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Progression and symptoms
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Mild Cognitive Mild
Impairment Alzheimer’s

Duration: 7 years
Disease begins in Disease spreads to
Medial Temporal Lobe Lateral Temporal &
Parietal Lobes
Symptoms: Symptoms include:
Short-term Reading problems
memory loss Poor object recognition

Poor direction sense

Moderate Severe
Alzheimer’s Alzheimer’s

Duraticn: 2 years Duration: 3 years
Disease spreads to Disease spreads to
Frontal Lobe Occipital Lobe
Symptoms include: Symptoms include:
Poor judgment Vizual problems
Implusivity
Short attention

Figure: Figure from the "Medical Care Corporation"
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The amyloid-beta protein

o Peptides of 36 to 43 amino acids
from cleavage of APP (amyloid
precursor protein)

@ Ap is produced by healthy neuronal
cells throughout their life

@ Its endogenous role is unclear

@ Misfolded A transforms normal
Ap and is prone to aggregation Figure: The Aj protein
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Disease progression

»
>

Primary nucleation Oligomerization First neuronal S Dementia

} R Fibrillization
(stochastic and rare) (deterministic damages and plaques
and fast)
»
>
Microscopic Mesoscopic Macroscopic Spatial scale

Figure: Schematic representation of the cascade hypothesis

Alzheimer's Disease: The Amyloid Cascade Hypothesis, Hardy, J.

A. & Higgins, G. A., Science, 1992
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mefie- Loss-of-function hypathesis
===l |nflammation hypothesis
== Gain-of -toxic-activity hypothesis

Native Misfolded and Protein
protein ™ aggreqaied protcin = doposts
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Figure: Figure from Soto, Science, 2003
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Figure: Figure from Sengupta et al. EBioMedicine, 2016
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Progression in the brain

Figure: Figure from Sowade et al., Nature, 2017

The spatial dynamics of A3 proteins remain elusive
Oligomers propagate from local seeds
Microscopic — Stokes-Einstein Diffusion

Macroscopic — other mechanisms (exosomes, astrocytes...)
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A size-continuous model (non-spatial)

ALZHEIMER’S DISEASE AND PRION: AN IN VITRO MATHEMATICAL
MODEL

IONEL S.CIUPERCA', MATTHIEU DUMONT"2, ABDELKADER LAKMEC!IES, PAULINE
MAZZOCCO'2, LAURENT PUJO-MENJOUET'?, HUMAN REZAEI* AND LEON M. TINE'?

Continuous in size
No spatial propagation

Fibrils, oligomers and plaques

Interaction with Prion Protein (toxicity)
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A spatial model

ALZHEIMER’S DISEASE: A MATHEMATICAL MODEL FOR
ONSET AND PROGRESSION

MICHIEL BERTSCH, BRUNO FRANCHI, NORINA MARCELLO, MARIA CARLA TESI,
AND ANDREA TOSIN

Discrete in size
Spatial propagation

Fibril coalescence

Mostly numerical, strong theoretical work but few biological
justifications
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Disease progression
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Variables and notations

Local densities
@ m: monomers
@ u;: proto-oligomers of size i, for i = 2... iy (ip for oligomers)
Processes
o Diffusion with coefficient D;
Polymerization with rate r;
Depolymerization with rate b
Fragmentation with rate f3;
Monomer production with rate \x (k for each neuron)
Monomer degradation ¢

Absorption at the external boundary ~

Neurotoxicity 7
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Figure: Domain definition and notations
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The mathematical model

On Q

om io—1 io—1 io—1

v =D1Am+ Z buj — Z ripim+ 23 Z i —om+ Z)\k ) Low, (x
j=3

io—1

Oui )
Z';i =D;Api+ bpiy1 — bpi + ricipi—am — ripim — B(i — V)i + 2 Z fjs
Jj=i+1

O
;: =Djy Apiy + lig—1ftig—1m.

For & = p1 ... piy
Vf"ﬂrz —7E and Vf'ﬁlawk =0.
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Analytical results

The system of partial differential equations has an unique solution
in E = L2([0, T] x Q) N L>([0, T] x Q).

| A

Proposition
For non-negative initial conditions, the solution is non-negative at
all times.

A\

+ Boundedness under the right conditions.

Proofs to come in the proceedings.
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2 (or 3) neurons

Using Finite Elements Method with Freefem++

Time integration with Euler scheme (implicit diffusion, explicit
reaction)

Initial condition: slightly perturbed healthy situation

PAL

2
S
2
§
3
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Parameter choice

@ Stokes-Einstein formula D = GI;F"J;h ~10710m2 571
We use D ~ 10~ ¥ m2.s1

Choices based on biological references and discussion with Human
Rezaei (INRA, Jouy-en-Josas)
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o Stokes-Einstein formula D = GI;rb/];h ~10710m2.s71
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Spatial scale L ~ 100um

Concentration scale C ~ 10=2M(mol.L™1)

Order 1 reaction rates ~ 10~* — 1073571
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Parameter choice

Stokes-Einstein formula D = 6’;;’#7;}7 ~10710m2.s71
We use D ~ 10 ¥m?.s~1

Spatial scale L ~ 100um

Concentration scale C ~ 10=2M(mol.L™1)

Order 1 reaction rates ~ 10~* — 1073571
Polymerization rate r ~ 10" M~1s~1

Monomer production rate A =~ 107 13M.s~ 1

Time scale T =~ 30000s

Critical parameters

Fragmentation rate 5 ~ 107> — 10735~ L.
Toxicity efficiency 7 ~ 1010M~1.s~ 1,

Choices based on biological references and discussion with Human
Rezaei (INRA, Jouy-en-Josas)
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Monomers
Oligomers
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Fragmentation rate 3 = 5.1073s 7!

Monomers
Oligomers
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Perspectives

By order of feasiblity/time required /ambition
@ Optimize numerical simulation code
@ Obtain stronger analytical results
@ Numerical investigation of the parameters
°

Detailed study of the initial conditions
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Perspectives

By order of feasiblity/time required /ambition
Optimize numerical simulation code
Obtain stronger analytical results
Numerical investigation of the parameters
Detailed study of the initial conditions

Derive a macroscopic model and including fibrils, plaques

Enrich the model with the help of biologists (in particular
concerning the neurotoxicity)

@ Study potential therapeutical strategies

Thank you for your attention !

28 /28



	Biological overview of AD
	Progression and symptoms
	A aggregation
	Neurodegeneration and oligomers
	Spatial dynamics of A

	Mathematical basis
	Ciuperca et al., 2018
	Bertsch et al., 2017

	Introduction of our model
	Hypotheses
	Formulation
	Analytical results

	Numerical results
	Method of resolution
	Scaling
	Results


