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Erythropoiesis - A Closed-Loop Control System
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Erythropoiesis - A Closed-Loop Control System
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Epo and Epo receptor interaction and trafficking

extracellular medium
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[Epo] = —v; + vy + g v, = ko - [Epo)] - [EpoR]

[EpOR] ==V +V+VUs—Vs+V V2= kon ' kD ! [Epo-EPOR‘]

}A [Epo_EpoR] = +v; — vy — vs v3 = kt * Binas
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Raue et al. Chaos 2010 vs = kqe - [Epo-EpoR.i]



Epo and Epo receptor interaction and trafficking
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Goals:

e Estimation of model parameters )E model

e Prediction of dynamics
v1 = Kon * [Epo] - [EpoR]

vy +vg V2= Ko, kp - [Epo-EpoR]

- [Epo_EpoR] = 4v; — Uy — Us v3 = kt * Binao
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Raue et al. Chaos 2010 vg = kge - [Epo-EpoR. i



Initial Experimental Setup

e Maximum Likelihood Estimation
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Predicted Model Dynamics
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Parameter Identifiability

Identifiability is a matter of flatness of the likelihood ...

(a): structural non-identifiability (c): practical non-identifiability (e): parameters identifiable
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Parameter Identifiability

Identifiability is a matter of flatness of the likelihood ...

(a): structural non-identifiability (c): practical non-identifiability (e): parameters identifiable

91 91 91

- Profile Likelihood Approach Raue et al. Bioinformatics 2009

m  dg 1 1 Vil — U (t 0) 2
Likelihood L(ylf) = ——_ exp (__ ( Kl — Ykt ) )
Igg \/27r012€l 2

Okl

Profile Likelihood PL(y|0;) = renax[L(y\e)]



Parameter Identifiability

Identifiability is a matter of flatness of the likelihood ...

(a): structural non-identifiability (c): practical non-identifiability (e): parameters identifiable
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Markov chain Monte Carlo

Likelihood Prior

| \ /
Posterior  P(f|y) = c- L(y|0) - P(0)

/

normalisation factor

Markov process with transitions g — ¢’

Metropolis-Hastings algorithm

Proposal function q(0']0) ~ N(0,s - T

Acceptance probability

a(0'16) = min[1, (L(y|0")/L(yl0)) - (a(6]6")/q(6"|6))]

— simplified MMALA algorithm
Girolami et al. J. R. Statist. Soc. B 2011

(e): parameters identifiable
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Markov chain Monte Carlo

MCMC samples

marginalized MCMC samples

(e): parameters identifiable
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Markov chain Monte Carlo

MCMC samples

marginalized MCMC samples
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Results for Initial Setup
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Experimental Design
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Experimental Design
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Extended Experimental Setup

Epo inside the cell
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Results for Extended Setup
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Predicted Model Dynamics

™ PDF of predicted dynamics
— MAP trajectory of dynamics
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Predicted Model Dynamics - Biological Interpretation
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Predicted Model Dynamics - Biological Interpretation
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Predicted Model Dynamics - Biological Interpretation

Integral EpoR occupancy
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Summary 1

Cellular information processing through EpoR
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Becker et al. Science 2010 0 ligand concentration



Summary 2
Comparison of profile likelihood and MCMC sampling

A initial experimental setup

posterior profile (unnormalized)
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Summary 2
Comparison of profile likelihood and MCMC sampling

A initial experimental setup
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Summary 3
Approach is applicable for larger models (24 x 25 ODEs, 113 parameters)
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Comparison of ODE and SSA
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Scaling of Profile Likelihood Approach

Runtime analysis for increasing number of parameters: .
3
Calculation can also be parallelized perfectly! 2 ol
5
L
10'}
Model of downstream signaling events: o e

number of free parameters

25 ODEs

24 experimental conditions
541 data points

113 free parameters

~10 minutes per profile

Bachmann et al. Molecular Systems Biology 2011



Requirements for Profile Likelihood Approach

(b): profile likelihood of (a) (d): profile likelihood of (c) (P: profile likelihood of (e)

®)
>

ot

Raue et al. Bioinformatics 2009

» Profile Likelihood Approach is not limited to ODE models

e Only requirement: a working Maximum Likelihood Estimation
e Freely available software implementation:

PottersWheel Toolbox (MATLAB)



(a) scenario 1

dynamic model

(‘non-identifiability

§

Q-C
o

model predictions affected by non-identifiability
— model predictions not reliable

experimental design:

supply additional data

structural practical

measure additional
species

improve data quality

Raue et al. IET Systems Biology 2011

Experimental Design vs. Model Reduction

(b) scenario 2

dynamic model

non-identifiability

- J

model predictions not or only negliglibly affected
by non-identifiability

model reduction:

simplify ODE system with

respect to non-identifiability




The ,,Systems Biology“ Approach

Signal transduction through the Erythropoietin receptor (EpoR)

34F

321

281

concentration

26|
24r¢
221
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/ time

In silico biology
Test the prior knowledge
Understanding systems’ properties
|dentification of potential drug targets




