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MULTIVARIATE SIGNAL INTEGRATION

A fundamental aspect of biological
systems is that they are multivariate:
cells receive, integrate and respond to
hundreds or thousands of concurrent
environmental cues. Signalling
networks provide the computational
and integrative framework for cells
to process and respond to these cues,
and the contribution of kinases or
other signalling molecules to a
change of phenotype or cellular
behaviour depends on the state of
the signalling networks.

Indeed, kinase activation can
initiate different cellular decisions
depending on the pre-activation state
of the network, as shown in a seminal
paper by Janes et al. They showed that
Jun N-terminal kinase (JNK) activation
can be anti- or pro-apoptotic
depending on the network state when
cells receive growth factor cues.
Therefore, to describe and predict a
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and predict

a cellular
response to a
perturbation...
studies must
be carried out
in the context
of the cell’s
multivariate
network state.

RESEARCH HIGHLIGHTS

Nature Reviews Molecular Cell Biology | AOP, published online 6 May 2010; doi:10.1038/nrm2906

cellular response to a perturbation
(such as a drug or genetic lesion)
studies must be carried out in the
context of the cell’'s multivariate
network state. Because this depends
on cues in the environment of the cell
or tumour, the molecular roles of
many genes and proteins are only
valid in a specific area. In fact, a
recent study by Wu et al., showing
that JNK signalling can cooperate
with deletion of Scribble or Ras in
adjacent cells to cause cancer in
Drosophila melanogaster, suggests
that multivariate signal integration
can even depend on multiple cells
working in a coordinated manner.
Thus, we must move towards the
systems-level study of signalling.
Finally, as cancer and other
complex diseases are diseases of
networks rather than of individual
molecules, we must establish
network-level drug targets and
diagnostic markers. Indeed, the
success of an inhibitor treatment is
likely to depend on the network state
of tumour cells, as suggested by three

recent studies on the effectiveness

of BRAF kinase inhibitors (by
Hatzivassiliou et al., Heidorn et al. and
Poulikakos et al.), which make
divergent observations that might be
due to the complex multivariate and
integrative nature of signalling
systems and networks.
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