
Circulating levels of cadherins are associated with atherosclerosis and cardiovascular outcomes

Cadherins are a large family of cell adhesion molecules, known for
their “calcium-dependent adhesion” properties, that play crucial roles in
maintaining cell-cell junctions and tissue integrity. There are several
types of cadherins, and they are classified into various subfamilies based
on their structure, function, and expression patterns.

There are over 100 different types of cadherins identified in humans,
including classical cadherins, desmosomal cadherins, protocadherins,
and other atypical cadherins (Table 1). Each of these types has distinct
roles in tissue development, maintenance, and function [1–3]; more-
over, changes in the function and expression of various cadherins are
well-documented in different types of cancer.

The role of cadherins in cardiovascular disease progression is not
fully understood. Generally, normal tissue development requires dy-
namic intercellular contacts. These contacts are crucial for forming the
coronary artery wall and vascular smooth muscle (VSM) layers. VSM
cells are vital for vascular health and disease by influencing vascular
tone. Shear stress regulates vessel tone, initiating a myogenic response
to ensure optimal blood flow and protect vessels frommechanical injury.
In VSM cells, cadherins and integrins interact with mechanosensitive
molecules. Cadherin expression changes in VSM during vascular dis-
eases and contributes to the molecular control of VSM phenotype and
functions. The transition from differentiated to dedifferentiated VSM
phenotypes typically depends on vascular injury and disease progres-
sion. Cadherins vary in tissue expression and functions.

The functions and molecular activities of the cadherin superfamily
have been studied in experimental models and in vitro in the context of
cardiovascular diseases. In this issue of JMCC Plus, Nadezhda G.
Gumanova and colleagues [4] show the associations of three specific
cadherins, namely P-, E-, and H-cadherin, with the severity of coronary
atherosclerosis and certain cardiovascular outcomes, such as the relative
risk of cardiovascular events and unplanned recurrent revascularization.
E-cadherin, P-cadherin, and H-cadherin differ in their tissue distribu-
tion, function, and structural characteristics.

E-cadherin (Epithelial cadherin) is widely expressed in epithelial
tissues, where it is a key component of adherens junctions. It is partic-
ularly abundant in the skin, gut, and other epithelial linings. E-cadherin
is crucial for maintaining the integrity and polarity of epithelial cell
layers. It mediates strong, calcium-dependent cell-cell adhesion, which
is essential for tissue architecture and barrier function. E-cadherin also
plays a role in signal transduction, influencing cell differentiation,
proliferation, and migration. E-cadherin is well-studied in the context of
cancer [5] and is recognized as an active suppressor of the growth of
many epithelial cancers [3]. Its loss or downregulation is a hallmark of

epithelial-to-mesenchymal transition (EMT), a process associated with
increased invasiveness and metastasis in epithelial cancers. Germline
mutations in the CDH1 gene encoding E-cadherin are linked to heredi-
tary diffuse gastric cancer and lobular breast cancer. The degradation of
E-cadherin due to oxidative stress has been observed in the metastasis of
hepatocellular carcinoma [6].

P-cadherin is predominantly found in the placenta, but it is also
expressed in other tissues such as the basal layer of the epidermis, mam-
mary gland epithelium, prostate, and some parts of the heart. P-cadherin
plays a key role in the development and maintenance of tissues where it is
expressed, particularly in areas requiring strong adhesion between cells,
such as in the formation of the placenta and in epithelial-mesenchymal
interactions during development [7,8]. It is involved in processes such
as cell migration and wound healing. Abnormal expression of P-cadherin
has been associated with various cancers, including lung, ovarian, breast,
skin, and bladder cancers. In some cancers, P-cadherin is upregulated and
may contribute to tumor progression and metastasis [9].

