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This is a Commentary on an article in BJP by Hassan-
Mohamed et al., 2014; 171: 5195–5208. The term angiogen-
esis is generally applied to the growth of microvessel sprouts
the size of capillary blood vessels, a process that is orches-
trated by a range of angiogenic factors and inhibitors. From
embryonic development to adulthood, blood vessels play a
fundamental physiological role in supplying oxygen and
nutrients, removing catabolic waste, and circulating cells for
immune surveillance. However, aberrant angiogenesis occurs
in a range of diseases that could be classed together as
‘angiogenesis-dependent diseases’. Angiogenesis is an early-
to midstage event in many human cancers and is crucial for
tumours to grow beyond a microscopic size and metastasize
to distant sites throughout the body (Folkman, 2007).

In 1971 Judah Folkman hypothesized that starving a
tumour of its blood supply may be therapeutic. Since then,
much effort has focused on identifying new therapeutic

agents that inhibit pathological angiogenesis. Most of the
anti-angiogenic agents that have entered the drug develop-
ment pipeline in the past decade target the main pro-
angiogenic VEGF signalling pathway, at the level of the
ligand and its receptors (VEGFR) (Moreno Garcia et al., 2012).
Antibody-mediated inhibition of VEGF using bevacizumab is
currently the predominant mode of VEGF-targeted therapy,
although drugs that inhibit VEGF receptor tyrosine kinase
activity (such as sunitinib and sorafenib) are also used (Goel
and Mercurio, 2013). However, in both preclinical and clini-
cal settings, resistance mechanisms have limited the long-
term benefit of VEGF-targeted strategies. The main
mechanisms of the resistance to VEGF signalling blockade
include signalling by redundant receptors, such as the fibro-
blast growth factors, angiopoietin-1 and ephrins. Hence, cur-
rently research has mainly focused on how to improve
existing anti-angiogenic therapies, and data from preclinical
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studies suggest that combined inhibition of different pro-
angiogenic factors could be a suitable strategy.

EPH receptors (Eph), the largest family of receptor tyros-
ine kinases (see Alexander et al., 2013), and their cell-bound
ephrin ligands represent an essential cell communication
system with widespread effects on the actin cytoskeleton, cell
shape and motility, cell–cell and cell–matrix contacts in a
number of biological processes. In addition, effects on cell
proliferation, survival, differentiation and secretion have also
been demonstrated. The 16 EPH receptors and 9 ephrins are
divided into two subclasses A or B based on binding proper-
ties and structural homologies. Although class A receptors
preferentially bind A-type ligands and the class B receptors
bind B-type ligands, some interclass binding examples exist.
Because both receptors and ligands are membrane-bound,
their interactions at sites of cell–cell contact initiate unique
bidirectional signalling cascades that affect both receptor-
and ephrin-expressing cells. The signalling downstream of
the EPH receptor is referred to as ‘forward’ and the signalling
downstream of the ephrins is referred to as ‘reverse’.
Although bidirectional signalling is their best characterized
modus operandi, EPH receptors and ephrins may also func-
tion independently of each other and/or in concert with
other cell-surface communication systems such as receptors,
adhesion molecules, channels and cell-surface proteases
(Mosch et al., 2010; Boyd et al., 2014).

The Eph/ephrin system is widely expressed in embryogen-
esis and has a leading role in the developmental tissue pat-
terning, in particular in the CNS and CVS. Additionally, it is
a crucial regulator of many physiological activities in the
adult, including the plasticity and regenerative capacity of
the nervous system, angiogenesis, glucose homeostasis,
immunological and inflammatory host responses, intestinal
homeostasis, bone morphogenesis and stem cell plasticity.
Eph/ephrin signalling not only has a role in physiological,
but also in pathophysiological processes; an imbalance in the
Eph/ephrin system has been reported in a variety of patholo-
gies, such as cancer, diabetes and Alzheimer’s disease
(Pasquale, 2008).

Currently, the most intensely studied function of the
Eph/ephrin system is that during development and progres-
sion of different cancers. The expression of many ephrins and
EPH receptors is aberrant in several human carcinomas and
their functions have been implicated in tumour progression,
angiogenesis and metastasis of a large range of epithelial
and mesenchymal carcinomas. The mechanisms that control
the expression and function of Eph/ephrins are somatic
mutations, epigenetic silencing and mRNA stability. The
up-regulation and/or down-regulation of Eph/ephrin pro-
teins in many human cancers highlight the complexity of the
Eph/ephrin system in tumour progression and metastasis.
EPH receptors do not behave like classical oncogenic growth
factor receptors and the dichotomy of the ephrin system
between oncogenic and anti-angiogenic properties have been
well described for EPH receptors B2 and B4 (EphB2 and
EphB4). Overexpression of these EPH receptors in colon,
breast and endometrial cancers correlates with tumour cell
survival, disease progression and poor disease outcomes. In
contrast, other studies have suggested that activated EphB4
triggers breast cancer cell apoptosis and is tumour suppressive
in colon cancer (Noren and Pasquale, 2007; Boyd et al., 2014).

