altered by the death of its host star. A mass
and radius measurement for this planet would
enable us to compare it with similar planets
orbiting Sun-like stars, possibly revealing any
changes that the planet has undergonein the
past. Unfortunately, it seems highly unlikely
that the mass will be determined precisely any
time soon. Thisisbecause WD 1856+534 is too
coldto produce any absorption featuresinits
spectrumthat could be analysed to determine
the white dwarf’s radial velocity, a measure-
ment that is typically used to calculate the
masses of orbiting planets.

One ofthe biggest questions toemerge from
Vanderburg and colleagues’ study is how the
planet ended up so close to the white dwarf.
The planet is located just 4 solar radii from
the white dwarf (or roughly 20 times closer
tothe white dwarfthan Mercuryisto the Sun).
Assumingthat theinner planetary systemwas
swallowed by the expanding star, it seems
extremely unlikely that the planet has always
been this close toits star.

Vanderburg et al. suggest two possible
explanations. The first is that the planet
avoided destruction by tearing off the outer
layers of the expanding star when it was
engulfed. The second is that several distant
planets survived the death of the star, but
their altered orbits caused them to interact
with each other — whereupon the observed
planet was thrown towards the white dwarf by
another planet. This latter explanation seems
the most likely, and offers the tantalizing pros-
pectof detecting additional planets in this sys-
temin the future. Given that WD 1856+534 is
only 25 parsecs (82 light years) fromEarth, the
gravitational effects of any further planetson
the white dwarf could be detectable by mis-
sions such as ESA’s Gaia space observatory.
Thissystemtherefore opens up anentirely new
field of exoplanetary research.
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Tumour biology

How cancerinvasion

takes shape

Karolina Punovuori & Sara A. Wickstrom

Skin cancers resulting from distinct mutations have
characteristic tissue forms and different disease outcomes.
Analysing the architecture of benign and aggressive tumours
reveals how mechanical forces drive these patterns. See p.433

Theinterplay between form and functionis a
cornerstone of biology, and the dismantling
of normal tissue organization is a hallmark of
many diseases. A long-standing question is
whether changes in tissue architecture are
merely a by-product of destructive diseases
such as cancer, or whether they actively
influence disease progression. Distinct types
of skin cancer are driven by specific genetic
abnormalities and give rise to distinctive
tumour shapes. However, how these struc-
tures arise, and whether their specific forms
affect the different outcomes of benign and
malignant cancers, has been unclear. On
page 433, Fioreet al.' report an analysis of skin
cancer in mice that uncovers some of the key
principlesinvolved.

Theskin’souterregion, called the epidermis,
is made of layers of epithelial cells. Down in
the basallayer at the bottom of the epidermis,
stem cells divide to self-renew their popula-
tion and to generate cells of the suprabasal
layers above, each layer of which represents
afurther-differentiated state. The final stage
of differentiation generates a layer of dead
cells on the skin’s surface, which are continu-
ally shed. The constant need to replace these
dying cells creates high demand for the basal
stem cells to divide and produce differenti-
ated cells. Owing to their potency and long
lifetime, these stem cells, which frequently
acquire cancer-causing mutations, are the
cells of origin for two common types of skin
cancer. One is basal cell carcinoma (BCC), a
benign tumour that does not usually spread
into othertissues, and the second is squamous
cell carcinoma (SCC), whichis more aggressive
and invasive?>.

Fiore and colleagues engineered mouse
embryonicskin cells to express cancer-causing
mutations. A mutation in the gene SmoM2
that activates the Sonic Hedgehog signalling
pathway produced ‘budding’ skin conforma-
tions, characteristicof BCC (Fig.1). By contrast,
amutationinthe gene HRasthat causes hyper-
activityinthe RAS-MAPK pathway generated
skin ‘folds’ similar to those found inSCC. Both

© 2020 Springer Nature Limited. All rights reserved.

types of mutation caused cancer cells to prolif-
erate faster than did their surrounding normal
cells, but the mechanical properties of the
tumour environment differed profoundly
between the two tumour types.

Using an impressively broad selection
of methods and combining theoretical
and experimental approaches, Fiore et al.
demonstrated that the two cancer-promoting
mutations had different effects on the produc-
tion, turnover and stiffness of the basement
membrane. This is a thin layer of specialized
extracellular matrix material that separates
the epidermal cells from the rest of the skin,
such as the adjacent compartment below
called the dermis. The authors report that
the BCC-like tumours actively produced and
remodelled the basement membrane, and the
resulting extracellular matrix had low stiffness
and was malleable in its response to forces
generated by the cancer cells. By contrast,
the SCC-like cells produced less basement
membrane, and the absence of remodelling
made the underlying extracellular matrix
comparatively stiffer.

As the BCC-like tumour expanded, the
compressive forces exerted by the rapidly
dividing and thus crowded pool of cancer
cells caused buckling of the epidermis and
basement membrane, resultingin the growth
oftumour buds. However, in SCC-like tumours,
the same type of force generated by prolifer-
ation and cellular crowding exerted towards
the stiffer basement membrane did not result
in such tissue deformation, and instead the
tumour formed wave-like folds. Importantly,
Fiore and colleagues report that experimen-
tally altering the basement membrane to
mimic high remodelling forced a switch from
the formation of tumour folds to buds.

