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of the body. The oxidant load in cells is nor-
mally controlled, but if it becomes too high,
theresulting damageto cellular components
leads to oxidative stress and produces an over-
allinflammatory response.

Chemical assays have therefore been devel-
oped to analyse either the oxidants on parti-
clesorthe aerosol components that generate
oxidants in vivo, thereby allowing the oxida-
tive potential (OP) — the capacity of particles
to induce oxidative stress — to be measured.
An ideal OP assay would comprehensively
account for all the compounds that produce
oxidative stress® and their possible inter-
actions with each other. Current assays argu-
ably do not do this because they are sensitive
to afew specific compounds.

To address this problem, Daellenbach
et al. used three assays: one that quantifies
the amount of oxidants on particles and two
that assess the possible in vivo response. The
authors loosely refer to all three as measures
ofaerosol OP, but agreement on more-precise
terminology is needed in this field to clarify
the source of oxidants (whether they were
delivered by aerosols or formed in cells from
aerosol components), and to aid consistency
inthe reporting of future results.

The authors collected about 90 samples of
PM,, — particulate matter with a diameter
of 10 micrometres or less — at each of 9 sites
inSwitzerland and Liechtenstein, and assessed
the OP of the samples using the three assays.
The authors then developed an air-quality
model that predicted OP throughout Europe
by extrapolating the datafrom the nine meas-
urement sites, assuming that these locations
were representative of all of Europe. They
finally combined the model data with popu-
lation-density data to calculate and compare
human exposure to aerosol mass and OP. No
comparisons were made to actual health data.

Daellenbach and co-workers found that
OP was closely linked to human activities.
The mainsources of OP included organic aer-
osols produced indirectly from combustion,
forexample by residential wood burning, and
metals from vehicle non-exhaust-pipe emis-
sions (such as those produced by the use of
brakes). This link tohumanactivities resulted
in the formation of OP hotspots at certain
places with high population densities (Fig.1).

By contrast, the overall mass distribution of
PM,, was found to be more spatially uniform,
because it was dominated by wind-blown
mineral dust, organic aerosols derived indi-
rectly fromvegetation emissions, and sources
of inorganic species, such as sulfate, nitrate
and ammoniumsalts. An earlier study® of aer-
osol-mass concentrationalso found that these
salts contributed widely to aerosol mass and
linked them to agricultural emissions (ammo-
nium nitrate, for example, is a widely used
fertilizer), thus suggesting that agricultural
emissions should be a focus of efforts aimed
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atlowering premature mortality fromaerosols
over Europe. However, Daellenbach and col-
leagues show that these inorganic salts have
low OP, and therefore are less concerning for
human health. Clearly, any policy for protect-
ing people from aerosols will be very different
depending on which particle property —mass
concentration or OP —is used to develop it.

It should be noted that evidence support-
ing the use of OP assays asindicators of health
risks is mixed. The results of some toxicology
tests of aerosol components do indeed cor-
relate with OP determined by specific assays,
and Daellenbach and colleagues show that
thisis the case for one of their assays. Several
epidemiological studies have also shown that
OP determined by some assays is more closely
linked to specific adverse respiratory and
cardiovascular effects than is aerosol mass,
but other studies do not™.

Moreover, itis difficult to compare studies
that examine the effects of aerosol-mass con-
centration on human health with those that
look at the effects of OP, because large data
sets are needed for robust comparisons, and
these are available only for mass-concentra-
tionstudies. Instead, human exposure to OPis
often predicted using computational models
derived from a limited set of measurements,
increasing the uncertainty of the results™"
This is also an unavoidable limitation of
Daellenbach and colleagues’ study.

Periodic reviews of the scientific bases for
aerosol health effects by the World Health
Organization' and the US Environmen-
tal Protection Agency? have so far found
little evidence for replacing aerosol-mass
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concentration with metrics that focus more
onthe composition or source of the aerosols.
Butaerosol datafounded on plausible biolog-
ical mechanisms should be a better guide for
future research addressing aerosol links to
adverse health. Furthermore, as regulations
and emissions driven by climate change alter
the ambient aerosol composition in many
regions, the usefulness of a mass-concen-
tration metric might diminish. It is therefore
prudent to explore other aerosol metrics, as
Daellenbach et al. have done. Greater eval-
uation is now needed to help connect these
metrics to human health data, to assess
their utility.
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Universal assembly
instructions for placentas

Jennifer L. Watts & Amy Ralston

Our understanding of how mammalian embryos develop
is based largely on mice. A study now reveals striking
similarities and intriguing differences between mouse,

cow and human embryos. See p.443

The placenta is a defining feature of being
amammal, and its formation is one of the
first steps in mammalian development. The
embryo begins to make its placenta without
direct guidance from its mother — rather,
it follows a set of molecularly encoded,
do-it-yourself assembly instructions. Whether
these instructions are universal or unique to
each species of mammal s a long-standing
mystery. Gerri et al.* report on page 443 a
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remarkable similarity inhow mouse, cow and
human embryos make their placentas.
Historically, the mouse embryo has served
as the model for elucidating the molecular
mechanisms that guide cell-fate outcomes
(decisions) during mammalian development.
Now-classic studies established that the ball-
shaped mouse embryo develops an external
‘rind’ of cells fated to become placenta about
three days after fertilization. These cells,



called the trophectoderm, encircle a group
ofinner cellsthat are considered pluripotent —
they possess the capacity to produce all cell
types of the body (reviewed inref. 2).

