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“ich habe mich verloren”

auguste deter



auguste deter
"i have lost myselt”



auguste deter alois alzheimer

"i have lost myselt” “the disease of forgetfulness”
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other neurodegenerative diseases

parkinson’s disease

a-synuclein inclusions




other neurodegenerative diseases

parkinson’s disease
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other neurodegenerative diseases

parkinson’s disease
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other neurodegenerative diseases

parkinson’s disease

amyotrophic lateral sclerosis

a-synuclein inclusions
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“un peu d’analyse et de calcul”

daniel bernoulli
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why math”

daniel bernoulli 1760
‘I simply wish that, in a matter which so
closely concerns the wellbeing of the
human race, no decision shall be made
without all the knowledge which a little
analysis and calculation can provide.”




a first model:
network diffusion



transport of toxic proteins

@ idea: toxic proteins diffuse
along axonal pathways

& model: look at diffusion on the
structural network

intial seeding

o—synuclein in parkinson’s
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create a matrix from the graph




create a matrix from the graph

example:




create a matrix from the graph

&
example: Oa® (1)
o

2 -1 0 0 -1 0
-1 3 -1 0 -1 0
0O -1 2 -1 0 0
o O -1 3 -1 -1
-1 -1 0 -1 3 0
o O O -1 0 1

rules: start with node 1

[ =



create a matrix from the graph

VNG
example: OaNe©
Qéf)

2 -1 0 0 -1 0
-1 3 -1 0 -1 0
0O -1 2 -1 0 0
o O -1 3 -1 -1
-1 -1 0 -1 3 0
o O O -1 0 1

rules: start with node 1

[ =



create a matrix from the graph
rules: start with node 1

(&)
example: (4) O
P .é@ -node 1 connected to 2 nodes.
© place a 2 in line 1 column 1

2 -1 0 0 -1 0
-1 3 -1 0 -1 0
0O -1 2 -1 0 0
o O -1 3 -1 -1
-1 -1 0 -1 3 0
o O O -1 0 1

[ =



create a matrix from the graph
rules: start with node 1

(&)
example: ©
P e.é@ -node 1 connected to 2 nodes.
© place a 2 in line 1 column 1
2)-1 0 0 -1 0

-1 3 -1 0 -1 0
0O -1 2 -1 0 0
o O -1 3 -1 -1
-1 -1 0 -1 3 0
o O O -1 0 1

[ =



create a matrix from the graph
rules: start with node 1

(&)
example: ©
P e.é@ -node 1 connected to 2 nodes.
© place a 2 in line 1 column 1
2)-1 0 0 -1 0

-1 3 =1 0 =1 0 -place a -1 in line 1 column 2 and 5

0O -1 2 -1 0 0
o O -1 3 -1 -1
-1 -1 0 -1 3 0
o O O -1 0 1

[ =



create a matrix from the graph
rules: start with node 1

&
example: Q.Qé@ -node 1 connected to 2 nodes.
© place a 2 in line 1 column 1
2)En o o -1 0
-1 3 =1

0O —1 0 -place a -1 in line 1 column 2 and 5
O -1 2 =1 0 0
o O -1 3 -1 -1
-1 -1 0 -1 3 O
O O 0 -1 20 |

[ =



create a matrix from the graph
rules: start with node 1

(&
example: Q.Qé@ -node 1 connected to 2 nodes.
© place a 2 in line 1 column 1
@) o o £
-1 3 -1 0 -1

0 -1 2 -1 0
o O -1 3 -1 -1
-1 -1 0 -1 3 0
o O O -1 0 1

0
0 -place a -1 in line 1 column 2 and 5
O

[ =



create a matrix from the graph
rules: start with node 1

(&
example: Q.Qé@ -node 1 connected to 2 nodes.
© place a 2 in line 1 column 1
@) o o £
-1 3 -1 0 -1

10 -1 2 -1 0
L = 0 0 —1 3 —1 —1 -place a -1 in column 1 line 2 and 5
-1 -1 0 -1 3 0
0 0 0O —1 0 1

