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a cap on the state of) the uppermost region
of the unhydrated mantle, unless it represents
alocal phenomenon.

The global surface-water inventory of Mars
was originally estimated to be about 2 x 10
to 2 x 10°km” (ref. 7, and references therein),
on the basis of the size of the putative ancient
oceans. But estimates of the total water loss
to space are much smaller (less than 10" km’,
based on atmospheric-escape models’). The
discrepancy between these estimates hints
at the existence of a ‘missing’ water reservoir
beneath the surface. The widespread distri-
bution of hydrated materials on the surface
of Mars also implies the existence of a crustal
water reservoir, but conventional spectro-
scopic observations are able to see only the
surface veneer. Wade and colleagues’ thermo-
dynamic modelling, together with remote-
sensing observations, offers a means to work
out the depth profile of hydrated materials,
and to calculate a reasonable estimate of the

volume of the crustal water reservoir.

Ground ice might also account for the miss-
ing water reservoir on Mars® "’. Subsurface
radar-sounder measurements® have detected
an anomaly in an electrical property of rocks
in the planet’s northern hemisphere, which
implies that massive ice deposits are embed-
ded among or between layers of sediment and
volcanic materials at a depth of 60-80 m. The
ground-ice model has also been proposed on
the basis of analyses of hydrogen isotopes in
Martian meteorites’ and of crater morphol-
ogy'’. The crater study indicates that the
subsurface water ice has a volume of about
3x10” km?, which is comparable to the size
of the ancient oceans. Subsurface exploration
will be required to test both the hydrated-
crust and ground-ice theories, and therefore
to shed light on the evolution of the Martian
water inventory. m

Tomohiro Usui is at the Earth-Life Science

Tumour lymph vessels
boost immunotherapy

A high level of expression of the growth-factor protein VEGF-C is associated with
tumours that have extensive lymph vessels and poor prognosis. It emerges that
such tumours are highly susceptible to immunotherapy.
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dvances in our understanding of
Atumour immunology have led to
immense clinical interest in harnessing
immune cells to target cancer'. The immune
systems killer (cytotoxic) T cells can search for
and destroy abnormal cells that they encoun-
ter while patrolling tissues. However, in the
suppressive microenvironment of a tumour,
such cells often enter a dysfunctional state. A
goal of cancer immunotherapy is to trigger or
revitalize the antitumour immune response
either through vaccination strategies or by
using an approach called checkpoint-blockade
therapy that dampens immuno-inhibitory
signals, such as those of the PD-1 or CTLA-4
pathways®. Writing in Science Translational
Medicine, Fankhauser et al.’ show that an
increase in the expression of a protein that pro-
motes tumour growth can also make a tumour
more responsive to immunotherapy.
Tumours need a vascular supply to grow.
Blood vessels bring nutrients and oxygen to
a tumour, whereas lymphatic vessels remove
fluid and waste. A tumour and the cells in its
surrounding milieu stimulate the development

of these two branches of the vascular system
by secreting proteins that are members of the
vascular endothelial growth factor (VEGF)
family”.

The protein VEGF-A promotes the gen-
eration of new blood vessels (angiogenesis).
Decades of work aimed at impairing tumour
growth by blocking angiogenesis has led to
the approval of drugs that inhibit signalling
by members of the VEGF family, with most

approaches4 target-

“Anincreasein ing VEGF-A.
the expression VEGF.—C promotes
of aprotein lymphatlc—vessel f(?r—
that promotes mation (lymphangio-
tumour growth genesis) by signalling
Is ke through the VEGFR3
canalsoma receptor’. Lymphatic
atumou_rmore vessels can pro-
responsive to mote the process of

2. »
lmmunOtherapy . metastasis — tumour-

cell spread beyond
the primary tumour growth site — by provid-
ing a route for cancer cells to exit a tumour and
reach nearby structures termed lymph nodes.
This process enables tumour cells to grow in
lymph nodes, and to disseminate from there to
other locations. Many tumours associated with
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metastasis, such as melanoma and breast cancer,
express high levels of VEGF-C and contain a
dense network of lymphatic vessels’. Moreover,
an increase in VEGF-C expression in tumours
is highly correlated with metastasis to lymph
nodes, and with a reduction in survival in indi-
viduals with different tumour types, including
skin, breast and lung cancers’.

