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Fatty acids prime thelung
as asite for tumour spread

Laura V. Pinheiro & Kathryn E. Wellen

The mechanisms that enable the deadly spread of cancer are
not fully understood. It emerges that tumours can signal to the
lung to manipulate lipids and so prime the organ to support
tumour cells that subsequently spread there.

Cancer cellsrequire nutrients such as glucose,
amino acids and fatty acids to grow and prolif-
erate. They also require nutrients to disperse
and grow in organs distant from the initial
(primary) tumour site — a spreading process
called metastasis. The nutritional environ-
ment affects whether cancer cells can thrive
in anew location. Tumour cells are known to
secrete factors that act on distant sites ahead
of their arrival, to prepare a favourable envi-
ronment, termed a pre-metastatic niche'. How-
ever, nutritional aspects of the pre-metastatic
niche are poorly understood. Writing in Nature
Cancer, Altea-Manzano et al.” reveal how
breast cancer cells program the metabolic
environmentin the lung before colonization,
to support metastatic growth.

Fatty acids are a class of nutrient impli-
cated in supporting metastasis, and high-fat
diets promote metastasisin mice**. However,
the factors that affect fatty-acid availability
at sites of metastasis are not well known.
Altea-Manzano et al. find that two fatty
acids in particular, palmitate and oleate, are
highly abundant in the extracellular fluid of
the healthy lung and liver — common sites
of metastasis. Feeding mice a high-fat diet
furtherincreases the fatty-acid abundancein
these tissues, and coincides with increased
metastatic growth in a breast cancer model.

The authors then considered a crucial
question. Could tumour-derived signals
remodel the metabolic environment of distant
tissues to improve the ability of cancer cells
to grow there? The researchers tested this by
injecting mice with factors secreted by tumours
invitro.Remarkably, this treatment resultedin
arisein palmitate inthe lung extracellular fluid,
indicating that signals from a distant tumour
can change the nutritional environment in
the lung. Lung extracellular fluid collected
post-mortem from people with breast cancer
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had higher levels of palmitate than that of indi-
vidualswho had not had cancer, supporting the
relevance of these findings for humans.

A cell type called alung-resident alveolar
type Il (AT2) cell was identified as the source
of palmitate-containing lipids (Fig. 1a). AT2
cells produce lung surfactant, a complex of
phospholipids and proteins that functions to
reduce surfacetensionat the air-liquidinter-
faceinthelung’salveolar structures, prevent-
ing their collapse. Surfactantis richin lipids,
suggesting that tumours might exploit the
normal metabolic function of the AT2 cells.

To understand how palmitate gives
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metastasizing cancer cells an advantage,
Altea-Manzano et al. used an experimental
system to model features of tumours in vivo
and to mimic 3D tumour growth. The set-up
consisted of a culture system in which cells
aggregate and grow into sphere-like struc-
tures®. Palmitate, but no other fatty acids
tested, increased spheroid growthinamanner
thatrequired lipid breakdown to generate the
metabolic intermediate acetyl coenzyme A
(acetyl-CoA). Acetyl-CoA is needed for a pro-
tein modification called acetylation, which
canregulate protein function, and the abun-
dance of acetyl-CoA can affect the acetylation
of certain proteins, including some that are
involved in regulating gene expression®.
Altea-Manzano and colleagues found that
acetyl-CoA derived from palmitate is used
by an enzyme called KAT2A to acetylate sub-
unit p65 of the transcription-factor protein
NF-kB. This acetylation leads to increased
expression of genes that promote metastasis.
Although several nutrient sources can supply
acetyl-CoA, palmitate, but no other nutrients
tested, increased the expression of KAT2A,
possibly accounting for the role of palmitate,
but not other fatty acids, in this setting.
Targeting various components of this path-
way in the cancer cells, including palmitate
breakdown and KAT2A, potently suppressed
spheroid growth in culture and tumour
metastasis in mice. These findings delineate
amechanismwhereby signals fromthe tumour
instruct AT2 cells to produce and secrete
lipids, increasing palmitate abundance in
the pre-metastatic niche (Fig. 1b). Palmitate
is then taken up by the metastasizing cancer
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Figure 1| Tumours manipulate lipids to create a favourable environment for tumour spread.
Altea-Manzano et al.? investigated how breast cancer cells spread to the lungs in mice. a, AT2 cellsin the
lungs synthesize and secrete lipid molecules that contain the fatty acid palmitate. b, The authors report that
unknown tumour-secreted factors boost palmitate production. This creates a favourable site for tumour
spread (termed a pre-metastatic niche). c, When breast cancer cells themselves reach the lungs (through a
process called metastasis), they take up palmitate and convert it to acetyl-CoA. This molecule is used by the
enzyme KAT2A to add an acetyl group (Ac) to the transcription-factor protein NF-kB. NF-kB regulates gene

expression to support tumour growth.
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cells and used to activate a gene-expression
program that allows successful growth in the
lung (Fig. 1c).

Several intriguing questions arise from
this work. In terms of understanding the
mechanism involved, a key unknown is the
identity of the tumour-cell signal that acts
on AT2 cells. Identifying this signal and
discovering how it increases the secretion
of palmitate-containing lipids in AT2 cells
would elucidate key details of how tumour
cells nutritionally prime the pre-metastatic
niche, and potentially present opportunities
for therapeutic intervention.

Lung surfactant consists mainly of phospho-
lipids, a major component of which is the
molecule dipalmitoylphosphatidylcholine,
which contains two acyl chains derived from
palmitate’. Indeed, palmitate in the extra-
cellular fluid is mainly a component of larger
lipid molecules. Whether the cancer cells
selectively take up specific lipids from the
lung environment, and if so, how, remains to
be determined. In addition, it will be worth
investigating the mechanism by which palmi-
tate specifically regulates KAT2A expression.

Another avenue of research prompted by this
workistheinterplay between dietary fat, lipids
inthe pre-metastatic niche and metastasis. The
authorsfound that feeding mice a high-fat diet
increases the number of AT2 cells; thus, diet

mightincrease palmitatein the pre-metastatic
niche through mechanisms beyond simply
providing the fatty acid. With that in mind, it
wouldbeinteresting to test whether this effect
is also specific to palmitate, or whether other
fatty acids can similarly modulate the number
of AT2 cells. Notably, another study found that
dietary palmitate, but not the fatty acids oleate
or linoleate, boosts the initiation of metasta-
sis through a reprogramming mechanism (an
epigenetic modification) that acts onthe com-
plex of DNA and protein called chromatin®. It
is appealing to imagine future strategies that
combine dietary interventions with targeted
therapies to suppress metastatic growth.
Finally, because the mechanisms described
in Altea-Manzano and colleagues’study use the
surfactant-producing function of AT2 cellsand
thus are specific to the lung environment, it
willbeimportant to discover whether distinct
mechanisms enable metabolic adaptations for
metastasis to other sites. Breast cancer meta-
stasisto thebrainrequiresincreased palmitate
synthesis by cancer cells there, consistent with
the idea that different sites require distinct
adaptations’. Given the common requirement
for palmitate for metastasis to both lung and
brain, the dataraise the question of whether
targeting fatty-acid synthesis throughout the
body would decrease metastasis to multiple
sites. Inhibitors of fatty-acid synthesis are

currently being tested in clinical trials for
the treatment of primary tumours and some
metastatic cancers™.

Altea-Manzano and colleagues’ work reveals
key aspects of how tumour cells facilitate
colonization of the lung. The pathway iden-
tified might offer new molecular targets for
suppressing metastasis — a major challenge
for the treatment of cancer.
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