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Studied data

Human stem cells

Actin stress fibres

Filament sensor algorithm (Eltzner et al. 2016)
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Stem cells data

Cell approximated by ellipse

Three categories of cells - they have been placed on gel with
different stiffness

Stiffness of gel - precursor for cell differentiation
1 kPa - neuron cells,
10 kPa - muscle cells,
30 kPa - bone cells

Stiffness measured - Young modulus
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Stem cells data categories
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Problems

1 kPa more chaotic structure - easier for modeling
firstly - only this category
restriction - only cells well approximated by ellipse

10 kPa and 30 kPa cells
very complex structure
usually not well approximated by ellipse
saving these data for later
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Stem cells data categories
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1 kPa cells examples
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Model for data

Model should reflect following features
Expects only fibers in ellipse approximation

Fibers are driven by Poisson process

Fibers length is driven by beta distribution

Segments further from centre appear with higher probability
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Model for data

We consider probability density with respect to the Poisson process
with unit intensity

p(x) = c1x⊂B exp

(
b
∑
u∈x

d(u)

)
(z|B|)n(x)

∏
u=(r ,x)∈x

g
(

r
e1

)

where B is ellipse approximation of cell, e1 size of longer axis, x
is a realization of a process, d(u) is the largest distance of fiber u
from the ellipse center, n(x) is number of fibers in x.

g(r) = rα−1(1−r)β−1

B(α,β)

We have parameters b, z, α and β to estimate.

c is constant.
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Estimation of parameters

Takacz-Fiksel method based on Georgii-Nguyen-Zessin formula:

E
∑

u∈x q(u,x \ u) =
∫
λ∗(x,u)q(u,x)du, where λ∗ is

Papangelou intensity in form

λ∗(x,u) = λ∗(u) = λ∗((r , x)) = z1u⊂B exp (bd(u))g
(

r
e1

)

We minimize
(∑

u∈x q(u,x \ u)−
∫
λ∗(u)q(u,x)du

)2 for selected

functions d(u), log
(

l(u)
e1

)
, log

(
1− l(u)

e1

)
, 1.
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Estimation results
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Verification results

Simulation from the estimated model
19 simulations for every cell from which we create confidence
interval for selected statistics D(x) =

∑
u∈x d(u) and n(x) by

taking minimum and maximum values of statistics from
simulations.
We can see that values of statistics lie within the interval
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Verification results
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Bright future

Create more complex model to include also cells from 10 kPa
and 30 kPa category.
Include to modelling cells, which are not well approximated by
ellipsis.
Differentiate cell categories according to estimated model
parameters.
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