
stem cells have appropriated this type of 
physical protection in fish.

It remains to be seen whether HSPCs 
home to locations protected by melanocytes, 
or whether melanocytes can be recruited or 
stimulated to proliferate by signals from blood 
stem-cell niches. Another question is why 
HSPCs seek out a different niche in terrestrial 
vertebrates. HSPCs regularly leave their niches 
and circulate in the blood, whereas other 
adult stem cells, although capable of move-
ment, tend to be more static. Indeed, Kapp 
et al. highlighted this mobility in adult Rana 
frogs, in which the location of HSPCs switches 
depending on the season — perhaps driven by 
changing exposure to UV. This mobility could 
give HSPCs an increased capacity to seek out 
alternative sites that can better protect them 
from damage. Bone would completely encap-
sulate the stem cells, providing a shield from 
all angles. There might also be other benefits 
to a niche in the bone marrow, such as lower 
oxygen levels, which could provide protection 
from other forms of DNA damage.

Fish have evolved the ability to mitigate 
UV-induced DNA damage through light-
dependent DNA repair10. The fact that, despite 
this ability, HSPCs seem to be under evolution-
ary pressure to seek additional protection high-
lights the importance of maintaining the fidelity 
of tissue stem cells. Physical protection might be 
of particular value in the haemato poietic sys-
tem, because blood cells have a high turnover 
rate. If HSPCs are unable to re-establish blood-
cell populations, the organism would be likely 
to die from anaemia or infection. 

Finally, it might be predicted that other 
tissue-specific stem cells that have less migra-
tory potential than HSPCs would be more 
prone to damage, because they would be less 
able to move to protective niches. By gaining 
insight into the evolutionary steps taken to 
protect haematopoietic stem cells, we might be 
able to develop strategies to protect these cell 
types, refining their current niches to better 
maintain stem-cell potential in longer-lived 
organisms, including humans. ■
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A S T R O N O M Y

Missing matter found 
in the cosmic web
The location of nearly half of the ordinary matter in the Universe is unknown. 
X-ray observations suggest that this elusive ‘baryonic’ matter is hidden in the 
filamentary structure of the cosmic web. See Letter p.406

T A O T A O  F A N G

We live in a dark Universe: just 5% of 
it consists of ordinary matter such 
as that found in atoms, whereas 

the rest is ‘dark’ matter and energy that can-
not currently be detected directly1. However, 
observations of the nearby Universe suggest 
that up to 40% of this ordinary matter — which 
is made up primarily of particles known as 
baryons — is missing2–5. Baryonic matter is 
thought to be distributed through the Universe 
like a cosmic web, and the missing baryons 
are predicted to be located in the filamentary 
structures that connect the web, and in inter-
galactic space4. On page 406, Nicastro et al.6 
report the detection of the X-ray absorption 
signatures of baryons in the spectra of a bright 
background object. The findings might finally 
reveal a major reservoir for baryonic matter.

Why have the missing baryons been so 
difficult to detect? One reason is that the 
density of the baryonic matter in the filaments 
is extremely low. The other reason is that the 
high temperature in the filaments causes 
the most abundant element (hydrogen) to be 
almost completely ionized — which means 
that it has no electrons to produce spectral fea-
tures that could be used to detect it. However, 
there might be trace amounts of heavier ele-
ments such as oxygen, in which a few electrons 
are bound. These ions can produce detect-
able (but extremely weak) spectral features, 

typically in the X-ray and/or ultraviolet regions 
of the electromagnetic spectrum.

Nicastro et al. observed the X-rays emitted 
by a special type of astronomical object known 
as a BL Lacertae (BL Lac) object. These are 
typically extremely bright, and have no (or 
very few) intrinsic spectral features — which 
makes it easy to detect any absorption of their 
emissions by other objects between them and 
Earth, such as filaments in the cosmic web.

