
COMMENTARY

β-Arrestin1 mediates hMENA expression and
ovarian cancer metastasis
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Ubiquitously expressed β-arrestin1 (β-arr1) and β-arrestin2
(β-arr2) proteins were originally identified and character-
ized based on their function to desensitize activated G
protein-coupled receptors (GPCRs) with respect to hetero-
trimeric G protein signaling, and to mediate GPCR endo-
cytosis. Work over the past decade has shown that
β-arrestins also function asmolecular scaffolds that control
spatiotemporal distribution andmitogenic activity of part-
ner proteins involved in a myriad of fundamental cellular
functions, ranging frommetabolism to growth andmigra-
tion (1, 2). For example, β-arr1 binds to and activates
the tyrosine kinase c-Src (3) that, in turn, transacti-
vates EGF receptor to promote ERK protumorigenic
activity in colorectal cancer (4). β-arr1 was also shown
to promote prostate tumor growth by regulating an-
drogen receptor activity (5), and transgenic mice with
overexpressed β-arr1 allowed the faster growth rate
of xenograft hepatic tumors in comparison with con-
trol animals (6). Similarly, β-arr2 was reported to me-
diate the initiation and progression of myeloid leukemia
through activation of Wnt signaling (7), and to induce
ovarian tumor cell invasion and metastasis by nuclear
β-catenin (8). Hence, β-arrestins regulate specific cel-
lular functions as a result of interacting with defined
partner proteins. In PNAS, Di Modugno et al. (9) identify
hMENA, an actin binding protein of the ENA/VASP
family, as a novel interacting partner of β-arr1 critical
for endothelin-1 (ET-1) and its cognate receptor ET1AR
signaling in ovarian cancer cell invasion and metasta-
sis (Fig. 1). Using elegant biochemical and cellular im-
aging approaches, the authors convincingly show a
required role for β-arr1 in ET-1–regulated assembly
of an ET1AR/β-arr1/hMENA complex, invadopodia
maturation, and ovarian tumor invasion and metasta-
sis. Clinical relevance of the cell- and animal-based
conclusions are established with bioinformatics analy-
sis of human patient datasets. Using Kaplan–Meier
analysis and the log-ranked test showed that expression
level of EDRNA (the gene encoding ET1AR) was pre-
dictive of overall survival and progression-free sur-
vival in patients diagnosed with high-grade serous
carcinoma (HGSC). Remarkably, the high EDRNA,

ARRB1 (gene encoding β-arr1), and ENAH (gene encod-
ing hMENA) expression signature correlated with worse
overall survival and progression-free survival, in compar-
ison with the expression level of each individual bio-
marker. These results imply the potential use of this
gene signature as prognostic for serious ovarian cancer
and ET1AR/β-arr1/hMENA signal axis as a druggable tar-
get to treat the so far incurable disease.

Ovarian cancer ranks fifth in cancer deaths among
women in the United States, and this year alone 22,240
American women will be diagnosed with ovarian cancer
and 14,070 will die from the disease (10). Worldwide,

Fig. 1. Model for β-arrestin regulation of invadopodia
maturation and cytoplasmic protrusions. Activated
ET1AR promotes the β-arr1/hMENA/PDZ-RhoGEF
complex formation and activation of RhoC. The β-arr1/
hMENA also activates Src to phosphorylate cortactin
that is required for invadopodia maturation. In kidney
cancer cells, β-arr1 regulates cell migration through the
inhibition of the rasgrf2 gene. RasGRF2, a dual Ras/Rac
GEF, activates Rac to promote actin polymerization
through dephosphorylation and activation of cofilin. This
leads to the formation of multiple protrusions and
increased circularity of cells with a consequent decrease
of directional cell migration. Activation of β2AR also
promotes β-arr2–dependent activation of p115RhoGEF
and RhoA, leading to focal adhesion remodeling in
lamellipodia and directed cell migration.
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ovarian cancer is diagnosed in about 250,000 women annually
and causes more than 140,000 deaths each year. The majority (85–
90%) of ovarian cancers are classified histopathologically as epithelial
ovarian carcinomas with the HGSC type being the most common.
HGSC accounts for 70–80% of ovarian cancer deaths and associates
with aggressive metastatic behavior (11). The standard of care for
patients newly diagnosed with organ-confined ovarian cancer is surgi-
cal resection and debulking of the tumor mass, sometimes together
with peritoneal organs, including both ovaries. Often, patients
present with advanced disease and the most active therapeutic
agents are platinum analogs and a taxane. Recurrence of cancer
after initial platinum-based therapy is common and patients invari-
ably develop platinum-resistant disease. Recurrent ovarian cancers
exhibit a spectrum of genetic mutations and the available therapies
target blood vessel formation (e.g., pazopanib) or DNA repair
and genomic stability (e.g., olaparib). Nonetheless, only minimal
improvement in the mortality has been observed over the past
decade, pointing to the molecular complexity of ovarian cancer
and resultant obstacles in developing effective therapies (11). Di
Modugno et al. (9) used complementary strategies of gene over-
expression and knockdown, together with pharmacologic acti-
vators and inhibitors, to credibly implicate ET1AR, β-arr1, and
hMENA as mediators of HGSC invasion and metastasis. To impli-
cate ET1AR, the authors used macitentan, a dual ET1AR/ET1BR ligand
antagonist, and showed that treatment with macitentan obliterated
the ET-1–induced expression of hMENA and proinvasive isoform
hMENAΔv6, but decreased expression of the antiinvasive hMENA11a

