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The Eph receptor tyrosine kinase family is activated by binding to their cognate ephrin ligands and represents

important components of signalling pathways involved in animal development.
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1. Introduction

The Eph family of receptor tyrosine kinases (RTKs), involved in signalling pathways that are key to embryogenesis

and tissue patterning, have been implicated in the oncogenesis of a number of cancers. Generally, this involves

their aberrant expression, allowing them to act as either tumour promoters or tumour suppressors, depending on

the context . Eph receptors have been described to play a role in breast cancer, colorectal cancer, lung cancer,

prostate cancer and brain cancer . In addition, more recent evidence for the involvement of Eph receptors in

Kaposi’s sarcoma (KS) , the most common acquired immune deficiency syndrome (AIDS)-related malignancy

worldwide, has been investigated . Understanding the oncogenic mechanisms of Eph receptors, however, proves

to be a challenge due to the fact that both canonical and noncanonical pathways exist. The most well-characterised

example of this is for EphA2, where the classical ligand- and tyrosine kinase-dependent signalling mechanism is

accompanied by a pathway in which tumour promotion is achieved independently of ligand or tyrosine kinase

activation of the receptor .

2. Eph Receptor Structure and Signalling

Eph receptors are type-I transmembrane proteins with a structure that is generally conserved. The ligand-binding

domain, cysteine-rich region and two fibronectin type III repeats compose the extracellular domain of the receptor,

while the intracellular region is made up of a juxtamembrane domain, a protein tyrosine kinase (Pkinase-Tyr)

domain, a sterile alpha motif (SAM) and a C-terminal PDZ-binding motif (Figure 1) . There are two classes of

Eph receptors, grouped according to the ligands they preferentially bind. While there are a few exceptions, EphA-

type receptors bind ephrin-A ligands and the EphB-type receptors bind ephrin-B ligands (Figure 1) . The ephrin

ligands are generally membrane-bound, and it is the difference in anchorage that distinguishes the two classes.

Ephrin-A ligands are attached to the membrane via a glycophosphatidylinositol anchor; this is in contrast to the

ephrin-B ligands, which have a transmembrane domain, as well as a cytoplasmic region with a PDZ domain .

Heterodimerisation upon interaction between an Eph receptor and its ephrin ligand is followed by the formation of

tetrameric complexes, leading to receptor tyrosine phosphorylation and kinase activation . A unique feature of

Eph-ephrin signalling is that it is bidirectional. Conventional forward signalling is that already mentioned, in which
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the signal is transduced in the receptor-expressing cell. Reverse signalling, on the other hand, involves a signal

transduction cascade in the ephrin-expressing cell. For example, upon Eph receptor engagement, the cytoplasmic

tail of the ephrin-B ligand becomes tyrosine phosphorylated and can then interact with signalling molecules that

contain SRC-homology-2 domains .

This signalling plays a role in a number of biological processes important for both development and homeostasis.

By modifying cell adhesion and the organisation of the actin cytoskeleton, Eph signalling controls cell morphology

and migration. Eph signalling also affects cell proliferation and differentiation . Many of these functions are

also important in cancer development, when well-controlled functions become dysregulated. Hence, in addition to

their expression in normal tissues, Eph receptors are expressed in cancer cells and the tumour microenvironment

where they are involved in processes related to tumorigenesis and metastasis . Expression in tumours,

however, is not always increased, and the downregulation of certain Eph molecules in a number of malignancies

suggests that Eph receptors can act as both tumour promoters and suppressors .

Figure 1. The general structure of the Eph receptors and ephrin ligands. Both the ephrin-A and ephrin-B ligands

are depicted here. Figure created with BioRender.com.

3. EphA2 and Oncogenesis

EphA2, for example, plays an important role in a number of cancers ; however, its role is context-dependent, and

it can act as either a tumour promoter or tumour suppressor. There has been an accumulation of evidence that

shows that EphA2 possesses peculiar modes of signalling and it may be that these underscore its opposing

functions . EphA2 has both canonical and non-canonical modes of driving oncogenesis (Figure 2). The canonical
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pathway involves ligand-and tyrosine kinase-dependent forward signalling via EphA2, which suppresses

tumorigenesis. It does so through the inhibition of FAK, Akt and ERK phosphorylation, thereby controlling cell

motility and survival . For example, upon EphA2 autophosphorylation, it can no longer associate with FAK to

cause phosphorylation and activation. FAK has been implicated in the growth of breast cancer cell lines and its

deactivation resulted in reduced oncogenic activity . Importantly, this mechanism is specifically reliant onTyr772

phosphorylation, highlighted by the fact that a phosphorylation-abrogating Tyr772 mutation resulted in increased

transendothelial migration . Consequently, a low level of EphA2 forward signalling promotes tumorigenicity. In the

context of breast cancer, this could be due to low ephrin expression, an impaired EphA2-ephrin-A1 interaction due

to loss of cadherin, or dephosphorylation of Tyr772 by LMW-PTP . A good example of this duality has been

identified with regards to mesothelioma. Here, EphA2 activation by ephrin-A1 is associated with suppressed

tumorigenesis. However, in mesothelioma cell lines, EphA2 was found to be overexpressed, and therefore, in the

absence of sufficient ligand, the signalling of other RTKs through the Ras oncogene results in the promotion of

malignancy .

The noncanonical pathway, conversely, involves the ligand- and tyrosine kinase-independent activation and

phosphorylation of EphA2. This is regulated by inflammatory cytokines and growth factors via phosphorylation of

EphA2 at Ser897, with induction of this phosphorylation carried out by RSK, Akt and protein kinase A (PKA) . The

effects of this phosphorylation include localisation of EphA2 at the leading edge of migrating cells, allowing for actin

cytoskeleton assembly and the formation of lamellipodia , thereby leading to the promotion and maintenance of

certain cancer cell features such as motility and proliferation . A recent demonstration of the noncanonical EphA2

action was focused on its role in the oncogenesis of bladder cancer. Here, the growth factor progranulin was found

to be the predominant EphA2 ligand and was upregulated compared to ephrin-A1, which was expressed at normal

levels. Stimulation of EphA2 by progranulin resulted in Ser897 phosphorylation, allowing for interaction with liprin-

α1, a protein that is necessary for cell motility to occur in this case .
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Figure 2.The canonical and noncanonical oncogenic mechanisms of EphA2. Phosphorylated residues are

indicated with red circles; Y = tyrosine, S = serine. Figure created using BioRender.com
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