
Project Description

Modelling receptor tyrosine kinase signaling
using nonlinear mixed effect models

Duration: 4-8 months

1 Background

Figure 1: RTK model adapted from [2]: Arrows indicate activation, blunt
ends show inhibition. The red colored lines indicate feedbacks. The numbers
on the right corner of each species indicate the concentration ranges based on
existing data. The number 2 to 6 indicate that the approximate abundance is
on the order of ∼ 102 - 106.

Mathematical models based on ordinary dif-
ferential equations (ODEs) are useful tools to
gain mechanistic insights into biological pro-
cesses. A class of models interfaced with
ODEs called non-linear mixed effect models
[1] (NLMEs) enable us to account for cell-to-
cell variability and complex cell-specific noise
by introducing distributions of the parame-
ters of the model. Such NLMEs are em-
ployed to describe pharmacokinetic/ pharmaco-
dynamic data and more recently, to describe
single-cell data [3], where the variation between
the individuals of the population is of inter-
est.

In this study we are interested in understanding
receptor tyrosine kinase signaling (Figure 1) in dif-
ferent cell lines under different experimental condi-
tions. Receptor tyrosine kinases (RTKs) are a fam-
ily of cell-surface receptors that are upstream of
many important signaling networks, thereby play-
ing a key regulatory role for a variety of cellular
processes. Furthermore, many types of human
cancers and other diseases have been linked to
aberrations in RTK signaling. Therefore, under-
standing the behavior of the pathway would aid in
better design of drugs and therapies. We would
calibrate an existing simplified RTK model (36 ki-
netic parameters and 23 states) to a rich data set containing 10 cell lines with 14 measured species under 16 different stimulation
protocols using NLMEs. The motivation to use NLMEs comes from the assumption that the variation seen in the dynamics of the
signaling across cell lines and experimental conditions arises from variation of the parameters of the model.

2 Goals
• Formulate mixed effect models with multiple effects (experiment specific, cell-line specific and random effects)

• Implement the model in alternative methods (MONOLIX [4] and an in-house pipeline).

• Interpret the results with respect to each parameter’s contribution to the variation in dynamics. Understand if the observed
variations corroborate with the literature in terms of the existing knowledge about the cell lines.

• Draw comparisons between the results of different methodologies.

3 General information
• Candidate should possess programming knowledge in MATLAB with rudimentary Linux and be highly motivated to learn.

Previous experience with ODE based modelling is ideal.

• The candidate is required to use version control for all code and documentation (GIT).

• Previous knowledge in statistical modeling and mixed-effect models is ideal, but not required.

• At the end of the project, the candidate would be able to understand the mixed effect modelling framework, carry out
parameter-estimation procedures for ODE models, and should have learned some nuances of ODE based modelling.
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4 Contact
• Lekshmi Dharmarajan, lekshmi.dharmarajan@bsse.ethz.ch, CSB, D-BSSE, Basel

• Dr. Hans-Michael Kaltenbach, michael.kaltenbach@bsse.ethz.ch, CSB, D-BSSE, Basel
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