Does an increase in tumour lymphangio-
genesis always promote tumour growth?
Fankhauser and colleagues addressed this
question by analysing the role of VEGF-C-
driven lymphangiogenesis in tumour growth.
They studied mice that express high levels
of VEGF-C and provide a model system
for studying cancer. When the researchers
treated these animals with VEGF-C-blocking
antibodies, they observed a surprising
result: although high VEGF-C expression
is associated with poor tumour prognosis,
VEGF-C inhibition in the context of tumour
immunotherapy resulted in increased tumour
growth. This suggested that VEGF-C might
have another, previously unsuspected role in
limiting tumour growth by boosting patient
responses to immunotherapy.

The authors investigated the basis of this
phenomenon. They found a strong positive
correlation between VEGF-C levels and the
strength of a tumour-specific cytotoxic T-cell
response after immunotherapy in their model
mice. They also observed a similar associa-
tion between high VEGF-C expression and
boosted immunotherapy responses (Fig. 1)
when analysing data from people who have
a metastatic form of skin cancer called mela-
noma. Together, these results suggest that
VEGEF-C and the lymphatic system might
have unexpected roles in aiding cancer immu-
notherapy. Perhaps VEGF-C levels could be
used as a biomarker to identify patients who
are likely to respond to immunotherapy.
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Figure 1 | Lymph-vessel formation and tumour response to immunotherapy. Fankhauser et al.’
studied the role of lymphatic vessels — the vasculature that provides a drainage system to remove waste
from tissues — in the response of tumours to immunotherapy by using mouse models and analysing
clinical data. Tumours that express low levels of the growth-factor protein VEGF-C do not have an
extensive network of lymph vessels. However, if VEGF-C expression becomes high in a tumour, a dense
network of lymph vessels forms. High VEGF-C levels are associated with poor prognosis. One possible
reason for this is that lymph vessels provide a route for tumour-cell migration to other locations in the
body. VEGEF-C drives the expression of the protein CCL21, and Fankhauser and colleagues observed that
the presence of CCL21 was associated with the infiltration of inactive immune cells into the tumour. If
these tumours were then treated with immunotherapy to boost the immune response, the immune cells
were activated and there was a strong tumour response to immunotherapy.

To understand the biology underlying this
phenomenon, the authors investigated how
the VEGF-C pathway affects immunotherapy
responses. Using genetically engineered mice,
they demonstrated that VEGF-C signalling,
along with expansion of the lymphatic net-
work at the tumour site, enhances the response
to many types of immunotherapy, including
cancer vaccines and checkpoint blockade.
The authors observed that lymphangiogenic
tumours with high VEGF-C expression fos-
tered potent antitumour immune responses,
inhibiting primary or metastatic tumour
growth.

High VEGF-C expression in the authors’
mouse model drove strong production of the
protein CCL21. This protein is not usually
expressed by tumours. It is expressed by cells
that form the blood vessels and the surround-
ing material known as the stroma®. These are
both associated with the body’s lymphoid-
organ sites, in which immune cells are initially
activated during an immune response.

CCL21 acts as a type of chemoattractant
called a chemokine’, that binds the CCR7
receptor on naive T cells (immune cells that
have not yet been activated to mount an
immune response) and drives the cells to
migrate towards greater concentrations of
the chemokine. The migration of naive T cells
towards higher concentrations of CCL21 ena-
bles the cells to exit the bloodstream and enter
lymphoid organs that are rich in CCL21. This
is a necessary prelude to their activation and
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participation in an immune response.

The authors observed that their mice with
high VEGEF-C expression had a high level of
naive T cells present within the tumours, and
the number of naive T cells could be reduced
if the animals were treated with antibodies that
block CCR?7 activity. Their analysis suggests
that CCL21-enriched tumours might mimic
lymphoid organs in a way that attracts naive
T cells.

Although not addressed by Fankhauser and
colleagues, it is interesting to consider whether
VEGE-C signalling in tumours might promote
the formation of tertiary lymphoid struc-
tures'". These are formed from collections of
immune cells clustered in structures that have
lymph-node-like characteristics. Unusually
high levels of CCL21 expression in tissues
can be accompanied by formation of tertiary
lymphoid structures that have an organized
stromal component and specialized blood ves-
sels named high endothelial venules'". These
enable the recruitment of naive T cells from
the bloodstream into the tissue and are thought
to enhance local immune responses'". Because
such structures can develop locally within tis-
sues and bypass the need for the lymph node
to activate immune cells, their formation in
or near tumours might bolster anti-tumour
immune responses and improve responsive-
ness to immunotherapy.

