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T he cadherins are a superfamily of 
calcium dependant cell surface 
transmembrane glycoproteins, whose 
functional role is cell adhesion at 

adherens junctions (and desmosomes) via  
between 5 and 34 Ca2+binding extracellular 
domains consisting of repeats of   approximately 
110 residues. In addition to this, however, 
cadherins are also involved in tissue 
morphogenesis, general cytoskeletal organization 
and initiating signalling cascades in response 
to adhesion [1,2]. Cadherins fall into two broad 
categories: classical, type 1, which includes 
E-cadherin (CDH1) and N-cadherin (CDH2), and 
type 2, which includes vascular endothelial 
cadherin (CDH5) and K-cadherin (CDH6); involved 
predominantly in homophilic cadherin binding at 
adherens junctions and heterophilic binding at 
desmogleins and desmocollins [3].

Vascular endothelial (VE)-cadherin (VEC; also 
CD144 or cadherin 5) is coded for by the CDH5 
gene at 16q22.1 in humans, and was first shown to 
be expressed by endothelial cells [2,4). This has 
a number of functions: firstly, it is essential for 
endothelial cell adhesion as it is predominantly 
located at adherens junctions in contrast with 
N-cadherin, which is found in similar levels in 
endothelial cells, but diffused over the entire 
cell surface; secondly, a host of agents, including 
vascular endothelial growth factor (VEGF) 
stimulate phosphorylation of the intracellular 
component of VEC, leading to increased 
endothelial permeability; thirdly, VE-cadherin 
has been shown to interact with the platelet–
endothelial cell adhesion molecule (PECAM/CD31), 

facilitating endothelial tube formation [1,5,6] Work 
by Bittner et al. [7] revealed that VE-cadherin is 
overexpressed in aggressive cutaneous- and uveal 
melanoma cells and an extension of this work by 
Hendrix et al. [8] showed that downregulation of 
VE-cadherin in aggressive melanoma cells resulted 
in reduced vasculogenic mimicry (thus possibly 
having an impact on the tumour’s ability to grow). 
VE-cadherin may be involved in the progression of 
a variety of cancers primarily through angiogenic 
processes and the role of VE-cadherin in this 
context merits further investigation. 

VE-cadherin, is a glycoprotein and contains 
seven possible glycosylation sites, all of which are 
subject to N-linked glycosylation [9,10]. Aberrant 
glycosylation has been identified as a hallmark 
of a variety of carcinomas, both invasive and 
non-invasive early cancers. Most investigations 
focusing on the glycosylation of cadherins, 
however, have been limited to E-cadherin, where a 
number of researchers (including in our group) has 
shown aberrant glycosylation of this glycoprotein 
in cancer development and growth [11-14]. 
VE-cadherin, therefore, is uncharted territory with 
respect to altered glycosylation and associated 
links to cancer. This is yet another aspect of this 
glycoprotein that requires further investigation.

Work carried out at the Breast Cancer Research 
laboratory at the University of Westminster aimed 
to add to the literature in terms of examining 
VE-cadherin as a possible biomarker for breast 
cancer. Immunofluorescent studies of three 
cell lines (SKBR3, MCF7 and BT474) using PHA-L 
and anti-VE-cadherin antibody yielded some 
interesting results (Figure 1). BT474 displayed 
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Figure 1- Confocal microscopy images of overlays of MCF7 cells stained with with anti VE-cadherin antibody (Texas Red-conjugated) and the 
carbohydrate binding protein PHA-L (FITC-conjugated) [left]. Staining with same agents on BT474 [right].
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little VE-cadherin on the cell surface 
and intracellular binding of both the anti 
VE-cadherin antibody and lectin (and 
thus, limited levels of cell membrane 
glycosylated VE-cadherin) whilst MCF7 
cells showed both cell membrane and 
intracellular binding of the anti VE-cadherin 
antibody and the lectin. The observations 
fit with the phenotypic growth pattern of 
the BT474 cells which grow in clumps and 
patches, presumably with relatively weak 
adherens junctions. MCF7, on the other 
hand, has definite presence of glycosylated 
VEC at points of cell adhesion. Given the 
previously mentioned role for VE-cadherin 
in cell adhesion; in VE-cadherin positive 
cells it is unusual to detect other types 
of cadherins this may account for the 
concentration of VE-cadherin observed 
at the cell junctions in the MCF7 cells in 
particular [5]. 