The BL Lac object studied by the authors 
is called 1ES 1553+113, and is more than 
2,200  megaparsecs away. Nicastro and 
colleagues observed this target with the Euro-
pean Space Agency’s XMM-Newton X-ray 
Space Telescope over several periods, for a total 
observation time of about 1.75 million seconds 
(about 20 days). They thus obtained a spec-
trum with an extremely high signal-to-noise 
ratio, which allowed them to perform high-
resolution spectroscopy of very weak spectral 
features (Fig. 1).

The authors discovered two highly statisti-
cally significant systems of absorption lines 
produced by helium-like oxygen (oxygen 
ions that have only two bound electrons) at 
redshifts of 0.43 and 0.36. Redshift measures 
the change in wavelength that occurs when 
light travels over astronomical distances, 
and is approximately proportional to the dis-
tance of the light-emitting object from Earth. 
The researchers also performed an optical 
survey of galaxies along the sight line towards 

1ES 1553+113

Telescope Filament

X-ray spectrum

Figure 1 | The search for baryonic matter. Nicastro et al.6 used the XMM-Newton X-ray Space Telescope 
to detect the emission spectrum of a bright astronomical object called 1ES 1553+113. They observed lines 
superimposed on the spectrum, which they attribute to X-ray absorption by helium-like oxygen (oxygen 
ions that have just two bound electrons, not shown) in two filaments of the cosmic web located between the 
telescope and the emitter. The cosmic web is a massive structure composed of ordinary (baryonic) matter, 
such as that found in all atoms. If the authors’ attribution is correct, then the finding reveals the location of 
a major reservoir of baryonic matter. Distances and sizes of objects not shown to scale.
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1ES 1553+113, and observed a high density 
of galaxies at the two redshifts associated with 
the absorption signals. Such densities are 
characteristic of the filamentary structures 
of the cosmic web. By combining the X-ray 
data with measurements of the ultraviolet 
emissions from 1ES 1553+113, Nicastro et al. 
estimated the density of the baryons associ-
ated with the X-ray absorbing features, and 
found that they account for 9–40% of the 
cosmic baryon density — suggesting that 
these features are a substantial reservoir of 
the missing baryons.

Weak X-ray absorption lines produced 
by baryons have been reported a few times 
before7–8, but most of the results were mar-
ginal, and in some cases debatable. What is 
remarkable about the current work is that it 
represents the first time both of the expected 
absorption lines for helium-like oxygen have 
been detected together (for the absorption 
system at redshift 0.43, although the statisti-
cal significance of one of the lines is marginal). 
The observation of two absorption lines from 
the same ion species is typically a good indi-
cation that the target ion species has been 
detected.

One concern is whether the observed X-ray-
absorbing systems are truly located between 
Earth and 1ES 1553+113. The exact redshift of 
the BL Lac object is unknown; the best avail-
able estimate6 suggests that it is at least 0.41. 
This value is less than the redshift of one of 
the X-ray absorbers, which implies that this 
absorber is either part of the BL Lac object, or 
a misidentification of something else. Nicastro 
et al. argue that both scenarios are unlikely, but 
an accurate measurement of the redshift of 
1ES 1553+113 is needed to resolve this issue.

It is also possible that the X-ray-absorbing 
systems are in galaxies, rather than in filamen-
tary structures of the cosmic web — similar 
absorption systems have previously been 
detected in the Milky Way4. Nicastro and co-
workers argue that this explanation is unlikely, 
partly because they did not find large galaxies 
similar to the Milky Way at the redshifts asso-
ciated with the absorptions, but also because 
they did not detect any additional absorption 
lines from cold ions, which are typically found 
in galactic disks. These arguments are reason-
able, but better observations are needed to rule 
out this scenario.  

This type of observation, requiring more 
than a million seconds of exposure time, 
truly pushes the limits of the available instru-
ments. Proposed space missions such as the 
Hot Universe Baryon Surveyor (go.nature.
com/2luj4fa) and the Advanced Telescope for 
High-Energy Astrophysics (http://sci.esa.int/
athena/) will have much more sensitive X-ray 
spectrometers, and might eventually provide 
a complete map of the missing baryons in the 
cosmic web.

