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emissions of CO, that would result.

Hausfather and colleagues developed a
method for evaluating the forecasts of early
climate models without penalizing the models
for theirinaccurate estimates of unknowable
future climate drivers. The authors examined
17 projections of global mean surface temper-
ature (GMST) from 14 models. Before applying
their method, they found that 10 projections
were consistent with observations. But when
inaccuracies in the estimates of climate driv-
ers were taken into account, the authors
discovered that14 projections agreed withthe
data. Of the three that did not, two predicted
higher-than-observed surface warming and
one predicted lower-than-observed warming.

Developing credible climate models
through an understanding of climatically
relevant processes, observations and
well-formulated equations is a considerable
scientific and computational challenge. The
equations that describe climate are complex
and require substantial computing power to
solve. As aresult, climate models have always
beenrun onthe fastest supercomputers avail-
able.Itisespeciallyimpressive that the earliest
models assessed by Hausfather et al. produced
accurate GMST forecasts, given the extremely
limited computing power available then com-
pared with that used today (Fig. 1).

Although the authors’ findings show
that climate models can accurately predict
GMST, these forecasts are insufficient for
understanding and preparing for the effects
of ongoing climate change. For instance,
regional climate change is especially subject
to unpredictable climate variability, which
greatly limits forecasting potential —evenon
decadal timescales when the climate drivers
are known’. Moreover, on the basis of GMST
forecastsalone, itis hardto predict, for exam-
ple:towhat extent sealevel will rise; how ocean
acidification caused by uptake of atmospheric
CO, will influence marine ecosystems; and
the frequency and magnitude of future fires,
droughts and floods.

Scientists will have to continue to improve
climate modellingand toincrease their under-
standing of the effects of climate change, while
keepingin mind the tension between the need
for increased model resolution, greater rep-
resentation of climatically relevant processes,
and more simulations to characterize unpre-
dictable climate variability. The successful
forecasting of GMST by early climate models
isimpressive, but leaves muchworktobe done
—asscientists, policymakers and stakeholders
areallwell aware.

Numerical models based onscientific equa-
tions describing the atmosphere are used daily
to make decisions that save lives and money.
As the climate continues to change owing
largely to human activities, scientists need
to use, improve and communicate the value
of numerical models and the equations and
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knowledge that underlie them. Hausfather
and colleagues’ work demonstrates that the
physicsinclimate models hasbeen providing
accurate forecasts of GMST under increasing
amounts of atmospheric CO, for decades.
Such predictions are useful for estimating the
maximum amount of CO, that can bereleased
into the atmosphere over time to keep surface
warming to a specified level.

Crucially, the authors’ results also show
that a major source of uncertainty in GMST
forecasts comes from climate drivers. And,
ofthesedrivers, itis emissions of greenhouse
gases from human activity that will largely
determine future surface warming. The find-
ings indicate the usefulness of climate-model
predictions of GMST inresponse to increasing
greenhouse-gas emissions, despite unknowa-
ble future climate drivers. But scientists must
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also continue to develop climate models in
concert witheverythingelse available tothem,
to plan for a changed climate that requires
much more thanforecasts of surface warming.
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Brain tumours manipulate
neighbouring synapses

Nicola J. Allen

The growth of abrain tumour can be affected by the activity of
its neighbouring neurons. The finding that such tumours send
signals that boost connections between these neurons reveals
apathway that drives cancer growth. See p.166

A type of non-neuronal brain cell called a
glial cell can give rise to alethal cancer called
glioblastoma'. Half of the cells in the human
brain are glial cells, which normally act to
support the function and communication of
neurons? Yet despite decades of research,
there are no existing treatments for glio-
blastoma that substantially increase the
survival time of people with such tumours.
On page 166, Yu et al.® report their analysis
of the effects on the brain of certain glioblas-
toma-associated mutations. These insights
might open up new strategies for anticancer
research.

DNA sequencing of cancers has identified
many tumour-associated mutations. How-
ever, it is a challenge to determine which of
these mutations have a causal role in tumour
development and growth, and which have no
effect. Moreover, some mutations canbe con-
textdependent, such that the same mutation
might have differing effects depending on the
type of tumour and its microenvironment. It
is hard to predict whether different muta-
tions (variants) of the same gene will lead to
the same outcome in different tumour types.

Yu and colleagues tackled these issues
by studying the RTK-RAS-PI3K signalling
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pathway in glioblastoma. This pathway is
altered in 90% of glioblastomas*®, and muta-
tions in it boost cell division and tumour
growth. The authors focused on mutations
inthe gene encoding the enzyme PIK3CA —a
pathway component thatis often abnormalin
human glioblastomas.

The authors generated mouse models of
glioblastoma, and mutated genesinthe RTK-
RAS-PI3K pathway using the gene-editing
tool CRISPR-Cas9, which resulted in tumour
growth. Yu et al. then engineered animals to
express PIK3CA variants that are found in
human glioblastomas (Fig. 1). This revealed
that many of the tested variants made tumours
more aggressive and rapidly lethal. This was
the caseboth forknownvariants and for others
that had not previously been associated with
aroleinglioblastoma.

