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Solid tumor growth requires the formation of new blood vessels to supply nutrients and oxygen to the malignant cells; one
approach to cancer therapy is to block this process by inhibiting VEGF signaling. In this issue of the JC/, Pasula et al.
demonstrate a surprising role of epsins — proteins involved in endocytosis — in tumor angiogenesis via their modulation
of VEGF signaling. Their findings suggest that these proteins might represent a new target for the development of cancer
therapeutics.
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Are epsins a therapeutic target for tumor

angiogenesis?
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Solid tumor growth requires the formation of new blood vessels to supply
nutrients and oxygen to the malignant cells; one approach to cancer therapy
is to block this process by inhibiting VEGF signaling. In this issue of the JCI,
Pasula et al. demonstrate a surprising role of epsins — proteins involved in
endocytosis — in tumor angiogenesis via their modulation of VEGF signal-
ing. Their findings suggest that these proteins might represent a new target
for the development of cancer therapeutics.

Angiogenesis is the formation of new capil-
lary blood vessels and is a critical compo-
nent of solid tumor growth (1). Once a new
tumor reaches just a few cubic millimeters
in size, further growth must be preceded by
angiogenesis. Tumor cells secrete soluble
factors that stimulate vessel growth and/or
suppress factors that prevent angiogenesis.
These factors act upon endothelial cells to
promote their proliferation and migration,
resulting in sprouting and tube formation;
those tubes then develop into vessels.
Although tumor angiogenesis can be
understood as a process required to sus-
tain a cancer’s blood supply, the vascu-
lar network induced as a result of tumor
angiogenesis is highly aberrant, altering the
tumor microenvironment and profoundly
influencing the manner in which cancers
grow, escape the host’s immune system,
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and metastasize (2). Unlike the organized
microvasculature of normal tissue, tumor
microvessels are dilated and tortuous, with
disorganized patterns of interconnection
and branching (3). The erratic tumor vascu-
lature and the resultant hypoxia have addi-
tional consequences for tumors: cancer cells
undergo epigenetic changes in hypoxic con-
ditions that accelerate their malignant phe-
notype and the epithelial-to-mesenchymal
transition, producing a greater metastatic
potential (2). In addition, the cytotoxic
functions of immune cells that infiltrate a
tumor are compromised in hypoxic and low
pH conditions, further contributing to the
malignant phenotype (4).

VEGF family

An essential mediator of angiogenesis is the
VEGF family, which consists of five fam-
ily members of secreted proteins (VEGFA,
VEGFB, VEGEC, VEGFD, VEGFE, and
PDGF) (S), that bind and activate three
receptor tyrosine kinases (VEGFRI, -2,
and -3) (6) which in turn mediate cell sig-
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naling. VEGFR2 is the key mediator of
VEGF-stimulated tumor angiogenesis.
When VEGF ligands VEGFR2, the recep-
tor is phosphorylated and activates down-
stream signaling molecules, resulting in
endothelial cell proliferation, migration,
tube formation, and the induction of
antiapoptotic gene expression (7). VEGF
signaling also causes tortuous vasculature
formation and vascular leakage in tumors.

Inhibiting VEGF is a therapeutic

strategy to inhibit tumor growth

With the discovery of VEGF as a major
driver of tumor angiogenesis, efforts have
focused on the development of therapeu-
tics to inhibit VEGF activity, with the goal
of inducing tumor regression by starva-
tion. In 2004, a humanized monoclonal
antibody to VEGFA, bevacizumab (Avas-
tin; Genentech), became the first FDA-
approved antiangiogenic drug in the Unit-
ed States (8). It was approved as a first-line
treatment agent for metastatic colorectal
cancer, in combination with 5-fluorouracil
(9), and was subsequently approved for
treatment of metastatic non-squamous-
cell lung cancer, breast cancer, and glio-
blastoma multiforme (10). FDA approval
was withdrawn for metastatic breast cancer
because follow-up studies failed to show an
improvement in overall survival. Addition-
al FDA-approved drugs that block VEGF
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Epsins mediate VEGFR2 ubiquitination and endocytosis. (A) VEGFR2 receptors on the plasma
membrane undergo ubiquitination as a result of VEGF binding. Ubiquitinated receptors bind to
proteins called epsins through a ubiquitin-interacting motif. (B) In EC-iDKO mice, the epsins
are inactivated, blocking VEGFR2 receptor degradation. As a result, there is increased VEGF/
VEGFR2 signaling, resulting in aberrant nonfunctional vessels that do not support tumor growth.

signaling are sorafenib and sunitinib, both
receptor tyrosine kinase inhibitors, which
are administered orally. Sorafenib has been
approved for unresectable hepatocellular
carcinoma and advanced renal cell carcino-
ma, whereas sunitinib has been approved
for gastrointestinal stromal tumors and
metastatic renal cell carcinoma (8) and
neuroendocrine tumors (11).

Although VEGF blockade is an attractive
strategy to inhibit angiogenesis, an impor-
tant problem in the field of angiogenesis
is that not all patients’ tumors respond
to anti-VEGF therapy, and of those that
respond, most eventually progress (12).
Therefore, there is a critical need for better
understanding of the molecular regulation
of angiogenesis to uncover new therapeutic
targets to treat patients with tumors who
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do not respond to anti-VEGF therapy. The
study in this issue by Pasula et al. (13) sheds
new light on our understanding of VEGF
regulation of angiogenesis via epsin 1
and epsin 2, and uncovers potential new
therapeutic targets for inhibiting angio-
genesis and tumor growth.