An alternative approach for detecting the 
missing baryons is to use a phenomenon 
known as the Sunyaev–Zel’dovich effect, 

in which high-energy electrons scatter off 
photons in the cosmic microwave background 
(CMB; electromagnetic radiation left over as 
a remnant of the Big Bang), thereby slightly 
distorting the CMB spectrum. High-energy 
electrons outside galaxies, and probably also 
in the filaments of the cosmic web, could 
produce such a distortion9, yielding a signal 
that indicates the presence of baryons. In the 
meantime, Nicastro and colleagues’ findings 
offer a tantalizing glimpse of where the elusive 
missing baryons have been hiding. ■
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L I Z Z A  E .  H E N D R I K S  &  B E N J A M I N  B E S S E 

Chemotherapy became the standard 
treatment for lung cancer in the twenti-
eth century1. But in the past 15 years, 

there has been a drive to improve outcomes 
for people with this still-deadly disease, either 
through therapies that target enzymes encoded 
by genes harbouring cancer-driving muta-
tions, or through immunotherapies, which 
activate the body’s immune system to target 
tumours. Writing in The New England Journal 
of Medicine, two groups2,3 provide evidence 
that supports the use of immunotherapies to 
treat non-small-cell lung cancer (NSCLC) at 
different stages of the disease.

Tumour cells evade destruction by activating 
signals known as immune checkpoints, 
which deactivate immune cells called T cells4. 
Two immune checkpoints are the proteins 
cytotoxic T lymphocyte antigen 4 (CTLA-4) 
and programmed cell death 1 (PD-1), which 
are expressed by T cells themselves. Another, 
programmed cell death ligand 1 (PD-L1), is 
produced by tumour cells (Fig. 1). 

Antibodies that interact with these proteins 
to prevent their normal activity, and so 
reawaken the immune system, are now used 
to treat metastatic NSCLC — the stage at 
which the cancer has spread. Anti bodies that 
bind PD-1 or PD-L1 are sometimes successful 
in patients who have had treatments such 
as chemotherapy, but whose cancer has 
none theless progressed5. Alternatively, the 
anti-PD-1 antibody pembrolizumab can be 
used as a first-line treatment for metastatic 

NSCLC when the percentage of tumour cells 
that express PD-L1 is high — these patients 
respond better to immunotherapy than to 
chemotherapy6.

If such immune-checkpoint-targeted 
antibodies (ICTs) can improve outcomes for 
metastatic NSCLC, could they also help to 
tackle early-stage disease? In the first of the 
current papers, Forde et al.2 carried out a pilot 
study to investigate whether the anti-PD-1 ICT 
nivolumab could be used to shrink tumours 
before surgery, which is a standard treatment 
for most cases of early-stage NSCLC. 

The authors treated 21 patients with 2 doses 
of nivolumab 2 weeks apart, starting 4 weeks 
before the planned surgery date. They showed 
that surgery did not need to be delayed (for 
example, because of an adverse event with 
nivolumab) for any patient. The researchers 
anticipated that four weeks would not be 
enough time for the reactivated immune sys-
tem to significantly shrink the tumour. 
Indeed, imaging revealed significant shrink-
age in tumours in only two patients before 
surgery. However, examination of the surgi-
cally removed tumours revealed that 45% had 
undergone a major response to the ICT — less 
than 10% of the tumour cells remained alive. 
ICTs, unlike chemotherapy, cause inflamma-
tion and scar-tissue formation in tumours, 
and can therefore sometimes cause tumour 
growth. However, the researchers found that 
even two tumours that showed such growth 
had undergone a strong pathological response.

This level of efficacy is impressive, 
but needs to be further investigated by 

C L I N I C A L  O N C O L O G Y

Windows open for 
cancer immunotherapy
Activating immune cells to destroy tumours is an effective strategy for treating an 
advanced lung cancer — but only for some people. Evidence that this approach 
has potential in early disease and as a combination therapy has now emerged.
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