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anterograde and retrograde directions, recognizing different structural signals on each
type of cargo. Binding seems to be required for
efficient transport of both types of cargo.
Small GTPase proteins act as molecular
switches for a wide variety of cellular functions.
One small GTPase, CDC42, was originally
documented to control cell division in budding
yeast, and has since been found to regulate cell
polarity6,7. The authors investigated the possibility that CDC42 regulates the selectivity of
COPI binding, because it is already known to
interact with COPI to modulate anterograde
cargo transport in the Golgi8. They found that
an activated mutant form of CDC42 accelerated anterograde transport in the Golgi, but
repressed retrograde transport. By contrast,
reducing levels of CDC42 activity inhi
bited anterograde, but enhanced retrograde,
transport.
Next, the authors analysed the role of
CDC42 in transport through the Golgi tubules
specifically. Using a ‘reconstitution system’
designed to generate COPI-coated tubules5,
Park et al. showed that the activated form of
CDC42 reduced the level of retrograde transport by preventing COPI from binding to
retrograde cargoes in tubules. However, the
mutant protein had no effect on anterograde
cargoes. The researchers demonstrated that
CDC42 imparts sorting specificity to Golgi
tubules in two ways: first, through two lysine
amino-acid residues in its carboxy-terminal
end that compete with retrograde, but not
anterograde, cargoes for binding to COPI;
and second, by promoting the formation of
tubules at the expense of COPI-coated vesicles,
thus reducing retrograde transport. Finally, an
analysis of small GTPases, including RhoA,
Rac1 and some Rab and Arf GTPases, revealed
no others that could affect the directionality
of intra-Golgi transport, demonstrating the
specificity of CDC42.
If, as these results indicate, CDC42 does
indeed modulate the sorting of anterograde
and retrograde cargoes in the Golgi tubules,
then this study takes an important step towards
providing a fuller understanding of the exact
mechanism that underpins intra-Golgi
transport. CDC42 regulates cellular polarity
through its intimate interaction with actin filaments, which help to maintain the structure
of the cell7. The role of CDC42 in the Golgi
tubules probably does not directly involve
actin, and so how the protein regulates directionality in this setting is a question for the
future. Other, as-yet-undefined factors must
be acting with CDC42.
Whether the tubules containing anterograde
cargoes do indeed connect Golgi cisternae
in anterograde transport also remains to be
definitively proved. The authors suggest that
SRC tyrosine kinase, an enzyme frequently
mutated in cancer, modulates CDC42, which
leads them to hypothesize that there might be
a relationship between intra-Golgi transport

and tumour development. But, ultimately, the
cue that switches on anterograde transport
remains elusive.
CDC42 is evolutionarily conserved, being
found in organisms from yeast to mammals.
Plants also have many Rho-family GTPases.
Whether these related proteins play similar parts to CDC42 in cargo binding, tubule
formation and directionality in the Golgi
would be of great interest to those working
on the organelle. Trafficking pathways are
thought to have undergone parallel evolution
— have these proteins remained fundamental
players? ■
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O C EA N SC I ENCE

The origins of a climate
oscillation
An index of water-circulation strength in the North Atlantic Ocean has been
derived from sea-level measurements. This provides fresh evidence of the
ocean’s leading role in multidecadal climate variability. See Letter p.508
S E R G E Y K . G U L E V & M O J I B L AT I F

T

he Earth has warmed considerably
during the twentieth and twenty-first
centuries, most probably because of
the effects of greenhouse gases emitted as a
result of human activities. But strong natural
variability on a wide range of timescales, from
monthly to multidecadal, is superimposed on
the long-term global-warming trend and also
causes considerable spatial variation of that
trend. We therefore need to understand this
variability to discriminate anthropogenic
effects from natural climate forcing. On page
508 of this issue, McCarthy et al.1 report a
method that enables the effects of ocean
circulation on one of the most prominent
examples of long-term climate variability —
the Atlantic Multidecadal Oscillation (AMO)
— to be identified from long-term sea-level
data.
Natural climate variability can be generated
internally by interactions within or between
climate-system components such as the atmosphere, ocean and sea ice, and externally by factors such as volcanic eruptions. The AMO is
an example of long-term climate variability
associated with the ocean2. It represents quasiperiodic oscillations of sea-surface temperature (SST) in the North Atlantic Ocean that
have a period of about 70 years. The AMO
has been described from instrumental SST
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records2 going back to the mid-nineteenth
century and reconstructed from proxy data3
for the past few centuries.
Climate models2,4 and analysis of surface
heat fluxes5 have suggested that the AMO is
an internal mode of climate variability originating from changes in the circulation of the
Atlantic Ocean, but its origin is still debated.
Signals seen in SST may derive from changes
in the ocean’s interior that drive circulation
changes6, or from the influence of factors outside the ocean7. Lack of data from the ocean’s
subsurface hinders attempts to quantify the
relative contributions of internal and external
processes to the AMO.
McCarthy and colleagues’ method for identifying how ocean circulation affects the AMO
is based on the hypothesis that ocean currents
on relatively large scales of space and time (several tens of kilometres and several weeks) are
broadly geostrophic — that is, the direction
and strength of the currents depends on the
balance between the Coriolis force associated
with Earth’s rotation and the horizontal pressure-gradient force in the ocean (Fig. 1). Their
approach builds on the proposal8 that the difference in dynamic height (the sea level caused
by variations in the ocean’s depth-integrated
density) between the centres of large, primarily wind-driven, ocean-circulation systems
called gyres in the subtropical and subpolar
North Atlantic provides a proxy for long-term
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Figure 1 | Circulation and pressures in the North Atlantic Ocean. The map depicts the mean dynamic
topography — the oceanic relief that corresponds to long-term, averaged ocean circulation — in the
North Atlantic for the years 1993 to 2013. Positive and negative values represent heights above and below
the level of the unperturbed ocean, respectively. The topography is a measure of ocean pressure: low
pressure occurs in the subpolar-gyre region (blue) and high pressure in the subtropical-gyre region (red).
Short black lines indicate local current velocity vectors and white arrows indicate the main ocean currents,
which follow maximum pressure gradients. McCarthy et al.1 report a method for identifying how ocean
circulation affects the Atlantic Multidecadal Oscillation — quasi-periodic oscillations of sea surface
temperature in the North Atlantic that have a period of about 70 years. Their approach assumes that the
difference in heights between the centres of the gyres provides a proxy for long-term changes in mass
transport in the North Atlantic. Figure adapted from CNES/CLS 2012 (produced by AVISO).

