that as-yet-unknown, dedicated stem-cell
populations might still await discovery.
Their identification could have major clinical
implications. m
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Regeneration
on call

MERITXELL HUCH

Unlike blood and muscle stem cells, which
reside in protected niches, epithelial tis-
sues that line or bud off from the body’s tubes
are often exposed to external or internal stress-
ors. An HSC-like branching hierarchy in which
a single progenitor sits atop a direct line of
descendants seems a very unsafe evolutionary
solution for this type of tissue — dependence
on a single ‘master’ cell would put the tissue
at risk of disintegration should that cell type
die. An alternative approach involving over-
lapping hierarchies with two or more entry
points seems a more secure means of solving
the problem. This idea suggests that facultative
stem cells, which can act as stem cells if needed,
but do not always do so, must exist.

The debate about whether the hierarchical
HSC-like model fits other systems'’ has been
influenced by the tendency of researchers to
consider normal organ maintenance (homeo-
stasis) as equivalent to regeneration and repair,
despite the highly divergent intrinsic cellular
responses involved in the two phenomena.
Repair often requires a higher level of prolif-
eration than does homeostasis — therefore,
bone fide stem cells that can mediate homeo-
stasis cannot always repopulate a damaged
tissue. This is where facultative stem cells
come in.

One example of this phenomenon can be
found in the intestinal epithelium, which is
highly proliferative both in homeostasis and
following injury. A population of dedicated
stem cells maintains this tissue under normal
conditions. These are known as crypt-base
columnar cells, and they self-renew and dif-
ferentiate into several cell types''. However,
if the tissue is injured or the stem-cell popu-
lation depleted, non-proliferative cells that
have begun to differentiate or have even fully
matured can revert to a stem-cell-like state
to help repopulate the tissue''. Thus, cellular
plasticity is key to gut maintenance in different
conditions.

Unlike the intestine, most tissues undergo
cellular turnover only slowly in everyday life,
and show an increased proliferative capacity

that enables them to repair some (but not
all) structures following injury. However, a
few tissues that typically have low turnover,
including the liver and lung, can completely
regenerate following injury. The cells that
enable this remarkable response have been
extensively investigated, and have provided
further examples of facultative stem cells.

The lung, like the intestine, has a population
of true ‘HSC-like’ stem cells that maintain the
airway by means of homeostasis. Following
injury, mature differentiated cells called club
cells can dedifferentiate and behave as faculta-
tive stem cells'>", By contrast, the existence of
any dedicated stem cell in the liver has yet to
be confirmed. During homeostasis, two liver-
cell types, hepatocytes and ductal cells, seem
to maintain their respective cell types through
proliferation. But following damage, at least
in zebrafish'* and mice", facultative stem cells
arise from differentiated cells called cholan-
giocytes. In mice, cholangiocytes revert to a
bi-potent stem-cell-like state that facilitates the
regeneration of both hepatocytes and ductal
cells® (Fig. 1b).

These three examples highlight ways in which
different organs have solved similar problems.
That brings to mind the natural-selection pres-
sures that lead different groups of animals to
achieve various solutions to common habitat
challenges — developing different strategies to
combat the extreme cold weather at the poles,
for instance. It is tempting to speculate that the
battle to maintain tissues in a demanding envi-
ronment that involves constant turnover and
exposure to damage has resulted in the exist-
ence of a range of back-up strategies through
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which facultative stem cells help to ensure tis-
sue integrity. A definition of stem cells that
encompasses the existence of the full range of
these plastic cell types is essential if we are to
truly understand the nature of regeneration. m
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A key piece in the
exoplanet puzzle

The detection of a low-mass exoplanet on a relatively wide orbit has implications
for models of planetary formation and evolution, and could open the door to a
new era of exoplanet characterization. SEE LETTER P.365

RODRIGO F. DiAZ

planets around a nearby star known as
Barnard’s star. On page 365, Ribas et al.!
report evidence for such a planet, based on
more than 20 years of data. Detailed informa-
tion about the planet could be revealed by the
next generation of astronomical instruments.
Planets around stars other than the Sun are
known as exoplanets. They are extremely faint
compared with their host stars, and their orbits
are typically too small to be resolved — even

l ‘1 or decades, astronomers have looked for

using the largest telescopes available today.
As aresult, the latest high-resolution imaging
techniques are limited to giant planets on wide
orbits around nearby stars™’.

