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Human embryonic
stem cells get organized

An embryo’s body plan is established by a structure called the organizer. Evidence
of this structure in humans has been lacking, but a stem-cell-based protocol has
now enabled researchers to demonstrate its existence. SEE LETTER P.132

OLIVIER POURQUIE

performed what became one of the most

famous experiments in developmen-
tal biology. They grafted various parts of
a pigmented salamander embryo onto an
unpigmented host embryo, and showed that
one grafted region induced unpigmented
cells from the host to form an extra embryo,
resulting in a ‘double embryo’ reminiscent of
conjoined twins' (Fig. 1a). The duo named
the grafted region the organizer, because of
its extraordinary ability to organize the host
cells around it. But in the almost 100 years
since this experiment, technical and ethical
difficulties have prevented researchers from
demonstrating the presence of an organizer in
human embryos. On page 132, Martyn et al.”
use stem cells to circumvent these challenges
and provide the first experimental description
of the human organizer.

To fully understand the importance of
the organizer, we must go back to the earli-
est stages of embryonic development. In
vertebrates, the fertilized egg rapidly divides
to form a ball of poorly organized cells. At
a particular developmental time point, some
cells on the surface of this ball become inter-
nalized, forming tissues called the endoderm
and the mesoderm, which respectively give
rise to the gut and to muscles and the skele-
ton. Other cells remain external and give
rise to the skin and the nervous system. This
fundamental process of internalization is
called gastrulation.

The organizer lies immediately adjacent
to the site at which cells become internalized
during gastrulation. It gives rise to specific tis-
sues lying along the midline of the embryo,
including the notochord — a structure that
controls aspects of development of the central
nervous system and eventually contributes to
the intervertebral discs. An equivalent of the
salamander organizer has been found in fish

I n 1924, Hilde Mangold and Hans Spemann

and birds and in mammals such as rodents. In
mammals, the structure that acts as an organ-
izer is called the node because it resembles a
knot, and the site of internalization is called
the primitive streak.

Unlike salamander embryos, mammals
develop in the mother’s womb. Access-
ing and culturing mammalian embryos is
therefore difficult. Indeed, it wasn’t until
1994 that grafts of a mouse node into a host
embryo provided experimental proof of the
existence of a structure that has organizer
properties in mammals®. Although no per-
fect second embryos were formed in these
experiments, the grafted nodes did induce
the formation of host-derived neural tissues
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and sometimes other embryonic tissues.

Human embryos greatly resemble mouse
embryos and contain a structure that looks sim-
ilar to the mouse node”. Theoretically, showing
that this structure does indeed have the role
of an organizer would require researchers to
access embryos at three weeks of age (when gas-
trulation occurs), to graft the node onto a host
embryo, and to test whether it induces the for-
mation of a host-derived nervous system and
skeletal structures. However, obtaining intact
human embryos at this stage, for example from
a pregnancy termination, is extremely prob-
lematic. Thus, whether the node represents a
functional organizer in human embryos has
remained unproven.

One alternative would be to let embryos
obtained from in vitro fertilization (IVF)
develop in culture until the three-week stage,
when the node should be present. However,
following an ethical consensus that is
enshrined in law in many countries, human
embryos cannot be cultured in vitro beyond
14 days, making these studies currently
impossible.

A second alternative involves the use of
pluripotent stem cells, which can give rise to
all the body’s cell lineages. Protocols to direct
in vitro differentiation of these cells make
it possible to recapitulate several aspects of
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Figure 1 | Experimental demonstration of organizer structures. a, In 1924, an experiment' revealed
the properties of an embryonic structure called the organizer. When taken from a pigmented salamander
embryo and grafted onto an unpigmented host, the organizer induced the formation of a second embryo
derived from unpigmented host cells. b, Martyn et al.” have demonstrated the existence of human cells
endowed with similar properties, using human embryonic stem (ES) cells. The authors treated circular
discs of ES cells with the growth-factor proteins Wnt and Activin to produce organizer-like cells (blue).
When the discs are grafted onto the extra-embryonic tissue around a chick embryo, they induce the host
tissue to form an elongated stretch of neural tissue — the standard test for organizer properties.
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embryonic development in a culture dish.

Pluripotent cells derived from human
embryos, called embryonic stem (ES) cells,
generally form poorly organized colonies
when grown in culture. However, the group
that performed the current study previously
induced” ES cells to self-organize in a way
that resembles early embryonic development.
They achieved this by culturing the cells on
circular micropatterns (microprinted discs of
a material called extracellular matrix that is
an optimal substrate for the cells) in the pres-
ence of the growth factor protein BMP4. The
cultures formed endoderm and mesoderm but
did not produce primitive streaks or node-like
structures.

