Using time-resolved transcriptional profiling
to untangle gene regulatory dynamics in
response to MAP kinase signaling
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Aberrant MAP kinase signaling drives various forms of
cancers. With help of microarray time course data obtained
from a highly controllable cell culture system we quantified
gene regulatory dynamics in response to MAP kinase signaling.
Model-based inference strategies allowed identification of
differently regulated mRNA clusters taking into account their
transcriptional kinetics and temporal organization. Based on
our model, we were furthermore able to quantitatively predict
the transcriptional response profiles to different MAP kinase
activity patterns. Thereby, we help to better understand how a
single signaling pathway can elicit a large variety of different
response Kinetics.
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HE classical MAP kinase signaling pathway controls
fundamental cellular processes such as growth and
differentiation and is deregulated in at least one-third of all
cancers [1]. Whereas the quantitative details and dynamics
of signal transduction have been studied extensively the
gene regulatory response to MAP kinase signaling and its
network organization lacks detailed understanding.
On the basis of microarray time course data obtained from
a human cell culture system which short-cuts signaling and
limits cross-talk we used mathematical modeling and
computational data analysis to investigate how MAP kinase
signaling regulates transcription and transcript stability.
Taking temporal organization of primary and secondary
response genes into account, we inferred gene regulatory
dynamics from the given expression data to develop
characteristic transcriptome-wide response profiles to both
normal and aberrant MAP kinase signaling. Here, we
describe different transcriptional waves and how they relate
to each other, complementing and advancing earlier studies
on the transcriptional response to normal MAP kinase
signaling [2,3,4]. Moreover, we reveal different transcript
clusters sensitive or insensitive to subsequent targeted
inhibition of MAP kinase signaling in our highly
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controllable model system.

Our computational model furthermore allows us to
quantitatively predict the transcriptional response profiles to
different MAP kinase activity patterns. In accordance with
the literature [5,6,7], we can account different cellular
outcomes to differential pathway activation kinetics. Here,
only sustained activation of the system results in
transcriptional upregulation of genes associated with cellular
differentiation, whereas transient activation leads to cellular
proliferation.

To conclude, by illuminating the gene regulatory
dynamics in response to both normal and aberrant MAP
kinase signaling we help to better understand crucial
regulatory layers controlled by this highly relevant signaling
network.
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