A glycoproteomic study using serum 
samples collected as part of the 
DietCompLyf study breast cancer cohort 
found VE-cadherin to be elevated in the 
serum from patients with metastatic 
breast cancer [15-16]. The results provided 
a different but related perspective to the 
experimental results above. Notably, that 

the mean serum VE-cadherin levels in 
study subjects in whom distant metastatic 
recurrence (REC) occurred was significantly 
higher than for those with no sign of 
recurrence (NSR; ~9.33ng mL-1 vs. ~5.33ng 
mL-1). Serum levels of VEGF were shown to 
have elevated mean average levels in REC 
sera (~58pg mL-1 vs. 25pg mL-1). 

VEGF is an important endothelial-cell 
specific angiogenic factor that induces 
tyrosine phosphorylation in endothelial 
cells leading to the the disruption of cell 
adhesion and thus paves the way for the 
vascular permeability required for the 
various processes involved in angiogenesis 
e.g.: the ‘sprouting’ and migration of 
endothelial cells from existing capillaries 
into spaces [17]. VE-cadherin was found 
to be elevated in patients with ER+ve 
cancers exhibiting vascular invasion into 
the tumours and appears to offer utility 
as serum a biomarker of metastasis in this 
group of individuals [16].

The mechanism of interaction between 
VEGF and VE-cadherin (Figure 2) has been 
elucidated and has shown to be through 
a VEGF binding event at the VEGFR2 
receptor, causing activation of the Src-
Vav2-Rac1-PAK pathway, in turn leading 

to the phosphorylation of certain key 
Tyr residues on VE-cadherins [18]. This 
phosphorylation results in β-arrestin-
dependent endocytosis of VE-cadherin 
into clathrin-coated vesicles, thus reducing 
cell adhesion due to reduced levels 
of VE-cadherin at the cell surface [18]. 
Furthermore Lampugnani et al. [19] showed 
that VE-cadherin binds to activated VEGF 
R2 preventing endocytosis of VEGF R2 
(Figure 3) allowing a junction-associated 
transmembrane tyrosine phosphatase, DEP-
1, to inactivate it after a period of time. 
Endocytosis prevents DEP-1 phosphatase-
mediated inactivation, as DEP-1 cannot 
carry out its activity on internalised 
vesicle-contained proteins. All of this has 
implications for breast cancer biology 
including: 
• a reduction in the strength of cell 

adhesion: in a rapidly-replicating 
tumour, this may result in an increased 
chance of metastasis,

• increase in vascular permeability: 
facilitating the growth of new blood 
vessels into the tumour mass, providing 
oxygenation and nutrients for tumour 
growth and further metastasis, and,

• decreased VE-cadherin-VEGF R2 binding: 

Figure 2: Diagrammatic illustration of the mechanism of VEGF-VEGF R2-VE-cadherin interac-
tion. Note the activation of the Vav2-Rac1-PAK pathway by Src recruited by activated VEGF R2. 
This ultimately causes β-arrestin binding at VEC, leading to clathrin-dependant endocytosis.

Figure 3: Illustration of clathrin-coated endocytosis of both VEGF R2 (left/purple) and 
VE-cadherin (right/green). Note the PLCϒ (associated with metastasis) bound to the  
phosphorylated Y1175 residue on VEGF R2.
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resulting in VEGF R2 endocytosis, and, since DEP-1 can no 
longer inactivate it, the activated vesicle-enclosed receptor 
continues signalling via pathways such as that initiated by 
PLCϒ, a metastasis-associated protein [20].

This is a cyclical set of processes that may lead to a self-
sustaining positive-feedback loop. Indeed, this effect has been 
observed, to a certain degree, in work performed by (among 
others) Weis et al. [21]. Thus, increased levels of serum VEGF, 
with correspondingly elevated levels of VE-cadherin is emerging 
as a key marker of metastatic breast cancer.
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