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because it is not inhibited by the p85 nSH2
domain (see the figure).
It is less clear how the ABD mutations activate PI3K. Although the ABD binds to p85,
ABD mutations are located on the exposed
surface oriented away from the iSH2 domain,
suggesting that ABD mutations do not directly
interfere with p85-p110α interaction. Instead,
they may distort orientation of the ABD with
respect to the catalytic core, affecting the
intrinsic enzymatic activity of p110α or its
interactions with other proteins.
How does the E545K mutant promote cell
growth and survival in the absence of growth
factors? Although the mutation abrogates
intermolecular inhibition, it does not explain
its membrane localization. The p85 nSH2
domain, unencumbered by interaction with the
p110α helical domain, might remain more
tightly associated with receptors and adaptors,
protecting critical tyrosine residues from
dephosphorylation and thereby prolonging

PIP 3 production. It is also possible that
the mutant PI3K localizes to the membrane
through membrane-bound Ras protein (p110α
has a Ras-binding domain) or random encounters with membrane lipid substrate. The
research by Miled et al. will hopefully spur
efforts to crystallize the holoenzyme with both
the wild-type and mutant p110α proteins.
PI3K inhibitors are now being evaluated in
clinical trials. Analogous to the success of
drugs that block kinases—trastuzumab in
HER2-amplified breast cancers, imatinib in
Philadelphia-chromosome chronic myelogenous leukemia, and gefitinib in EGFR-mutant
lung cancers—cancers with genetic activation
of PI3K signaling could be susceptible to
PI3K inhibitors. Thus, cancers with PIK3CA
mutations (or PTEN loss) will be carefully
investigated for sensitivity to PI3K inhibitors.
The p110α E545K mutant may be susceptible
to compounds that bind to its unique helical
domain surface. Such a specific therapy would
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A cancer-linked mutation in PI3K. The major stabilizing interaction in PI3K involves the p85 iSH2 and p110α ABD domains. Inhibition of PI3K is mediated by a
charge-charge interaction (shown as plus and minus signs) between the p85 nSH2 domain and the helical (H) domain of p110α. PI3K localizes to the membrane
where interaction with an activated receptor relieves the inhibition. In PI3K with an oncogenic p110α charge-reversal mutation in the helical domain (E545K), the
inhibitory interactions are abrogated, resulting in constitutive PI3K activation.

be expected not to inhibit wild-type PI3K,
thus reducing unwanted side effects. Moreover, different PIK3CA mutations may be
functionally distinct and their effects on cellular responses to inhibitors could also be variable. Thus, we are reminded not to necessarily
group all cancers with PIK3CA mutations
together when analyzing cancers and their
response to targeted therapies.
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Standard climate model projections, which have
shown the significance of global warming, must
be redesigned to inform climate change adaptation and mitigation policy.

Peter Cox and David Stephenson

he latest report by the Intergovernmental Panel on Climate Change (IPCC)
makes it clear that recent global warming is significant in the context of natural climate variations, and that human activities
are very likely to be the cause of this climate
change. As a result, businesses, policy-makers,
and members of the public are seeking the
advice of climate scientists on what they should

CREDIT: P. HUEY/SCIENCE

T

The authors are in the School of Engineering, Computing
and Mathematics, University of Exeter, Exeter EX4 4QF,
UK. E-mail: p.m.cox@exeter.ac.uk

do to prepare for the inevitable further climate
change over the next few decades (adaptation)
and how they can help to avoid dangerous climate change in the longer term (mitigation).
Current climate change projections produce a wide range of estimates of global
warming by 2100. These projections are useful for stressing the consequences of different
greenhouse gas emission scenarios, but too
long-term and uncertain to guide regional
adaptation to climate change. Standard
climate projections are also insufficiently
focused on quantifying the risk of dangerous
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climate change to properly inform mitigation
policy under the United Nations Framework Convention on Climate Change. (The
UNFCCC is an international treaty joined by
most countries; the Kyoto Protocol is an
addendum to that treaty.) How can projections
be designed so that they better inform policy?
Uncertainties in climate predictions vary
with the averaging period over which the climate is defined and with the lead time of the
prediction. Consider, for example, the prediction of the global mean decadal temperature
over the next century, with forecast lead times
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at a concentration that avoids dangerous interference in the climate system. The convention,
therefore, focuses on the risk of dangerous climate change as a function of the concentration
of greenhouse gases and on the relation
between CO2 emissions and increases in
atmospheric CO2 concentrations through climate–carbon cycle feedbacks (5, 6).
These issues are not easily addressed with
the model simulations currently used by the
IPCC (see the second figure, left panel). In the
IPCC approach, scenarios of possible future
emissions of greenhouse gases and aerosols are
generated with socioeconomic models that
take into account a range of “story lines” covering global population growth, economic development, energy use, and a variable mix of
future energy sources. These emission scenar-
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