0
0 -place a -1 in line 1 column 2 and 5
O



create a matrix from the graph
rules: start with node 1

-node 1 connected to 2 nodes.
place a 2 in line 1 column 1

0
0 -place a -1 in line 1 column 2 and 5
O

1 -place a -1 in column 1 line 2 and 5




create a matrix from the graph
rules: start with node 1

-node 1 connected to 2 nodes.
place a 2 in line 1 column 1

0
0 -place a -1 in line 1 column 2 and 5
O

1 -place a -1 in column 1 line 2 and 5




create a matrix from the graph
rules: start with node 1

-node 1 connected to 2 nodes.
place a 2 in line 1 column 1

0
0 -place a -1 in line 1 column 2 and 5
0

1 -place a -1 in column 1 line 2 and 5

-repeat with nodes 2,...,6




create a matrix from the graph

o O -1 3 -1 -1
-1 0 -1 3 0
o O O -1 0 1

graph laplacian

rules: start with node 1

-node 1 connected to 2 nodes.
place a 2 in line 1 column 1

-place a -1 in line 1 column 2 and 5
-place a -1 in column 1 line 2 and 5

-repeat with nodes 2,...,6



create a matrix from the graph

(6) next find the eigenmodes
example: Q.Q‘Q
O Lv = Av

2 -1 0 0 -1 0
-1 3 -1 0 -1 0
0O -1 2 -1 0 0
o O -1 3 -1 -1
-1 -1 0 -1 3 0
o O O -1 0 1

[ =

graph laplacian



create a matrix from the graph

(6) next find the eigenmodes
example: Q.Q‘Q
O Lv = Av

2 -1 0 0 -1 0
-1 3 -1 0 -1 0

solution with second smallest A:

;|0 -1 2 -1 0 0 —J.2
10 0 -1 3 -1 -1 —3.8
-1 -1 0 -1 3 0 1207 and v=]|Y°

0 0 0 -1 0 1 2.7

2.7

graph laplacian 10



create a matrix from the graph

next find the eigenmodes

LV = AV

solution with second smallest A:

example:

2 -1 0 0 -1 0
-1 3 -1 0 -1 0

;|0 -1 2 -1 0 0 —J.2
10 0 -1 3 -1 -1 —3.8
-1 -1 0 -1 3 0 1207 and v=]|Y°

0 0 0 -1 0 1 2.7

2.7

graph laplacian 10
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3.
“they violate most of biology's sacred rules”

jonah lehrer proust
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production
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production  clearance conversion

ke _D1V(D - Vp) b ‘
prp—pTp
E:DW(D;;-VP) Q Q

~ L . clearance conversion
for p > p and p at equilibrium we have

g Div(D - V) + ac(1l — ¢)

ot

anisotropic fisher equation (1937)




anisotropic diffusion

ac ,
— =D1iv(D - Ve) + ac(l — ¢)

ot

Cell bodies
& dendrites Grooves Axons

fast axonal transport d
along n

(@
(@),
“’

slow extracellular diffusion 5
perpendicular to n

[wu et al, 2013 . biol. chem]
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anisotropic diffusion

ac ,
— =D1iv(D - Ve) + ac(l — ¢)

ot

in one dimension:

$ C
v=2/ad
. 1
C(t) = —J c(x,t)dx
4 9
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1. data acquisition

[with m. turk]
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2. segmentation

sagittal slices coronal slices transverse slices



3. information on axonal direction

whole brain

sagittal view coronal view

[weickenmeier, jucker, ag, kuhl 2018]
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4. 3d model
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tau propagation in Alzheimer's disease tau infestation mid-stage
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d. TPD-43 inclusion in amyotrophic lateral sclerosis

[weickenmeier, ag, kuhl, 2018]
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continuum model discrete model
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Vo mean fiber number nij
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Impairment (%)

Amyloid
markers

Functional/
metabolic
markers

Whole-brain
atrophy

[frisoni, fox, jack, scheltens, thompson 2010]
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o biomarker abnormality [%] 8

Entorhinal
cortex atrophy

Hippocampal
atrophy

Temporal
neocortex

-— temporal
— frontal
— parietal
— occipital -
== network
== continuum

10

15

20 time[yr]

[fornari, schafer, jucker, ag, kuhl, 2019]



=N

o biomarker abnormality [%] 8

= N

o biomarker abnormality [%] =

-— temporal
— frontal
— parietal
— occipital -
== network

== continuum

0 5 10 15 20 time[yr]

[fornari, schafer, jucker, ag, kuhl, 2019]



reducing production

misfolding p
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reducing production
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reducing production
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reducing production increasing clearance
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reducing production increasing clearance
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epilogue
“c’est la premiere loi de la nature”
voltaire



what did we learn?

spatial progression atrophy pattern @ biomarker evolution
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amyloid-f} deposits Alzheimer’s disease
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tau inclusions

Alzheimer’s disease

a-synuclein inclusions Parkinson’s disease

Lq H

TDP- 43 mclusmns amyotrophic lateral sclerosis




What did we learn?
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