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Cancer cells must adapt metabolism to thrive despite nu-
trient limitations in the tumormicroenvironment. In this
issue of Genes & Development, King and colleagues (pp.
1345–1358) report a role for transcriptional regulators of
the Hippo pathway to facilitate protein scavenging
and support proliferation under some nutrient-deprived
conditions.

A subset of cancer cells engages in macropinocytosis to
take up bulk extracellular material as a source of nutri-
ents. Macropinocytosis appears to be particularly advan-
tageous for tumor cells when nutrients are scarce, and
cancer cells equipped with the ability to engage in protein
scavenging can proliferate even when deprived of select
individual amino acids (Finicle et al. 2018).
Scavenging exogenous protein can be an important

source of amino acids for some cancers, including pancre-
atic cancer, and is attributed in part to oncogenic activa-
tion of Kras signaling (Finicle et al. 2018). Trafficking of
V-ATPase to the plasmamembrane downstream from on-
cogenic Ras is one mechanism to promote macropinocy-
tosis (Ramirez et al. 2019); however, because Ras is not
required for macropinocytosis, additional cooperative
mechanisms must exist (Palm et al. 2015). Activation of
PI3K downstream fromKras enhances the extent towhich
cancer cells can engage in macropinocytosis (Araki et al.
1996). This suggests that other means of activating
PI3K, as well as the metabolic context, might also deter-
mine whether cells use this process to scavenge nutrients
(Michalopoulou et al. 2020). Of note, the complete path-
way for how intracellular nutrient sensing influences nu-
trient scavenging remains unclear; furthermore, given the
bidirectional feedback between nutrient availability and
transcriptional responses to support growth, howeach fac-
tor affects macropinocytosis is an area of ongoing investi-
gation. King et al. (2020) have uncovered new insight into
this by identifying a role for theHippo pathway in promot-

ing macropinocytosis in response to leucine limitation.
Specifically, the investigators identified a role for the tran-
scriptional coactivators Yap and Taz in activating the
TEAD family of transcription factors, which promote
transcriptional activation of the Axl receptor tyrosine ki-
nase that in turn activates PI3K/Akt and stimulates mac-
ropinocytosis (Fig. 1).
To identify regulators of macropinocytosis, the investi-

gators used a panel of cell lines adapted to grow in the ab-
sence of leucine and performed chromatin accessibility
studies in combination with RNA sequencing analysis
to assess genome-wide changes in transcription factor oc-
cupancy and transcript levels. These studies revealed a
role for the TEAD family of transcription factors as a me-
diator of the adaptive response to amino acid limitation.
Given the known association between the Hippo pathway
transcriptional coactivators Yap and Taz and the TEAD
transcription factors, and the up-regulation of target
genes associated with Yap activation, King et al. (2020)
further investigated the role of these factors inmacropino-
cytosis. Consistent with a role for the Hippo pathway in
adaptation to leucine depletion, the investigators found
enhanced nuclear enrichment of Yap/Taz, which are
otherwise retained in the cytoplasm when repressed, sug-
gesting that leucine availability affects shuttling of these
factors in and out of the nucleus. While the exact link be-
tween leucine sensing and control of Yap/Taz nuclear lo-
calization is not understood, these findings suggest a
cross-talk between metabolic inputs and Hippo signaling.
King et al. (2020) also found up-regulation of the Yap/

Taz transcriptional target Axl, which encodes a receptor
tyrosine kinase that can activate the PI3K/Akt pathway,
which in turn can promote macropinocytosis (Araki
et al. 1996). Tomechanistically test the link betweenHip-
po pathway activation of Axl and PI3K/Akt signaling-me-
diated increases in macropinocytosis, the investigators
used an orthogonal approach to activate Axl kinase with

[Keywords: Yap; cancer metabolism; macropinocytosis]
Corresponding author: mvh@mit.edu
Article is online at http://www.genesdev.org/cgi/doi/10.1101/gad.343632.
120.