The authors observed specific differences
between the two tumour typesinthe distribu-
tion of the actin and myosin protein machinery
that generates cellular contractility and ten-
sion: the BCC-like cells exhibited high tension
at the cellular boundary between the cancer
andthe neighbouring healthy tissue, however,
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Figure 1| Constructing the cellular architectures of cancer. a, Fiore et al.' engineered stem cellsin
embryonic mouse skin to have cancer-promoting mutations in the genes SmoM2 or HRas. These mutant
stem cells lie above a layer of extracellular matrix material called the basement membrane. b, The tumours
inembryos with a SmoM2 mutation resembled a benign, non-invasive cancer called basal cell carcinoma.
These mutant cells actively produced and remodelled the basement membrane, rendering it elastic. The
cancer cells generated forces as a result of cellular overcrowding, which buckled the basement membrane,
creating a bud-shaped tumour, and produced tension at the boundary with the non-mutant cells. ¢, The
tumours in embryos with an HRas mutation resembled a malignant, invasive cancer termed squamous cell
carcinoma. These HRas-mutant cells produced less basement membrane than did the SmoM2 mutant cells,
and the membrane was rigid. The production of higher-than-normal levels of the protein keratin stiffened an
upper layer of cells. Sandwiched between these two inflexible layers, the tumour could not easily dissipate
the compressive forces exerted, producing an architecture of wave-like folds. The authors suggest that these

forces might rupture the basement membrane, enabling invasion of the underlying tissue.

such boundary tension was not observed for
SCC-like cells. Surprisingly, however, these
differences were not decisive factors in
driving tumour shape. The HRas mutation
in the SCC-like tumours caused stiffening of
the skin’s outermost cellular layer by gener-
ating higher-than-normal levels of keratin
proteins, a hallmark of this cancer. These
keratin-rich cells were stiffer than the basal
stem cells**, and sandwiched the rapidly divid-
ing SCC-like tumour cells between this stiff
layer and the rigid basement membrane. The
authors showed that both of these adjacent,
rigid structures were needed to produce SCC
architecture (Fig.1).

The crucial role of mechanical force in
generating biological structures has been
highlighted in many contexts, including in
the generation of various folds of epithelial
cells. In particular, epithelial cells apply actin-
and myosin-based contraction to engageina
tug-of-war against the underlying basement
membrane. Depending on the mechanical
properties of the surrounding structures
and the amount of force generated by the
epithelial cells, this results in either passive
buckling or active folding of the epithelial
tissue®. An exciting advance made with Fiore
and colleagues’ study is the merging of these
modelsintoaprocessthat could be described
asactive buckling, in which cells exert specific
contractile forces on their surroundings but
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also actively influence the mechanics of the
underlying basement membrane to produce
aspecific tumour pattern.

The effect of mechanical forces on cancer
has been addressed previously in other work.
Forexample, in tubes formed of epithelial cells
in the pancreas, tissue curvature is the key

“The two cancer-promoting
mutations had different
effects onthe production,
turnover and stiffness of the
basement membrane.”

determinant that influences whether cancer
grows inwards or outwards from such tubes’.
Oneintriguing aspect of thework by Fiore et al.
istheir finding that asingle cancer-promoting
mutationsufficestoorchestrateastereotypical
tumour architecture.

Some questions remain to be answered.
What are the signalling mechanisms responsi-
ble for changesin the production of basement
membrane or the generation of a stiffness
gradient in the multi-layered epidermis?
Human tumours have complex mutational
landscapes, so it will be interesting to assess
whateffect other genes that promote or hinder
tumour development have on the processes
that influence tumour shape.

© 2020 Springer Nature Limited. All rights reserved.

Previous studies®’ of other systems
provide clues about how physical changes
can integrate with cellular signalling. Dur-
ing the development of chick feather follicle
structures, mechanical compression triggers
the movement of the protein 3-cateninto the
nucleus, where it drives a transcriptional
response that enables cellular differentiation®.
In mouse hair follicles, remodelling of the
basement membrane modulates the Wnt and
TGF-B signalling pathways needed to regulate
stem-cell proliferation and subsequent
tumour formation®. Thus, it is highly probable
that, in cancers, mechanical forces are embed-
dedwithin networks of biochemical signals, in
which forces and signalling molecules might
provide constant bidirectional feedback. It
will beinteresting tolearnto what extent such
feedback loops, if present, are similar in the
context of normal tissue development and
cancer.

The precise functional consequences of
specific tumour architectures should be a
key avenue for future research. Fiore and col-
leagues suggest that rupture of the basement
membrane as aresult of tissue forces, possibly
accompanied by digestion of the extracellular
matrix driven by protease enzymes, is respon-
sible for the invasion of other tissues by SCC
tumours. This fascinating hypothesis could
have crucial implications if alterations in
tumour architecture orbasement membrane
stiffness could provide early signs of invasion
that might be used to predict the outcome of
human cancers.
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