Most of what is currently known about the
properties, formation and evolution of exo-
planets therefore comes from indirect methods
that measure variations in the light received
on Earth from host stars. One of the most
fruitful of these methods, used by Ribas and
colleagues, is the radial-velocity technique. It
involves measuring changes in the velocity of a
host star along the line-of-sight of an observer,
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Figure 1 | A planet around Barnard’s star. Ribas ef al.' report evidence that a low-mass planet orbits a
nearby star called Barnard’s star. Shown here is the orbital distance of the planet, compared with those
of the four inner planets of the Solar System. The distances are given in astronomical units (1 Au is the
average separation between Earth and the Sun). The discovered planet is on a relatively wide orbit. The

sizes of all the objects are approximately to scale.

and is sensitive to the mass of the exoplanet.
However, because the measurements depend
on an unknown value (the inclination of the
planet’s orbit), the technique provides only a
lower bound on the planet’s mass®.

Using the radial-velocity method to detect
planets on long-period orbits is difficult,
because the larger the orbital distance, the
smaller the planetary signal. The transit
method, which measures the drop in bright-
ness as a planet passes in front of its host star,
is also ineffective for planets on long-period
orbits. This limitation has restricted the detec-
tion and characterization of exoplanets mostly
to close-in companions, especially in the case
of low-mass planets, whose signals are small.

Ribas and colleagues’ announcement of a
planet around Barnard’s star with an orbital
period of 233 days and a mass of at least
3.2 times that of Earth pushes the limits of
the radial-velocity technique. Barnard’s star
belongs to a family of stars known as M dwarfs,
which are cooler and much less massive than
the Sun. M dwarfs are prime targets for plan-
etary searches, because they favour the detec-
tion of small companions.

The orbital distance of the reported planet
is similar to that of Mercury from the Sun
(Fig. 1). This places the planet close to the
snow line of Barnard’s star — the region out
from the star beyond which volatile elements
can condense. The snow line is a key region
of planetary systems. In particular, there are
indications that the building blocks of planets
are formed there’.

It is currently thought that these building
blocks grow by collecting material from their
surroundings to become planetary cores and
then fully fledged planets as they migrate
towards their host stars’. Until now, only giant
planets had been detected at such a distance

from their stars. The authors’ discovery of a
low-mass planet near the snow line places
strong constraints on formation models for
this type of planet.

Ribas et al. report that Barnard’s star seems
to be devoid of close-in companions. In par-
ticular, the authors put stringent constraints
on the presence of planets in the habitable zone
around the star — the region in which liquid
water could exist on the surface of a rocky
planet. However, they do provide an uncon-
firmed hint of a planet farther away from the
star than the detected planet.

What makes the authors’ discovery even
more remarkable is that Barnard’s star is only
1.8 parsecs (less than 6 light years) away from
the Sun’. This makes the planetary system
the closest single-star system to the Sun. The
Alpha Centauri triple-star system is the only
system that is closer, and also hosts at least one
low-mass planet’.

Barnard’s star has been monitored for more
than 20 years. Ribas and co-workers used
hundreds of radial-velocity observations that
were obtained with different instruments by
many different projects and researchers. These
measurements were crowned by an intense
observing campaign with the CARMENES
spectrograph’, which is located at the Calar
Alto Observatory in Spain.

In their analysis, the authors had to be par-
ticularly careful in accounting for stellar activ-
ity. For many years, exoplanet researchers have
been struggling with the effects of stellar activ-
ity — for example, rotating stellar spots and
active regions, and long-term activity cycles
similar to the 11-year cycle of the Sun. These
phenomena can easily mimic the effects of
planetary companions'’, especially in the case
of low-amplitude signals'""* such as the one
detected by Ribas and colleagues.
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The authors used a few different methods
to account for the effects of stellar activity,
and to check whether the planetary detection
depended on how such effects were corrected
for. One of these methods resulted in a drastic
reduction in the statistical significance of the
detection, and therefore casts doubt on the dis-
covery. However, this method is prone to false
negatives' and, using simulations, the authors
showed that their detection can be reproduced
by stellar activity in only 0.8% of cases.

Difficult detections such as this one warrant
confirmation by independent methods and
research groups. Amassing an independent
radial-velocity data set to confirm the exist-
ence of the planet seems unfeasible in the near
future, but the closeness of Barnard’s star to the
Sun means that confirmation should be possi-
ble through other means. For example, a signal
for the planet might be detectable in astromet-
ric data — precision measurements of stellar
positions — from the Gaia space observatory
that are expected to be released in the 2020s.
Such a signal would confirm the presence of
the planet, reveal the planet’s actual mass (as
opposed to a lower bound on the mass) and
provide complementary information on the
planet’s orbit.

Even more excitingly, the next generation of
ground-based instrumentation, also coming
into operation in the 2020s, should be able to
directly image the reported planet, and meas-
ure its light spectrum. Using this spectrum, the
characteristics of the planet’s atmosphere —
such as its winds and rotation rate — could
be inferred. This remarkable planet therefore
gives us a key piece in the puzzle of plan-
etary formation and evolution, and might be
among the first low-mass exoplanets whose
atmospheres are probed in detail. m
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