© 2020 Sivanand andVanderHeiden This article is distributed exclusive-
ly by Cold Spring Harbor Laboratory Press for the first six months after the
full-issue publication date (see http://genesdev.cshlp.org/site/misc/terms.
xhtml). After six months, it is available under a Creative Commons Li-
cense (Attribution-NonCommercial 4.0 International), as described at
http://creativecommons.org/licenses/by-nc/4.0/.

GENES & DEVELOPMENT 34:1253–1255 Published by Cold Spring Harbor Laboratory Press; ISSN 0890-9369/20; www.genesdev.org 1253

mailto:mvh@mit.edu
http://www.genesdev.org/cgi/doi/10.1101/gad.343632.120
http://www.genesdev.org/cgi/doi/10.1101/gad.343632.120
http://www.genesdev.org/cgi/doi/10.1101/gad.343632.120
http://genesdev.cshlp.org/site/misc/terms.xhtml
http://genesdev.cshlp.org/site/misc/terms.xhtml
http://genesdev.cshlp.org/site/misc/terms.xhtml
http://genesdev.cshlp.org/site/misc/terms.xhtml
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://genesdev.cshlp.org/site/misc/terms.xhtml


its ligand, Gas6, and confirm both increased Akt signaling
and macropinocytosis induction independent of Yap/Taz
activity. Together, these data support a model in which
transcriptional regulation ofHippo pathway targets down-
stream from leucine deprivation can increase macro-
pinocytosis via Axl-mediated activation of PI3K/Akt
signaling.

Nutrient availability to cells in tumors can affect how
metabolism is used to support proliferation, and which
nutrients are available can vary based on both the tumor
type and tissue location (Sullivan et al. 2019). How cells
adapt to fluctuating nutrient levels within the tumor is
less well understood, but the upstream Lats2 kinase in
the Hippo signaling pathway can suppress Yap/Taz tran-
scription and suppress tumor formation, and elevated
YAP activity can cooperate with other genetic events to
promote tumor growth (Han 2019). Whether these effects
on cancer initiation can be explained through regulation
of nutrient scavenging is unknown, but based on the find-
ings from King et al. (2020), activation of Yap/Taz could
help cells scavenge protein from their environment and
adapt to nutrient-limited conditions in a developing
tumor.

Prior work has also linked elevated Yap/Taz activity
with epithelial–mesenchymal transition (EMT) (Corde-
nonsi et al. 2011), which can play a role in the capacity
of cancer cells to disseminate, colonize, and proliferate
in distant sites (Aiello et al. 2018). While induction of
EMT is not sufficient to increase macropinocytosis, the
investigators hypothesize that the response to amino
acid limitation could be differentially regulated based on
where cells fall within the EMT spectrum, potentially
supporting a more invasive phenotype. In fact, they found
cells adapted to grow in the absence of leucine are more
invasive, and cells at the leading edge of the tumor display
elevated Yap nuclear localization, correlatingwith elevat-
ed macropinocytosis.

While macropinocytosis is often considered as a source
of amino acids, and protein is abundant in extracellular
fluid in tissues, macropinocytosis allows scavenging of
bulk extracellular material including dead cells and other
macromolecules in the environment (Kim et al. 2018).
This is potentially relevant for cancer cell adaption to
therapy, as macropinocytosis can enable surviving cells
to recycle macromolecules from dead cells in their envi-
ronment. King et al. (2020) demonstrate that uptake of ne-
crotic cells can be mediated by Gas6 and TAM activation,
hinting at additional cross-talk between nutrient sensing
and extracellular signaling pathways to respond to acute
stress. This discovery that the Hippo pathway facilitates
nutrient scavenging in response to nutrient limitation
may offer new therapeutic strategies to block nutrient up-
take in some cancers.
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Figure 1. Transcriptional regulation of macropinocytosis.
In response to leucine limitation, King et al. (2020) found that nu-
clear localization of Yap/Taz and transcriptional activation of the
TEAD transcription factors promote increased expression of Axl.
Activation of theTAM (Tyro3–Axl–Mertk) receptor byGas6 facil-
itates PI3K/Akt signaling to promote bulk nutrient scavenging
and sustain intracellular amino acid levels for growth and
proliferation.
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