Martyn et al. took this strategy a step further.
They successfully differentiated human ES
cells into a node-like tissue by treating their
micropatterned cultures with a combination of
the growth factors Wnt and Activin, which are
crucial for primitive streak and node formation
in mice and other vertebrates®’. This treatment
led to the formation of a structure that showed
characteristics of a primitive streak and to the
induction of cells that produced organizer-
specific proteins, such as Goosecoid®.

To test whether this structure also has the
functional characteristics of an organizer,
the authors grafted its cells onto chicken
embryos, in an area destined to give rise to
extra-embryonic tissues that support embry-
onic development. Remarkably, the grafted
cells organized into a notochord-like tissue and
induced host cells to form elongated neural
tissue (Fig. 1b), demonstrating that the grafted
structure has the properties of an organizer.

One could argue that these experiments still
raise ethical concerns because they are per-
formed using human ES cells derived from an
early-stage human embryo. However, pluripo-
tent cells generated by reprogramming adult
cells, which have essentially identical proper-
ties to ES cells, could be used as an alternative,
alleviating this concern in future studies.

Martyn and colleagues’ experimental
system provides an alternative to using
embryos to study the human embryonic node.
Moreover, their experiments suggest that
there is striking evolutionary conservation of
organizer function from fish to humans. How
the organizer organizes the surrounding
embryonic tissues into an embryo remains
poorly understood, for now at least. But the
ability to produce organizer tissue in unlimited
amounts in vitro will allow researchers to
dissect organizer function at an unprecedented
level. m
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Tropical cyclones are
becoming sluggish

The speed at which tropical cyclones travel has slowed globally in the past seven
decades, especially over some coastlines. This effect can compound flooding by
increasing regional total rainfall from storms. SEE LETTER P104

CHRISTINA M. PATRICOLA

r I Vropical cyclones are among the deadliest
and costliest of disasters (go.nature.
com/2h59avp), causing destruction not

only from strong winds, but also from flooding

and mudslides associated with storm surges
and heavy rainfall. The total amount of storm
rainfall over a given region can be extreme,
regardless of the maximum storm wind
speeds; it is proportional to the rainfall rate
and inversely proportional to the translation
speed' (how quickly a tropical cyclone passes
over aregion). Some studies have investigated
trends in heavy rainfall from tropical cyclones
over the past century” and future projections in
tropical-cyclone rainfall rates’, but the transla-

tion speed has received less focus. On page 104,

Kossin® investigates global trends in tropical-

cyclone translation speed, and regional trends

over individual ocean basins and adjacent
land. He finds that translation speeds have
slowed, suggest-

ing that the total «ppe study finds

amount of regional a10% global

rainfall from tropical decreasein the

cyclones might have .

) speed at which
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move.

68 years of obser-
vations made from
1949 to 2016, the longest period for which
global data on the locations of tropical cyclones
were available. The uncertainty associated
with observed trends in translation speed is
minimal during this period, because the loca-
tions of the tropical cyclones are accurately
known. By contrast, it is more difficult to
detect trends in the number and intensity of
tropical cyclones during this period, because
some of these cyclones were not detected in
the pre-satellite era’ (before the 1960s). Kossin
finds a 10% global decrease in tropical-cyclone
translation speed over this period, a trend that

withstands rigorous statistical testing and is
dominated by tropical cyclones over the ocean.

The author found that changes in the trans-
lation speed of tropical cyclones over land —
which are more relevant to society than those
over the ocean — vary substantially by region.
This is unsurprising, because only 10% of
the original data are for such cyclones, and
categorizing by region reduces the data sample
further, making it more difficult to detect a
signal among the noise. Nonetheless, statisti-
cally significant slowdowns of 20-30% have
occurred over land regions next to the western
North Pacific Ocean, the North Atlantic Ocean
and around Australia.

Kossin's work highlights the importance of
considering how global-scale atmospheric cir-
culation can influence regional totals of tropi-
cal-cyclone rainfall. Tropical cyclones tend to
‘go with the flow), meaning that the direction
and speed at which they travel are guided by
the winds in the surrounding environment.
Therefore, any change in tropical circulation
could conceivably affect tropical-cyclone
translation speed, as Kossin reasons.

One limitation of this study is that it leaves
open the question of what is happening to the
rate of tropical-cyclone rainfall. The laws of
thermodynamics reveal that, as the atmos-
phere warms by 1°C, the amount of moisture
it can hold increases by 7%. This suggests that
global warming can enhance rainfall. How-
ever, it is unclear whether there are statistically
robust trends in the total amount of regional
tropical-cyclone rainfall, or how much the
translation-speed slowdowns reported by
Kossin could contribute to them. The avail-
ability and quality of data pose a challenge to
our understanding of rainfall in general — the
spatial distribution of rain gauges and radar
observations of rainfall vary regionally, and
satellite observations are limited to the past few
decades and must be analysed using various
assumptions to extract rainfall data. However,
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