isoform. Moreover, Di Modugno et al. show that macitentan inhibited
the ET-1–induced hMENA/hMENAΔv6 protein complex formation
with β-arr1. Macitentan was isolated based on its ability to block
Gαq signaling and mobilization of intracellular Ca+2 following stimula-
tion with ET-1 (12), and the present results (9) clearly show that it can
also inhibit signaling through β-arr1 as well. Considering the emerging
field of biased ligands on GPCRs (13) that favor (or inhibit) signaling by
a given GPCR through heterotrimeric G proteins or β-arrestins, these
findings provide a platform and opportunity to discover a more selec-
tive β-arr1–biased ligand antagonist on ET1AR (and not ET1BR, which is
known to be expressed on ovarian cancer). Identification of such
biased antagonist would be expected to have a more optimal
clinical profile than macitentan to interfere with ovarian cancer
metastasis. This could be especially relevant, as macitentan was
reported to cause unwanted side effects, like dizziness, anemia,
and embryo-fetal toxicity.

Although β-arr1 and β-arr2 exhibit a high degree of sequence
homology and functional overlap, they have distinct subcellular
distribution (14). Whereas β-arr2 is detected strictly in the cytosol
(as a result of encoding a nuclear export signal), β-arr1 is found in
both the cytosolic and nuclear compartments. The nuclear expres-
sion of β-arr1 implies a potential role in transcription regulation,
and previous work has shown that nuclear β-arr1 interacts with
transcription regulators, including p300 (15), E2F (16), β-catenin
(8), and HIF-1α (17) to regulate expression of their target genes.
In PNAS, Di Modugno et al. (9) report that stimulation with
ET-1 promotes ENAH gene expression in a manner that is de-
pendent upon expression of β-arr1, but not β-arr2. Moreover,
the authors show that the ET-1/ET1AR/β-arr1 axis differentially
regulates expression of hMENA isoforms: stimulation of ovarian

cancer cells with ET-1 increases expression of the wild-type and
proinvasive hMENAΔv6 isoform but decreases expression of
antiinvasive hMENA11a. ET1AR is a class A GPCR (18) and, as
such, it is likely that β-arr1 subcellular distribution following ET-1
stimulation is independent of the receptor trafficking. It re-
mains to be determined whether ET-1 promotes the nuclear
distribution of β-arr1. Nonetheless, these observations imply
that β-arr1 controls invasion and metastasis of ovarian cancer
cells, at least in part, through its nuclear activity that regulates
ENAH expression.

In addition to invadopodia, productive cancer cell invasion
involves cell polarization and the formation of leading and trailing

In PNAS, DiModugno et al. identify hMENA, an
actin binding protein of the ENA/VASP family, as
a novel interacting partner of β-arr1 critical for
endothelin-1 (ET-1) and its cognate receptor
ET1AR signaling in ovarian cancer cell invasion
and metastasis.

edges that require actin cytoskeletal remodeling. The best-
studied mediators of actin cytoskeletal remodeling are Rho
GTPases, whose expression and activities are regulated by
β-arrestins. Rho GTPases include RhoA, RhoB, and RhoC. In par-
ticular, RhoC plays a critical role during tumor metastasis and has
been identified as a biomarker for invasive breast cancer (19).
Work in renal cell carcinoma has shown that β-arrestins regulate
cell migration and invasion downstream of β2-adrenergic recep-
tors (β2AR) (Fig. 1). Here, activation of β2AR induces translocation
of β-arr2 and p115RhoGEF from cytosol to the plasma membrane
and subsequent activation of RhoA, leading to focal adhesion
remodeling for lamellipodia formation and cell migration (20).
Furthermore, activated β2AR induced the β-arr1–mediated ex-
pression of the tumor-suppressor RASGRF2, with consequent ef-
fect on Rac and cofilin activities, actin remodeling, and cell
migration (21). Di Modugno et al. (9) report that ET-1 promotes
relocalization of β-arr1/hMENA/PDZ-RhoGEF from the periphery
in the tips of actin stress fiber-like structures to the cytosol to
colocalize with F-actin/cortactin-enriched microdomains, leading
to the activation of RhoC and invadopodia maturation. Hence,
engaged β-arr1 forms complex with a particular RhoGEF to acti-
vate a Rho GTPase that is required for actin cytoskeleton rear-
rangement and cell invasion. It remains possible that ET-1–
induced activation of the ET1AT/β-arr1/hMENA signaling axis is
involved in the directional movement of ovarian cancer cells by
regulating cytoplasmic protrusions other than invadopodia.

In summary, the work by Di Modugno et al. (9) establishes a
role for ET1AR, β-arr1 and hMENA in HGSC invasion and metas-
tasis. Use of the EDRNA/ARRB1/ENAH-expression signature
may be especially valuable for prognosis of recurrent and
therapy-resistant disease. Moreover, the ET1AR/β-arr1/hMENA
axis may prove to be an effective drug target to treat the so
far incurable HGSC that affects the lives of too many women
and their families.
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