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Probing the core’s light elements
A fine marriage between seismic data and laboratory experiments carried out at the extreme conditions of Earth’s deep
interior indicates that the planet’s liquid outer core is poor in oxygen. See Letter p.513
Thomas S. Duffy
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of the early Earth6. For example, an oxygen- feature is that the abundance of light elements velocities substantially higher than those of
dominated core would imply that oxidizing in the inner core seems to be only about half the liquid outer core. For compositions within
conditions were present during much of core of that in the outer8. All of these observable the iron–sulphur–oxygen system, those with
formation, whereas a silicon-dominated one aspects provide important conditions that more than about 2.5 wt% oxygen are not able
would require mostly reducing conditions. the successful light-element candidates must to simultaneously match both the density
Hence, unmasking the identity and abundance satisfy. However, directly probing potential and sound-velocity profiles of the core. By
of the core’s main light elements will also be a core materials against these geophysical cri- contrast, they showed that sulphur-rich commajor step forward in understanding Earth’s teria is challenging because of the extreme positions can indeed match both density and
geochemical evolution.
conditions that exist in the core — pressures sound velocity. Does this mean that sulphur
Seismic data7 provide robust constraints on of 135–364 gigapascals and temperatures of is the dominant light element? Not necessardensity and sound velocities throughout the about 4,000–6,500 kelvin.
ily. Models of Earth’s accretion have generally
core. These data reveal that the core is divided
Shock-compression experiments, which concluded that the amount of sulphur in the
into a large, liquid outer core with a radius subject samples to high-velocity impactors, core must be small11. Therefore, it is essential to
of about 3,500 kilometres, within which is provide one of the best routes to simulating perform similar experiments on a wider range
embedded a smaller, solid inner core with a core conditions in the laboratory. These are of components. As noted previously, carbon
radius of about 1,200 km (Fig. 1). The differ- dynamic experiments that generate very high and silicon are both plausible candidates on
ences in seismic velocity and density between pressures for microsecond durations. One geochemical grounds, and so experiments on
the liquid outer and solid inner cores are also advantage of shock-wave experiments is that these materials are needed.
known, as is the existence of weak seismic high temperatures are necessarily generated
Further efforts to nail down core composianisotropy in the inner core. One interesting along with high pressure. For samples with tion would require examining how potential

E

4 8 0 | N A T U R E | V O L 4 7 9 | 2 4 N ove m b er 2 0 1 1

NEWS & VIEWS Research
light elements partition between the core’s
solid and liquid portions at its temperature
and pressure conditions. This is necessary to
explain the compositional differences between
the solid and liquid parts of the core. A theoretical study12 addressing this question suggests
that oxygen — not sulphur — may have the
right partitioning behaviour, in conflict with
Huang and colleagues’ experimental results3.
The extreme conditions of the core make a
laboratory test of this partitioning behaviour
highly challenging, but experimental capabilities are making rapid advances on several
fronts in high-pressure–temperature science.
The past few decades have seen remarkable

progress in uncovering the state and structure
of many features of the deep Earth, with the
light elements of the core remaining a stubborn puzzle. The work reported here suggests
that a solution to the problem may finally be
at hand. ■
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Final act of senescence
Damaged cells can initiate cancer. To avert this, faulty cells disable their own
propagation by undergoing senescence. But for full cancer protection the
senescent cells must be cleared by the immune system. See Letter p.547
M a n u e l Serr a n o
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ellular damage is unavoidable and
intrinsic to life, and it is often aggravated by pathogens or exposure to
toxic agents. In long-lived multicellular organisms, however, damaged cells pose a problem
not because of their loss of functionality, but
mainly because their proliferation can escalate
from a minor local problem into a deadly cancer. Fortunately, cells can detect their own level
of damage and eventually dismiss themselves
in a final act of altruism for the benefit of the
organism. Self-dismissal comes in two forms,
apoptosis (self-destruction) and senescence
(self-disabling), with the latter being at least as
prominent as the former in providing protection against cancer1,2. On page 547 of this issue,
Kang et al.3 explore how the immune system
targets senescent cells to limit the development
of liver cancer.
The fate of senescent cells within tissues has
long been uncertain. Some show extremely
long residency times in vivo. For instance,
moles formed by senescent melanocyte cells
can reside in human skin for decades4. Until
recently, therefore, the possibility that senescent cells could be selectively targeted for
elimination was generally overlooked. This
changed with the discovery that such cells are
active. They secrete signalling molecules that
contribute to the establishment of senescence5,6
and promote tissue repair by inducing local cell
proliferation and immune-cell infiltration7.
Rapid clearance of senescent cells was
first observed in mouse liver cancers. In this
work8, reactivation of a silent p53 gene (a
major inducer of senescence) made cancer

cells ‘aware’ of their own damage, triggering a
strong senescence response. The cancer then
became a senescent mass and was swiftly and
selectively eliminated by immune cells — a
fate delivered mainly by the innate arm of the
immune system (macrophages, neutrophils
and natural killer cells) (Fig. 1).
Subsequent work9 reached similar conclusions. Disabling the driving oncogenes in
mouse T-cell and B-cell cancers resulted in
tumour regression that was associated with
apoptosis and senescence. In these cancer
models, the immune system was necessary
for the induction of senescence — but not
apoptosis — and for complete and long-term
tumour remission. The essential immune cells
were CD4+ T cells, which are part of the adaptive immune system and can recognize cancer
cells9. In the absence of CD4+ T cells, senescence was not induced and tumour remission
was incomplete, being rapidly followed by
tumour relapse.
These studies8,9 offered insight into how cancers respond to therapies. But understanding
the role of the immune system in preventing
the emergence of cancer is equally important.
Kang et al.3 set out to do just that. The authors
introduced the NrasG12V oncogene into some
15% of liver cells in mice. Six days later, these
‘transduced’ — but otherwise normal — cells
naturally became senescent and were progressively cleared during the following weeks,
becoming undetectable after 2 months.
In a veritable tour de force, Kang and colleagues demonstrate that clearance depended
on CD4+ T cells — which showed specificity towards the Nras G12V mutation — and
that it required senescence. Mouse liver cells

transduced with a non-oncogenic Nras gene
(NrasG12V/D38A) did not undergo senescence or
clearance 2 months later. Moreover, transduction of NrasG12V into mice lacking the crucial
senescence mediator Arf did not trigger a specific immune response against the NrasG12V
mutation. These observations imply that the
T-cell-mediated immune response to oncogenic mutations requires senescence. Although
CD4+ T cells were necessary for clearance of
senescent cells, they instigated the recruitment
of macrophages, which directly executed the
clearance.
What is most exciting about this work is
that the clearance of senescent cells leads
to protection against cancer. In fact, when
NrasG12V-expressing senescent cells were not
cleared (for example, in mice lacking CD4+ T
cells), numerous tumours appeared, whereas
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Figure 1 | Clearance of senescent cells. When
damaged, cells may undergo senescence to disable
their own proliferation and may even trigger their
own clearance. In the case of cancer, treatments
that lead to senescence and clearance cause
tumour regression8,9. Kang et al.3 find that mouse
liver cells that carry the hyperactive NrasG12V
oncogene, but are otherwise normal, also trigger
senescence and clearance by the immune system,
and that these processes are essential for complete
protection from cancer.
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