Yu and colleagues studied whether alter-
ations in the enzymatic activity of PIK3CA
variants might explain how they accelerate
glioblastoma progression. Surprisingly, the
activity of PIK3CA was not always linked to
an effect on tumour growth — some variants
strongly increased enzyme activity, whereas
others had amuchmilder effect. Toinvestigate
other mechanisms that might explain the effect



ontumour growth, the authors performed RNA
sequencing of tumour cells. Most PIK3CA var-
iants had patterns of altered gene expression
that were similar to each other in the animals’
tumours, but different from the pattern in
healthy tissue. However, two variants (named
C420R and H1047R) had distinctive patterns
compared with each other and with the other
variants. Tumours containing either of these
two variants showed abnormally altered
expression of hundreds of genes that regulate
synapses (structures that connect neurons).
C420R and H1047R were also each associated
with alterations in different categories of
synapse-regulating gene.

Seizures are caused by a rise in neuronal
activity and are often an early symptom of
glioblastoma®. This effect might be driven by
an abnormal increase in the connectivity of
excitatory synapses (those that drive neuronal
activity) and adecrease in the connectivity of
inhibitory synapses (which decrease neuronal
activity). Yu and colleagues report that mice
with tumours that express C420R or H1047R
variants had seizures, whereas a PIK3CA
variant termed R88Q that does not alter syn-
apse-related gene expression in tumours did
notinduce seizures. Compared with tumours
expressing the R88Q variant, those expressing
C420R or H1047R showed anincrease in the
number of excitatory synapses and adecrease
inthe number of inhibitory synapsesintissue
surrounding the mouse tumours. This pattern
might explain how certain PIK3CA variants
drive neuronal excitability and seizures.

When the authors engineered mouse brains
to express increased amounts of the PIK3CA
variants (without expressing other mutations
that drive glioblastoma), they found that, in
the absence of glioblastoma, HI047R drives
seizures whereas C420R and R88Q do not. This
indicates that H1047R acts ‘cell autonomously’
to regulate neuronal excitability — meaning
that it functions within the cell itself rather
than acting on a neighbouring cell.

To determine how C420R might drive
seizures, the authors expressed PIK3CA var-
iantsin a type of glial cell called an astrocyte
that enhances the formation of synapses
between neurons by releasing secreted
molecules. The authors cultured astrocytes
invitro with neurons and assessed the astro-
cytes’ ability to induce neuronal synapse
formation. Astrocytes that expressed C420R
induced higher than normal synaptic forma-
tion between neurons, whereas astrocytes that
expressed H1047R had no such effect. This
suggests that C420R changes the properties
of glioblastoma cells to make them induce the
formation of synapses between the neurons
that they contact.

Further analysis of RNA sequencing data
by the authors revealed that tumour cells
that expressed C420R showed increased
expression of known synapse-regulating
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Figure 1| Tumour modulation of neuronal connections. Yu et al.’ report their analysis of the brain cancer
glioblastoma, which arises from the growth of non-neuronal (glial) cells. Using mouse models, the authors
analysed mutations found in people who have glioblastoma. They report that a mutant form of the protein
PIK3CA —the C420R variant — is associated with expression of genes in the cancer cell that can regulate

the synaptic connections between neurons. One such gene encodes the protein glypican 3 (GPC3), whichiis
secreted by cells and can boost synapse formation (synapses shown in pink). This leads to a rise in synaptic
activity, which was associated with tumour progression. Enhanced neuronal activity might explain why

seizures are associated with glioblastoma.

factors that are secreted by astrocytes.
These included members of the glypican
family (part of a group of sugar-containing
proteins called proteoglycans), which can
induce the formation of excitatory synapses
in the brain’.

The expression of one member of this
family, glypican 3, was particularly highly
upregulated in tumour cells that expressed
C420R. When the authors engineered glio-
blastomas expressing C420R to lack glypi-
can 3, this caused a decrease in seizures and
a longer lifespan compared with mice that
had C420R-expressing glioblastomas that
expressed glypican 3. By contrast, animals
withglioblastomas engineered to have higher
expressionof glypican 3had more seizures and
adecreased lifespan compared with animals
with glioblastomas that did not overexpress
glypican 3. This suggests that glypican 3 is
necessary and sufficient in the context of glio-
blastoma to regulate seizures by controlling
synapse formation in the neuronal tissue
around the tumour.

Yu and colleagues’ work supports grow-
ing evidence that tumour cells interact with
their neighbouring healthy cells to alter brain
function. Recent work has revealed that cells
of the glioblastoma itself can form a synapse
with surrounding neurons (in such synapses,
the tumour has postsynaptic structures and
the neuron forms presynaptic structures),
and that blocking this synaptic input to the
glioblastoma decreases tumour growth®°,
Yu et al. now reveal how a glioblastoma can
remodel connections betweenits neighbour-
ing neurons, and report that the underlying
mechanism differs depending on the specific
PIK3CA variant involved. It will be interest-
ing to determine in future studies whether
the same synapse-promoting signals are
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responsible for regulating the synapses that
formbetween a tumour andits neighbouring
neurons, and for regulating synapses that form
between neurons surrounding the tumour.
This is an intriguing matter, because glypi-
cans regulate neuronal synapse formation
through what are known as AMPA receptors,
and the synapses that form between neurons
and glioblastoma cells use AMPA receptors
for signalling®’.

Abnormally high expression of glypican
family members occurs in various types
of tumour, including liver and pancreatic
cancer™?, In those cases, glypicans are
thought to bind to and regulate the signal-
ling of growth factors that promote tumour
growth. Glypicans are clearly of interestintry-
ingtounderstand many disorders, and efforts
being made to block their function in other
cancers might suggest approaches worth
testing for use in glioblastoma treatments™?2,
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