Ballatore, Lee, Trojanowski Nature Review Neuroscience 2007;8:663
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Tau conformation and paired helical filaments

m\,..,..] /{sa : Mandelkow
- Brain Pathol 2007;11:83

TP

17418 3

Figure 3. Model of the conformation of tau in solution deduced by f

transfer. The molecule shows a papercliplike fodd which brings the M-
vicinity of the repaat domain. Similar folded conformaticns are recognize
for abnormal tau from Alzheimer’s disease brain (eq, Afz-50, MCT, TEIL A

labeled residwes are indicated.

|

AL

LT 1] s

Figure 4. Electron micrographs of paired helical filaments isolated from Alzheimer's disease brain (left)
of assemibled & witro from recombinant tau (repeat domain with pro-aggregation mutation AK280).
Mote the typical bwisted appearance with crossover repeats of —80 nm (arrowheads).
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APP-Mutation activ. microglia/degen.

R-u.?¥Becretase 2
Presenilin-1

Amyloid

__ GSK3M3, CDK5, ERK2,
MARK4, AMPK, SAPK/JINK,
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e
Blockade

Ubiquitin-Proteasome-Syst.
Blurton-Jones, La Ferla Curr Alz Res 2006
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Kinases/Tau hyperphosphorylation
are induced by

* AR oligomers

e Prion Protein Complex
 Inflammatory mechanisms (IL-113 etc.)
e Oxidative Stress

« Mitochondrial fission protein Drpl

e 5-Lipooxygenase

e Stress, [3 adrenergic pathway

e Ca++ etc.
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Inflammat. cytokines induce kinases and P-Tau formation

Glia-Tau interaction

Gosh J et al. J Neurosci 2013:33:5053

pSOGSKIMTotal GSKI
G ratio

Mutant APP, PS1, Tau
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There iIs 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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Prevalence and prognostic value of CSF markers of

Alzheimer’s disease pathology in patients with subjective

cognitive impairment or mild cognitive impairment in the
DESCRIPA study: a prospective cohort study

Controls Subjective cognitive Non-amnestic  Amnestic MCI

(n=89) impairment (n=60) MU (n=37) (n=71)
Age (years) 67-1(6-4) 66-0(7-9) 700 (7789 FLEVEEET N |
‘fears in education 11-8 (4-1) 107 (3-7) 10-4 (3-3)
Women 48 (54%) 29 (48%) 17 (46%) 34 (48%)
MM SE score 29.3{0-9) 28.8(1.2) 27-6(2-2)% 25.9 (2-B)¢* i1
CDR-SOB 07 (0-7) 1.3 (0.9)9 17 (12~
Depression 7 (13%) 2 (6%) 2 (3%)
Delayed recall (z score) 0-46 (0-94) ~0-49 (077 )" -1.97 (0-74)*5§§
{amierof APQOF £4 2oL 11 GF.%? EFALE L
AB.. (pg/mL)T9T 703(104)  653(268) 583 (272) 493 (254) it
T-tau (pg/mL)q 329 (133) 360 (200) 401 (278) 530 (37541
P-tau (pg/mlL} L1 {204 62 (2718 6733) 84 (541
CSFAD profile 28 (31%) 31 (52%)1 25 (68%)1 56 (79%)]|
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NFTs Plagues
Braak &
Braak
Acta
Neuropathol
1991:82:23
|11
11,1V A S
— 1 Thal et al
= | Neurology.
| 2002;58:1791
V,VI
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Tangles occur in the loc. coeruleus in the 1.-2nd decade
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Grudzien et al Neurobiol Aging 2007; 28:327
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C. Geula et al. A

Basal Forebrain Plaques
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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, diagnhostically unselected

Olfact. Subst. Lc N. dors.
Bulb nigra motor X
Braak O 53 44 44%

l

Braak VI 100 100 100 95%
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Development of AT8-ir pathology (n=2332) B Development of amyloid-p pathology (n = 2332)
1005, 24 61 100 188 330 492 570 484 75 100~ 8. 24 61 100 188 330 492 570 484 75
B0~ 80
60- % 60

S
40- o 40-
=3
20+ 20
E T c i — Ll
10 20 30 40 50 60 TO 80 90 100 10 20 30 40 50 60 70 80 90 100
age age
30 3 ac B 1a-ib EE LI Wl LV R V-V D0 =1 . 2 3 W4
a locus coeruleus area
b midbrain tegmentum, super. cerebell. peduncle, dorsal motor X
C raphe, nucl. basalis magnocellularis
la-b + cortical involvement
I-VI Classical Braak&Braak stages

Braak et al J Neuropathol Exp Neurol 2011;70, 960
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Neurofibrillary degeneration in the L.coer. early in life
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Braak & Del Tredici Curr Opin Neurol 2008;12:708
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Lancet Neurol 2011 September ; 10(9): 785-796. do1:10.1016/51474-4422(11)70156-9.

Neuropathologically defined subtypes of Alzheimer's disease
Wi IStinct clinical characteristics: A retfrospective study

Melissa E. Murray, F'hD1, Neill R. Graff-Radford, MBBCh, FRCP [Lnndnn]?’, Owen A. Ross,
PhD', Ronald C. Petersen, MD? Ranjan Duara, MD?, and Dennis W. Dickson, MD'
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Microtubule-  Soluble Soluble tau MNeurofibrillary
bound tau tau aggregates tangles

Clearance
activators

Kinase Aggregation
inhibitors inhibitors

Mature Reviews | Drug Discovery

Citron Nature Reviews 2010:9:387
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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.)
Al oligomers directed therapies

Anti-inflammatory therapies

Ballatore, Lee, Trojanowski Nature Review Neuroscience 2007;8:663
Brunden Exp Neurology 2010;223:304
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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 Al reduced in prodromal AD

There is an interaction of A3 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
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