Besides being expressed in cancer cells, EPH receptors and
ephrins are also present in the tumour vasculature, where
they promote angiogenesis, an important facet of cancer.
Based on a series of in vitro and in vivo experiments with
mouse tumour models, the main roles in tumour angiogen-
esis have so far been attributed to EphA2 forward signalling
and ephrin-B2 reverse signalling. Interestingly, EphA2
appears to be required for VEGF-induced endothelial cell
migration and assembly into capillary-like structures (Chen
et al., 2006). The prominent role of ephrin-B2 and its receptor
EphB4 in tumour-derived angiogenesis and tumour growth
has also been well documented. In particular, ephrin-B2
reverse signalling regulates endothelial tip cell guidance
through the regulation of VEGFR2 internalization, a key
event in the VEGFR activation and downstream signalling
pathway. Impaired signalling decreases tumour vasculariza-
tion and growth suggesting that ephrin-B2-mediated reverse
signalling inhibition might be an alternative or combinato-
rial anti-angiogenic therapy to disrupt VEGFR2 function in
tumour angiogenesis (Sawamiphak et al., 2010).

Numerous strategies have been employed to target the
Eph–ephrin system and several are currently under preclini-
cal or clinical testing: monoclonal antibodies functioning
either as agonists or antagonists of specific EPH receptors,
fusion proteins interfering with the Eph–ephrin interaction,
small molecules blocking the EPH receptor downstream sig-
nalling and small interfering RNAs for inhibiting the expres-
sion of EPH receptors. Antibody-based therapeutics targeting
EPH receptors found to be overexpressed in specific cancers,
show anti-angiogenic as well as antitumour effects. Despite
the fact that the first clinical trial targeting EphA2 has been
terminated because of drug toxicity, results from preliminary
studies support the targeting of EphA3 as a therapy for hae-
matological cancers. Fusion proteins functioning as agonists
utilize the suppressive role of EphB2 and EphB4 in colon,
breast and prostate tumours, while the oncogenic role of
EphA2 has lead to the development of proteinic antagonists.
Several kinase inhibitors aimed primarily at other targets
have been shown to target the activity of EPH receptors and
are currently undergoing clinical or preclinical evaluations as
standalone drugs or in combination with chemotherapy.
However, the limited efficacy and specificity of ATP-
competitive agents may represent important obstacles in
their clinical applications (Boyd et al., 2014).

Alternatively, a group of small molecules that inhibit the
interaction between ephrin and the EPH receptor is currently
under development. These molecules have several advan-
tages, in that they may inhibit the bidirectional signals, their
action does not depend on cell membrane permeability and
can be designed for increased specificity. Among them, litho-
cholic acid, a secondary bile acid, has been used as the basis
for the development of small molecules targeting the ephrin
system. In a recent paper in British Journal of Pharmacology,
Hassan-Mohamed et al. (2014) report on a novel protein–
protein inhibitor that disrupts the interaction between
EphA2 and ephrin-A1 at low micromolar concentrations.
Using a computational approach, based on a tryptophan
(Trp)-conjugate of lithocholic acid, the authors investigated
for molecules with higher affinity for EphA2. Thus, they
designed and synthesized an Eph–ephrin inhibitor
(UniPR129) predicted to interact more efficiently with the
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ligand-binding pocket of the receptor. Indeed, pharmacologi-
cal and biochemical analyses verified the ability of a modified
Trp on UniPR129 to potentiate this interaction. In the same
line, in vitro studies revealed that this compound inhibited
the activation of EphA2 in cells. Importantly, at low micro-
molar non-cytotoxic concentrations, UniPR129 inhibited the
ability of endothelial cells to migrate and form capillary-like
tubes in vitro, two features required for angiogenesis in vivo.
While its in vivo efficacy remains to be determined,
its increased affinity for EPH receptors in combination
with the lack of cytotoxic effects renders this new
lithocholic acid derivative a candidate anti-angiogenic agent
(Hassan-Mohamed et al., 2014).

With our current understanding of the causative role of
specific ephrins and EPH receptor family members in differ-
ent diseases, the question remains as to the specificity and
efficacy of therapeutic targeting. Given the involvement of
the Eph–ephrin system in the function of various organs,
restricting the effects of a potential inhibitor in the diseased
tissue or limiting its toxicity are emerging tasks.
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