Role of epsins in angiogenesis

Endocytosis is a complex process in which
a portion of the plasma membrane buds
inwards toward the cytoplasm to form
a small vesicle that contains both cel-
lular membrane and proteins as well as
extracellular fluid (14). Several years ago,
the epsin family of evolutionarily conserved
proteins was discovered on the basis of their
ability to bind and link various cell-surface
receptors with the endocytic machinery.
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Like their binding partners, the epsins were
found to be necessary for endocytosis (15,
16). Epsins 1 and 2 are expressed in all tis-
sues (15). Mice lacking either epsins 1 or 2
exhibit no abnormal phenotype, indicating
that the proteins have redundant functions.
However, epsin 1 and 2 double-KO mice
(DKO) die at embryonic day 10 and display
profound defects in embryonic vascular
development (9). Although an abnormal
vascular phenotype is prominent in DKO
embryos, it is unclear by which mecha-
nism and in which cell type epsins 1 and 2
are required for angiogenesis. In addition,
the role of epsin-regulated angiogenesis in
adult animals remained to be addressed.

New experimental findings

Pasula et al. (13) investigated the role of
endothelial epsins 1 and 2 in the adult vas-
cular system by generating a mouse model
in which epsins 1 and 2 may be inducibly
deleted in endothelial cells (EC-iDKO)
under control of tamoxifen and tested
their role in tumor growth in both subcu-
taneously implanted tumors and sponta-
neous tumor models. Tumors implanted
into WT mice grew faster than those in EC-
iDKO mice, and there was decreased tumor
incidence in EC-iDKO in the spontaneous
models, demonstrating a role of epsins 1
and 2 in tumor growth. Additionally, the
tumor vasculature in EC-iDKO tumors was
larger than in WT tumors and was highly
disorganized and tortuous with negligible
mural cell coverage, suggesting that these
tumor vessels were more fragile and imma-
ture. The enlarged EC-iDKO tumor vessels
were poorly perfused and exhibited exten-
sive extravascular leakage.

Pasula et al. postulate that this nonpro-
ductive leaky angiogenesis may lead to
impaired oxygen and nutrient supply and
thus decreased tumor growth in EC-iDKO
mice. They investigated how VEGF signal-
ing was altered and found no difference
in VEGF levels between EC-iDKO tumors
and WT; however, the level of total and
phosphorylated VEGFR2 was strikingly
increased. No change was detected for
other receptors implicated in angiogenic
pathways, including PDGFR-, TGF-pR1,
and EGFR in EC-iDKO tumors compared
with WT tumors, suggesting that loss
of endothelial epsins 1 and 2 selectively
affects VEGFR2 signaling. The research-
ers found that VEGF promotes binding
of epsin to VEGFR2 via epsin’s ubiquitin
interacting motifs. Loss of epsins 1 and
2 specifically impaired endocytosis and
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degradation of VEGFR2 and subsequently
resulted in excessive VEGF signaling that
compromised tumor vascular function by
exacerbating nonproductive leaky angio-
genesis (Figure 1).

Conclusions and future directions
Our understanding of VEGF signaling to
date suggests that overexpression of VEGF
induces angiogenesis which increases
tumor growth. It has been well demon-
strated that tumor microvessels are phe-
notypically abnormal, with increased
tortuosity, yet the net result is the promo-
tion of tumor growth and metastasis (2).
Pasula et al. (13) have shed new light on
the intricacies involved in the regulation
of VEGF signaling in tumors, showing
that overstimulation of VEGF/VEGFR2
signaling results in dysfunctional leaky
vessels that do not sustain tumor growth.
Normally, this is prevented by a feedback
mechanism whereby VEGF activation of
VEGFR?2 induces VEGRR2 ubiquitination
(mediated by epsins 1 and 2) controlling
the extent of VEGF signaling, so that func-
tional vessels are formed. Inhibiting epsins
could lead to overstimulation of VEGFR2,
with resultant formation of nonfunction-
al vessels. Thus, the regulation of VEGF
ubiquitination of VEGR2 by epsin 1 and
epsin 2 suggests a potentially new thera-
peutic strategy to inhibit tumor growth.
This intriguing finding raises additional
questions. First, would blocking epsins be
beneficial for patients with tumors that are
resistant to anti-VEGF therapies? Resis-
tance to anti-VEGF therapies is associated
with increased signaling through paral-
lel pathways (e.g., PDGF) (12). Whether
tumors that have become resistant to
anti-VEGF therapy have altered the VEGF-
mediated VEGFR2 ubiquitination pathway
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is unknown, and further studies of tumors
resistant to anti-VEGF therapy are needed
to determine whether blocking epsins 1
and 2 would be similarly effective in anti-
VEGF resistant tumors. Second, what is the
effect of the aberrant, leaky tumor vessels
on intravasation of tumor cells into the cir-
culation? Because of their leakiness, tumor
vessels are a route of tumor dissemination.
Are tumor vessels in EC-iDKO mice asso-
ciated with an increased or decreased rate
of tumor metastases? These questions are
important in evaluating the value of epsins
as a therapeutic target.

One of the advantages of anti-VEGF
therapy is normalization of the tumor vas-
culature, which allows better delivery of
chemotherapy to the tumor (3). Although
targeting epsins may be a novel therapeutic
strategy for inhibiting tumor angiogenesis,
a potential disadvantage of this approach
is that it is likely that, because there is
decreased tumor perfusion, this therapy
would not be additive or synergistic in
combination with cytotoxic chemothera-
py. One could speculate that the aberrant
underperfused tumor vessels induced by
blocking epsins 1 and 2 would not allow
for efficient delivery of chemotherapy to
the tumor. This would suggest that block-
ade of epsins 1 and 2 might be more appro-
priate in patients who have failed cytotoxic
chemotherapy rather than as a first-line
therapy. Additional studies are needed to
determine whether epsins are a viable ther-
apeutic target for cancer.
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