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BACKGROUND

- Populations of cells are almost always heterogeneous in
function and fate. To understand the plasticity of cells,
it is vital to measure quantitatively and dynamically the
molecular processes that underlie cell-fate decisions in
single cells. Early events in cell signalling often occur
within seconds of the stimulus, whereas intracellular
signalling processes and transcriptional changes can take
minutes or hours. By contrast, cell-fate decisions, such
as whether a cell divides, differentiates or dies, can
take many hours or days. Multiparameter experimental
and computational methods that integrate quantitative
measurement and mathematical simulation of these
noisy and complex processes are required to understand
the highly dynamic mechanisms that control cell
plasticity and fate.




DYNAMIC PROCESSES AND
MEASUREMENT TECHNOLOGY
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MODEL-LED DATA INTEGRATION ANANALYSIS

® The quantities of experimental data and the number
of reactions that regulate cell fate pose a major
challenge to understanding cellular plasticity.
Mathematical modelling and model-based data
analysis are required to understand the behaviour
and design principles of complex systems that show
nonlinear behaviour in space and time (for example
patterns, oscillations, switching and stochasticity).

® Modelling is also crucial for processing, integrating
and interpreting complex high-dimensional data
sets.Time-lapse measurements of single cells are
ideal data sets from which to develop dynamic
mathematical models. Deterministic mathematical
models (for example using differential equations) can
accurately simulate dynamic cellular subsystems.




@ Cellular heterogeneity, however, is a common problem, and
deterministic models cannot accurately simulate population-
level or single-cell data unless the cells are relatively
synchronous. Deterministic models basically assume that all
cells are the same, which has the same outcome as
experimental measurements of cell populations, which
essentially average the data.

@ Therefore, stochastic models often need to be used in
combination with deterministic models, in order to take into
account cell-to-cell variation and noise, as well as to explain
cellular heterogeneity.

@ All of these models need to be in a common format so that
they can be more easily understood and integrated together
into larger models.




CONCLUSIONS

@ The diverse technolo%ies used for single-cell
measurements reflect the complexity and
variety of the processes that need to be
probed if we are to understand the basis of
cellular plasticity. There remain manE/ areas
where the technologies that are available
have limited the ability to make accurate
measurements of important processes,
including the quantification of protein-
protein interactions, post-translational
modifications and the absolute levels of key
proteins.lsolated cells in vitro lack the
correct environment that organizes and
directs their behaviour in vivo .




@ In this way, there is an increasing need for
single-cell analysis of molecular and cellular
dynamics, coupled to an integrative and
interdisciplinary systems-biology approach.
This seems to be the most promising way to
understand these important cellular decision-
making processes.







