“Nothing in biology makes sense except in the light of evolution”
(Th. Dobzhansky)

Alzheimer’'s disease -

an evolutionary perspective

Thomas Arendt
Paul Flechsig Institute of Brain Research
University of Leipzig, Germany

3'd Alzheimer’s Focused #C4CT Concussion
Awareness Summit at United Nations




Prevailing concepts amyloid cascade hypothesis
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Why do we get Alzheimer’s disease ?

e ADis unique to human
 major genetic risk factor: ApoE polymorphism is unique to human

Cerebralization:
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Why do we get Alzheimer’s disease ?

brain regions, highly vulnerable to AD-
pathology have been elaborated in most
recent hominid evolution

AD vulnerability
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Development of neurofibrillary degeneration
Inversely recapitulates brain development

progression of myelination
[acc. to Flechsig]

brain structure: last in — first out

development >

primary primary sensory  non-primary limbic
. . sensory & association association cortex
progression of neurofibrillary motor cortex  cortex cortex

degeneration [acc. to Braak]

Q&generaﬂon / regression?




Reversal of developmental behavioural hierarchy in AD
, last in - first out “

Sequence at which function is Sequence at which
acquired during development function is lost in AD
(J. Piaget)

*Perform complex activities of daily life

*Put on clothing properly
» Perform mechanics of toileting correctly

o « Maintain urinary continence
o | Maintain fecal continence
m; «Say a few intelligible words

Walk independently

«Sit up independently

*Smile

*Hold up head independently



How to make a bigger brain ?
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expansion and laminar elaboration of
primate neocortex:

accelerated cell-cycle kinetics with
delayed maturation

 extended duration of cell cycle
« more total rounds of cell division

) Achilles heel

e [ncreased risk of mitotic errors

Cell cycle duration (hours)
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Re-expression of cell cycle markers in AD

cell death
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The human brain is a mosaic with hyperploid neurons
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AD: 50% increase in single cell DNA content

Slide based cytometry PCR amplification of alu repeats
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Hyperploidy is an early (preclinical) event
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Hyperploidy occurs prior to cell death

number of hyperploid neurons (mm-)

additional challenge: ecoNncussion

consuming reparative/compensatory capacity e*oxidative stress
I echronic intoxication

: emetabolic imbalances
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Selective cell death of hyperploid neurons

entorhinal cortex (n=28)
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Cell cycle proteins subserve alternative functions in
differentiated neurons: regulation of synaptic plasticity
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The dual functions of cell cycle regulators in neurons

“canonical cell cycle regulators”
(e.g. CDKs, cyclins, CDK-inhibitors ...)

development adult

alternative effector pathways

maturation (differentiation)
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plasticity

<neurodegeneration (de-differentiation)
B
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'Dr. Jekyll & Mr. Hyde concept'

Is the risk of a phylogenetic regression based on the persistence of
developmentally primitive aspects in a highly developed biological system.
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Hibernation: a model for repeated cycles of synaptic regression
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AD (PHF)-like phosphorylation of tau in hibernation
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Linking metabolic depression (diabetes ?) to AD-type pathology Arendt et al. J Neurosci. (2003)
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Accumulation of PHF-tau at postsynaptic sites coincides
with synaptic detachement of excitatory afferentation

synaptophysin (stratum lucidum): mossy fibre input
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Blocking cell cycle activation by p16NK4A s neuroprotective
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Expression of pl16'NK4aas universal mechanism of neuroprotection

Ischemic cell death (middle cerebral artery occlusion; MCAO)
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Our vision: neuroprotection by gen-transfer of p16/NK4A

plGINK4A
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Cell cycle dysregulation on peripheral lymphocytes as
diagnostic blood biomarker of AD

Stieler et al. Neuroreport (2001) 12:3969-3972
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The evolutionary 'Dr. Jekyll & Mr. Hyde concept’ of AD
and emerging diagnostic & therapeutic targets

synaptic detachement &
abnormal synaptic turnover
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