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teins. As several approved cancer drugs are
inhibitors of tumour-associated kinases,
such as BCR/ABL, KIT, HER-2 and the epi-
dermal growth factor receptor, the search
for mutated kinases is important. Another
mutated kinase is BRAF, identified in a large-
scale DNA-sequencing project to be altered
in melanomas (reviewed in ref. 4). But an
ongoing project to sequence the genes
encoding 478 kinases in a panel of breast
cancers has yet to replicate the success of the
BRAF example (M.Stratton).

A new way to discover the roles of particu-
lar genes in cancer is to use cultured cancer
cells and the technology of RNA interference
to decrease gene expression. Several academ-
ic centres and corporations are developing
libraries of RNA interference reagents that
reduce the expression of any of the 30,000
human genes (G. Hannon, Cold Spring Har-
bor Laboratory; see also page 375). These
libraries will make it possible to identify the
functions of genes that control crucial prop-
erties of cancer,and could therefore be attrac-
tive drug targets. Moreover, several other
approaches to the development of cancer
treatments are being launched.When specific

target proteins are not known, gene-expres-
sion profiles may be used to screen for drugs
that modulate cancer-cell behaviour (T.
Golub)5. For example, the expression pattern
of five genes distinguishes leukaemic cells
from normal blood cells and can be used as
a readout to search for drugs that induce
leukaemic cells to differentiate5.

Roughly 500 new anticancer drugs are in
clinical trials,and many more should soon be
under development as a result of new tech-
nologies. At the same time, advances in the
molecular profiling of tumours could help to
define diagnostic patterns that identify those
patients most likely to benefit from the new
treatments. Although numerous challenges
still lie ahead, the future of personalized
cancer treatment looks promising. ■
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produced either by fluctuations in an
oscillatory spike-generator or by activity-
dependent changes in threshold. Long inter-
vals followed by short ones (and vice versa)
result in negative interval correlations.

The essence of spike generation is that
inputs too weak to trigger a response are
summed,giving a potential; when the poten-
tial reaches a threshold, a spike is generated.
Chacron et al.1 use a ‘perfect integrator
model’5 for both spike-generation schemes,
with a random threshold drawn from a uni-
form distribution. When the threshold is
reached the potential is reset, either by an
amount dependent on the magnitude of the
threshold just reached (to produce serial
correlation), or by a random amount (to
generate a spike train with the same inter-
spike-interval density but no correlation).

The advantage of using this simple
model is that the spectra, coherence and
information transmission rates (mutual
information rates) can all be calculated, as
well as estimated through computer simula-
tion. Chacron et al. demonstrate that a nega-
tive serial correlation between spikes reduces
the spike-train spectrum and coherence at
very low frequencies, although at middle-
range frequencies the coherence is increased.
Serial correlation also enhances the ability of
the model to transmit information by reduc-
ing low-frequency noise compared with the
renewal process. Such effects have been seen
in more realistic neural models6, and can be
quantified in real neural spike trains; but the
complexity of both of these situations had
meant that the mechanism for improved
information transfer was unclear.

Whether or not this increase in the infor-
mation transmission rate is exploited in
neural systems is an open question, as bio-
logical evolution produces systems that work
well enough and are robust, without neces-
sarily being optimally efficient. The nervous
system responds to a spike train in real time
and does not process it as an indefinite
sequence. But the effect of correlation on the
transmission rate in a single spike train
might transfer to correlations between mul-
tiple spike trains: variability between differ-
ent neurons could be correlated, through
common inputs and feedback7,and coupling
within a population could lead to a similar
reduction in variability by noise shaping8. ■
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Anerve cell is an example of a system
whose excitation codes and transmits
dynamic information.When a stimu-

lus is above a given threshold, the neuron
responds by generating an action potential,
so that over time it fires irregular sequences
of all-or-nothing spike responses. The ionic
cell mechanisms that generate the spike are
understood,but there are many mechanisms
for coding the spike train, and our knowl-
edge of these mechanisms ranges from well
established to speculative. In Physical Review
Letters, Chacron et al.1 show, using a simple
action-potential model, that correlations
between sequential interspike intervals can
shape the noise spectrum — and that this
shaping can increase the transmission of
information, because it reduces the noise
spectrum at low frequencies.

Information theory is essentially linear2:
a reaction is directly proportional to an
action. So it might be expected that the con-
straints imposed by interval correlations
would reduce the transmission of informa-
tion. However, spike generation is a strongly
nonlinear,excitable process with a threshold,
and such systems can behave counter-
intuitively. A good example is stochastic

resonance3, in which additive noise can
increase, rather than decrease, the efficiency
of information transmission.

A spike train can be represented by the
sequence of intervals between spikes; this is
characterized by the interval statistics (in
the time domain by probability distributions
and correlations, and in the frequency
domain by spectral densities).Chacron et al.1

consider two schemes of spike generation.
The first produces a ‘renewal process’ that
has no memory of the excitation because the
system resets itself each time a spike is gener-
ated. Here, there is no correlation between
successive spike intervals. The probability
distributions for higher-order intervals (say,
between one spike and the third spike follow-
ing) and the ‘autocorrelation’ (the probabili-
ty of a spike occurring after some other spike,
irrespective of how many intervening spikes
there were) can be calculated directly from
the interspike-interval probability density.

The second scheme generates a non-
renewal spike train, with correlations
between adjacent intervals. Spike trains of
sensory neurons4 with a constant stimulus
often show dependencies between neigh-
bouring intervals; such dependencies are
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Noise limits the efficiency of information transfer. But correlations of the
intervals between signal pulses can reduce low-frequency noise and
thereby increase the transfer of information.
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