changes in mass transport by the Gulf Stream
and its extension, the North Atlantic Current.
The difference in heights is a measure of the
pressure gradient between the gyres’ centres
and has previously been estimated8 from offshore sea-level records in the subtropics at
Bermuda, and from long-term hydrographic
data at subpolar latitudes.
But the Bermuda sea-level data are noisy;
coastal tide gauges would provide morerobust signals1,8. By taking sea-level differences between coastal tide gauges to the south
and north of Cape Hatteras — the boundary
between the subtropical and subpolar gyres
— as an estimate of the pressure gradient
between the gyres, McCarthy and co-workers
derived a simple index of the North Atlantic
circulation strength (see Fig. 1 of the paper1)
that closely correlates with heat transport in
ocean models. Positive values of this index
reflect an enhanced pressure gradient compared with the long-term mean and imply
strong northward heat transport and increasing upper-ocean heat content in mid-latitude
and subpolar regions of the North Atlantic.
Negative values imply lowering of the pressure gradient, weakening of northward heat
transport and diminishing heat content
in the upper ocean. Although this index is

influenced by many other factors in the Gulf
Stream region, it seems to be an effective
proxy for the AMO.
McCarthy et al. also find that fluctuations
in the sea-level index (and therefore changes
in ocean circulation) precede anomalies in
upper-ocean heat content in the subpolar-gyre
region by approximately two years. This time
lag is important, because it potentially enables prediction of heat-content changes in the
subpolar-gyre region from sea-level data, and
thus prediction of AMO evolution and related
climate anomalies.
The authors also used a numerical model
of the ocean (an eddy-permitting ocean general circulation model, for those in the know),
forced by observed atmospheric conditions at
the surface, to investigate the interconnections
between dynamic sea-level gradients, circulation strength and upper-ocean heat content,
including time lags. Despite the limitations
of such models, especially in the Gulf Stream
region and at high latitudes, the simulations
largely support the results from the data
(Fig. 2 of ref. 1), which is reassuring.
McCarthy and colleagues’ study supports
previous conjectures6 that the ocean integrates
chaotic atmospheric variability primarily associated with a climatic phenomenon known as

the North Atlantic Oscillation9, and responds
by generating SST variability on multidecadal
time scales through dynamical ocean processes
and with a time lag of about a decade — specifically by causing changes in the large-scale
ocean circulation called the Atlantic Meridional Overturning Circulation (AMOC). The
findings therefore further reinforce the idea
that the AMO is an internal mode of climate
variability.
The work also has crucial implications for
our understanding of the ocean’s role in climate variability and change. First, if the AMO
originates from ocean dynamics, then attempts
to detect early signs of the effects of anthropogenic climate change in the North Atlantic will
be hampered. For example, the climate effects
of AMOC slowdown projected by many climate models in response to global warming
could be masked for decades by a positive
phase of the AMO. Second, the AMO has been
linked to climate anomalies in many regions of
the globe10,11. The study therefore suggests that
decadal predictions of climate over the North
Atlantic and adjacent continents are possible
if enough ocean data are available for forecast
initialization. This would be of enormous
societal benefit to many countries.
Further efforts are needed to conclusively
prove that the ocean steers the AMO. Relevant instrumental records (including sea
levels from tide gauges) are available only
for the past several decades, with the longest dating back to the 1920s and 1930s. But a
thorough assessment of the ocean’s role in the
multidecadal climate variability of the North
Atlantic sector will require proxy data dating
back for many centuries or even millennia.
Multi-year experiments to measure ocean
currents and cross-sections — using moored
measuring devices, satellite data, and buoys
that sample the upper ocean — have enabled
studies over the past two decades and have
captured long-term data. These programmes
must continue, given the long timescales
involved in the AMO. Climate models initialized with such data will provide more-reliable
predictions of future climate than are currently available.
The synthesis of models and data will potentially allow the prediction of multidecadal
variations. However, climate models still suffer from large biases, especially in the North
Atlantic. Improvements to climate models
are therefore also urgently needed. But it
remains to be seen whether atmosphere–
ocean interactions such as those described by
McCarthy et al. will remain the same under
anthropogenic climate change. ■
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CANCE R METAB O LISM