H-cadherin (Heart cadherin), also known as cadherin-13 or T-cad-
herin [10], is primarily expressed in the heart and vascular tissues, but it
is also found in the brain, liver, and some epithelial tissues [11–13].
Unlike classical cadherins, H-cadherin lacks the transmembrane and
cytoplasmic domains typical of cadherins and is anchored to the cell
membrane via a glycosylphosphatidylinositol (GPI) anchor. H-cadherin
is involved in processes such as cell proliferation, migration, and
apoptosis. H-cadherin has been implicated in cardiovascular diseases
and various cancers [14,15]. Its expression is often reduced in tumors,
and is considered a tumor suppressor. Loss of H-cadherin function may
contribute to increased cell motility and invasiveness. Additionally, the
specific signaling pathways involving H-cadherin remain to be clarified.

Gumanova and collaborators measured fasting levels of P-, E-, and H-
cadherins, in the serum samples of 214 patients, who were followed up
for 3 years in order to evaluate their associations with atherosclerosis
[4]. Coronary lesions were evaluated using the Gensini score through
coronary angiography. Serum proteomic profiling was carried out with
antibody microarrays, and the levels of P-, E-, and H-cadherins in the
serum were measured using indirect ELISA. The analysis of the data
revealed that high levels of P- and E-cadherins, along with low levels of
H-cadherin, were linked to the severity of atherosclerosis. Increased
levels of P- and E-cadherins were associated with a higher incidence of
nonfatal cardiovascular events, while E-cadherin was correlated with a
higher incidence of recurrent revascularization over the three-year
follow-up. Spearman rank correlation analysis also revealed various
associations of P-, E-, and H-cadherins with lipid, endothelial, and
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metabolic biomarkers, suggesting that they could serve as potential
markers for assessing cardiovascular risk.

This study has several limitations including the small number of car-
diovascular deaths observed. Consequently, conclusions regarding the risk
of cardiovascular mortality cannot be definitively made. There was also
missing information from patients who did not respond to follow-up,
potentially introducing bias. Furthermore, the exact timing of cardiovas-
cular events was unavailable because some subjects could not accurately
recall the dates, preventing the use of Cox regression analysis. Addition-
ally, previous studies have not measured serum concentrations of cad-
herins in large groups, resulting in a lack of suitable reference standards for
ELISA. To address this issue, the Authors used recombinant cadherin
species (specifically P-cadherin) as a standard [4]. However, cadherins are
complex transmembrane glycoproteins with multiple antigenic epitopes.
Therefore, specific forms of cadherins found in the blood and detected in
the serum may come from various unknown sources and have unknown
structural and antigenic properties. As a result, the reactivity of the re-
combinant reference standard with antibodies may differ from that of the
cadherin species present in the serum. This aspect suggests that the cali-
bration curve and the measured levels of cadherins (particularly P-cad-
herin) based on this curve may not accurately reflect the actual serum
levels, and should be considered as estimates only.

In conclusion, serum levels of P-, E-, and H-cadherins might repre-
sent promising markers for the evaluation of cardiovascular risk.
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Table 1
Classification of the main types of cadherins.

Classical cadherins Atypical cadherins

E-cadherin (Epithelial
cadherin)

Desmosomal cadherins: Desmogleins (DSG1–4),
Desmocollins (DSC1–3).
These cadherins are specialized for cell-cell adhesion
in desmosomes, crucial for the integrity of tissues
that undergo mechanical stress.

P-cadherin (Placental
cadherin)

H-cadherin (Heart) is also known as T-cadherin,
(Truncated) or Cadherin-13

N-cadherin (Neural
cadherin)

Protocadherins:
Clustered Protocadherins (e.g., Pcdhα, Pcdhβ, Pcdhγ)
have a large number of isoforms and are primarily
involved in the regulation of the nervous system.
Non-clustered Protocadherins (e.g., Pcdh7, Pcdh8,
Pcdh9) represent a more diverse group with
individual genes scattered across the genome.

R-cadherin (Retinal
cadherin)

Flamingo cadherins

VE-cadherin (Vascular
Endothelial cadherin)

Fat cadherins

M-cadherin (Muscle
cadherin)

Dachsous cadherins

Each cadherin subtype plays distinct roles in tissue development, maintenance,
and disease, making them essential for various physiological processes and po-
tential targets for therapeutic intervention.
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