In mouse embryos, this first cellular dif-
ferentiation involves the polarization of tro-
phectoderm cells along one axis, known as
the apical-basal axis. Cell-polarity proteins
accumulate on the apical side of trophecto-
derm cells, repressing signalling through the
HIPPO pathway?*. By contrast, HIPPO signal-
ling is active in the pluripotent cells, because
theyare unpolarized. Inthe pluripotent cells,
HIPPO signalling prevents the transcription
factor YAP1 from moving to the nucleus’. In
trophectoderm cells, nuclear YAP1 promotes
the expression of the trophectoderm genes
Cdx2 and Gata3, and represses the pluri-
potency gene Sox2 (refs 5-7). These discover-
iesin mouse embryos were an essential step
towards understanding how embryos of other
species create distinct cell types.

Early mouse, cow and human embryos are
structurally quite similar, raising the possibil-
ity that molecular mechanisms guiding the
first cell-fate decision in development are
evolutionarily conserved across mammalian
species. But, curiously, the CDX2 protein,
which is thought to be a master regulator
of trophectoderm in mouse, does not seem
to be present in cow or human embryos at
the time of trophectoderm formation®?,
suggesting that other genes must regulate
the first cell-fate decision in these species.
However, the mechanism(s) for species
other than mouse have not yet been described.

Thisiswhere Gerriand colleagues add anew
page to the mammalian embryo instruction
book. First, the authors analysed gene expres-
sionin humanand cow embryos, and demon-
strated that YAP1localization and GATA3gene
expression are conserved between species as
the trophectoderm emerges. Next, they dis-
rupted cell polarization in each species by
inhibiting atypical protein kinase C (aPKC),
a key polarization protein. This prevented
nuclear localization of YAP1, and disrupted
GATA3 expression. These observations point
to a conserved gene-regulatory module that
governs the first cell-fate decision in mouse,
cow and human embryos (Fig. 1a).

The observations also raise exciting possi-
bilities for future study. For example, it is still
unknown whether aPKC influences GATA3
through YAP1 in cow and human embryos
as it does in mice. Although disruption of
aPKC interfered with YAP1 nuclear localiza-
tion and GATA3 expressionin cow and human
embryos, the requirement for YAP1in GATA3
regulation was not tested in cow or human
embryos. This leaves open the possibility
that an aPKC-regulated transcription factor
other than YAP1 could regulate GATA3 in cow
and human trophectoderm. To distinguish
between these possibilities, YAP1 should be
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Figure1|Shared pathways during early mammalian development. In the very early stages of the
development of mouse, cow and human embryos, the outer cells of the embryo become trophectoderm
(acell type destined to give rise to the placenta), whereas the inner cells become pluripotent (capable

of producing all cell types of the body). a, Gerri et al.! demonstrate that, in the trophectoderm cells of all
three species, the presence of a protein called atypical protein kinase C (aPKC) leads (through inhibition

of the HIPPO signalling pathway, not shown) to the movement of YAP1 protein into the nucleus. Here, YAP1
promotes transcription of the gene GATA3 — a key trophectoderm-promoting factor. b, In mice, YAP1 does
not move to the nucleusin pluripotent cells — GATA3 is not expressed, whereas the pluripotency gene Sox2is.
The mechanisms that govern the establishment of pluripotency in cow and human embryos remain unclear.

hyperactivated or inhibited in cow and human
embryos, as has been done previously in mice.
These analyses will bring us closer to under-
standing the conserved programs underlying
mammalian early development.

In spite of the striking conservation in how
cell polarity and HIPPO signalling regulate
GATA3 expression in mouse, cow and human
embryos, Gerri and colleagues also report
anotable difference. In mice, YAP1 inhibits
expression of the pluripotency gene Sox2in
the trophectoderm, sorestricting Sox2 expres-
siontotheembryo’s core’ (Fig. 1b). By contrast,
in cow and human embryos, the SOX2 gene is
initially expressedinboth trophectodermand
pluripotent cells. Thus, YAP1 does not affect
theinitial patterning of SOX2 gene expression
in cows or humans, as it does in mice®'°. Gerri
etal.find that SOX2 expression does eventually
become restricted to pluripotent cellsin cow
and human embryos, but it is not yet known
whether this later process depends on YAP1.
If so, the role of the signalling pathway would
be conserved between species, although its
timing would not.

The fact that SOX2 is initially broadly
expressed in cow and human embryos raises
intriguing follow-up questions. For instance,
doesitindicate that pluripotency is defined
at a later developmental stage in cow and
human embryos than in mice? Or could there
be alternative genes defining pluripotency at
the earlier stages in cow and human? Future
studiestoaddressthese possibilities will have
broad-ranging implications.

Discoveries in mouse and human embryos
contribute directly to our understanding of
stem-cell biology. Cultured stem cells were
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firstderived fromboth pluripotent and troph-
ectoderm cells of the mouse embryo, paving
the way for the establishment of stem-cell lines
from human embryos?". Human stem cells
have since been used in visionary efforts to
study development and disease™. The knowl-
edge gleaned from embryos thus guides our
understanding of how to optimize protocolsto
manipulate the identity and function of stem
cells, as well as bringing us closer to under-
standing the universal assembly instructions
for mammalian embryogenesis.
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