A waste of insulin
interference
Many people with cancer die from a wasting disorder called cancer-associated
cachexia. Two studies in fruit flies show that inhibition of insulin signalling
causes cachexia-like organ wasting.
E R W I N F. WA G N E R & M I C H E L E P E T R U Z Z E L L I

I

t is estimated that up to 30% of people with
advanced-stage cancer are killed not by the
tumour itself, but by a metabolic disorder
called cancer-associated cachexia (CAC)1,2,
which is characterized by systemic inflammation, weight loss, body-fat atrophy and skeletal-muscle wasting. Cachexia is also a feature
of several chronic conditions2,3, including
heart failure, lung disease and infectious diseases such as HIV. At present there is no cure
for CAC and no biomarkers are available for
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identifying patients at risk of developing the
disorder. Thus, there is a need to better understand the origins of cachexia, its systemic progression and the molecular pathways involved
in its development. Two papers4,5 in Developmental Cell now report that interference with
insulin signalling in the fruit fly Drosophila
melanogaster induces systemic organ wasting
reminiscent of human cachexia.
The cancer-causing protein Yap1 is part of
the Hippo signalling pathway, which induces
cell proliferation, in part by increasing signalling by insulin and by a related protein,
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Figure 1 | Systemic metabolic changes in cancer. Cancer-associated cachexia is defined by harmful
abnormalities that are brought about by factors secreted by the growing tumour, and by adaptive
responses in host tissues. Solid double-headed arrows indicate that the molecular mechanisms
underpinning the trait (which are thought to be bidirectional) have been defined, whereas dashed doubleheaded arrows indicate that causative factors remain unknown. Kwon et al.4 and Figueroa-Clarevega
and Bilder5 demonstrated that the protein ImpL2, which is secreted from hyperproliferating tissues and
tumours, impairs insulin signalling in fruit flies. This interference is the cause of atrophy in skeletal
muscle, fat and gonadal tissues (indicated by the blue arrows, which are unidirectional to reflect the fact
that bidirectional interactions have little time to become established in the fly studies.)
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insulin-like growth factor 1 (IGF1) (ref. 6).
Kwon et al.4 investigated the systemic changes
caused by intestinal activation of Yorkie, an
equivalent of Yap1, in fruit flies. The authors
report that activation of Yorkie in the gut
causes over-proliferation of intestinal cells,
and leads to the secretion of ImpL2, an insulin
growth factor binding protein (IGFBP) that
inhibits insulin and IGF1 signalling. Secretion of ImpL2 in the intestine caused systemic
wasting in muscles and distant organs, including the ovaries and the fat body (an organ
analogous to vertebrate fat and the liver). This
remarkable finding implies that over-proliferation in a given tissue can lead to distant metabolic changes and wasting symptoms, similar
to human cachexia.
Using a different fly model, FigueroaClarevega and Bilder 5 find evidence to
corroborate Kwon and colleagues’ study.
They transplanted tumours into adult flies,
and found that malignant, but not benign,
tumours caused wasting of fat, muscle and
gonadal tissue. Furthermore, the tumours
induced down-regulation of the insulin signalling pathway in peripheral organs, leading
to insulin resistance in these regions. Investigating the differences between benign and
malignant tumours, the authors found that
ImpL2 was one of the genes most upregulated
in malignant tumours. They demonstrated
that overexpression of ImpL2 in specific tissues in flies without tumours led to wasting
in distant locations. However, inhibition of
ImpL2 in flies with tumour transplants only
partially ameliorated wasting, suggesting that
other molecular interactions between the
tumour and the host remain to be discovered.
Notably, the systemic wasting traits
described in the two papers correlate with
other features that are associated with high
blood sugar. Furthermore, this wasting is
independent of changes in food intake or local
damage to organs at the site of tumour growth.
This, taken together with the other results,
indicates that factors secreted from tumours or
hyper-proliferating tissues in D. melanogaster
perturb systemic metabolism and induce wasting in distant organs.
Insulin resistance is common in patients
with cancer, and may contribute to skeletalmuscle wasting in mouse models of CAC7.
Previous studies7 of how tumour-derived factors affect the organism have primarily focused
on a group of cell-signalling molecules called
pro-inflammatory cytokines, which promote
systemic inflammation. Alterations in systemic