Therapeutics targeting the VEGF family in
combination with immunotherapies might
increase the tumour response to treatment
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50 Years Ago

The decision of the council of

the Zoological Society to ban all
feeding by visitors at London Zoo
and Whipsnade Park from the
beginning of 1968 is the final stage
of the policy adopted in 1965 in the
interests of the health and general
welfare of the animals ... The
visitors too will be safer when the
ban is enforced; during one year at
London 180 people have been bitten
by monkeys, parrots, cockatoos,
ponies and other animals. During
the same year elephants at London
seized fourteen coats, twelve
handbags, ten cameras, eight gloves
and six return tickets to Leicester,
damaging them all beyond repair ...
The problem of educating the
public to resist throwing buns, nuts
and other food to the animals is
considerable ... Although nobody
will be turned out of the zoo for
feeding the animals, offenders will
be asked to stop by watchful keepers.
From Nature 23 December 1967

100 Years Ago

A very great advance was made

in the earliest form of electricity
generator by the late James
Wimshurst in the year 1882. At
that time several forms of the

Holtz and Voss machines were in
use, but their behaviour was most
erratic ... Wimshurst succeeded in
producing a machine that would
“excite” with certainty under almost
any atmospheric condition, and by
combining a number of plates was
able greatly to increase the output ...
The uses of the machine are very
numerous. It has been employed
with success in agricultural
experiments, where greatly
increased plant growth under the
influence of the static discharge has
been recorded. In electro-therapy
its value is fully recognised, and the
static discharge is now in constant
use in many hospitals.

From Nature 27 December 1917
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by increasing the formation of tertiary
lymphoid structures and the recruitment of
naive T cells, as indicated in mouse models
in which combinations of VEGF-A inhibi-
tion and checkpoint blockade were tested'’.
Fankhauser and colleagues raise the provoca-
tive idea that lymphatic vessels and active
VEGFR3 signalling driven by VEGF-C might
be beneficial for individuals with cancer who
are being treated with immunotherapy. If this
is the case, successful strategies may need to
combine vascular-modulating drugs with
cancer immunotherapeutics that preserve
lymphangiogenic features. m
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Specks of insight into
Alzheimer’s disease

Inflammatory cues trigger microglial cells to release the protein ASC. It emerges
that specks of ASC promote a hallmark of Alzheimer’s disease in the brains of
mice — aggregation and deposition of amyloid - protein. SEE ARTICLE P.355

RICHARD M. RANSOHOFF

ease can be considered to be relatively

simple: it requires the formation of
aggregated clumps of the protein amyloid-3
in the brain, which promote a string of down-
stream consequences that lead to dementia.
But when all contributing factors are taken
into account, it is fearsomely complex. For
instance, consider the potential role of inflam-
matory processes. There are many indicators
of inflammation in Alzheimer’s disease': levels
of immune molecules are elevated; neuron-
supporting cells called glia react strongly
to the abnormal tissue environment; and
changes arise in the specialized vasculature of
the blood-brain barrier. Furthermore, subtle
genetic alterations in glia can augment the
risk of developing Alzheimer’s disease”. But
despite this evidence, details of how inflam-
mation might promote the disease have been
evasive'. On page 355, Venegas et al.’ provide
evidence that, in mice, an extracellular form
of an immune-activation protein promotes
amyloid- aggregation.

Amyloid- is derived from a larger protein,
amyloid precursor protein (APP), which is
cleaved to produce a family of shorter peptides.
Alzheimer’s disease can be caused directly by
mutations in either APP or the enzymes that

l :rom one perspective, Alzheimer’s dis-

process it, if they lead to the production of
versions of amyloid- that are prone to aggre-
gating into soluble, cell-damaging clusters.
These soluble amyloid-{ aggregates subse-
quently undergo further aggregation and are
deposited in brain tissue in clumps called
amyloid plaques’. These groundbreaking find-
ings undergird all research into the disease. But
the specific mechanisms by which plaques
form have been elusive. And given that, so
far, all phase III clinical trials of prospective
disease-modifying therapies have failed™®,
the identification of specific molecular play-
ers in plaque formation would be extremely
welcome, because it could accelerate the
development of better therapies.

Venegas et al. began from their group’s
previous observation’ that mice lacking the
protein NLRP3 have some protection against
amyloid-p deposition. This finding was
obtained by deleting the Nlrp3 gene in a mouse
strain dubbed APP/PS1, which has been genet-
ically engineered to express human genes that
contain mutations associated with Alzhei-
mer’s disease; animals therefore show abun-
dant deposition of aggregated amyloid-f3 and
cognitive impairment. NLRP3 is an immune
sensor that, in the brain, is found in immune-
related cells of the central nervous system
called microglia. It detects abnormal bio-
chemical substances, including the products
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