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A network map of endothelin mediated signaling pathway
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Introduction

Endothelins are peptide ligands belonging to the family of 21-
amino acid isopeptides. They get primarily secreted by the
endothelium and are crucially involved in vasomodulation.
There are three types of endothelins, i.e., EDN1 (Endothelin
1), EDN2 (Endothelin 2), and EDN3 (Endothelin 3) encoded
by chromosomes 6, 1 and, 20, which are produced by sequen-
tial cleavage of the respective endothelin precursors. The
endothelins are secreted as an inactive pre-pro-endothelins
mainly in vascular endothelial cells, which then undergoes
subsequent proteolytic cleavage to produce pro-endothelins.
The proteolysis of pro-endothelins into big-endothelins,
which in the case of big-EDN1, is carried out by furin-like
proteases (Barton and Yanagisawa 2008). The conversion of
the inactive precursor peptide, i.e., big-endothelin to the active
endothelin, is carried out by endothelin converting enzymes

(ECEs) or secreted soluble endopeptidases (Barton et al.
2003). Among the endothelins, EDN1 is the most abundant,
primarily secreted by the endothelial cells and other cell types
including, airway epithelial cells, macrophages, fibroblasts
cardiomyocytes, neurons, and vascular smooth muscle cells
(Hynynen and Khalil 2006, Sugo et al. 2001). EDN2 is secret-
ed by ovary, intestinal epithelial cells, whereas EDN3 is
expressed in endothelial cells, brain neurons, renal tubular
epithelial cells and intestinal epithelial cells (Kedzierski and
Yanagisawa 2001, Matsumoto et al. 1989). The endothelins
are known to interact with endothelin receptors, i.e.,
endothelin receptor A (EDNRA) and endothelin receptor B
(EDNRB), both of which belong to the family of G protein-
coupled receptors (GPCRs). EDNRA shows the highest affin-
ity to EDN1 and EDN2 more than that of EDN3, whereas
EDNRB has equal affinities for all endothelin peptides
(Barton and Yanagisawa 2008). The distribution pattern of
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endothelins varies extensively in different organs, which pre-
dict their role in both physiological and pathophysiological
functions. The endothelin-mediated signaling is reported to
differ mainly in normal and pathological conditions
(Miyauchi and Goto 1999). The EDNRA receptor is known
to mediate cellular proliferation, growth, vasoconstriction and
inflammation, resulting in adverse vascular effects. In con-
trast, the EDNRB receptor is involved in vasodilation and
inhibition of growth and inflammation (Luscher and Barton
2000). The opposing roles of ENDRA and EDNRB reiterate
their importance in normal and pathophysiological conditions.
Thereby it necessitates a better understanding of the cellular
response to endothelin receptor signaling.

There is vast literature available on information related to
the molecular cascades involved in endothelin-mediated sig-
nalling however, the information is scattered throughout the
literature. In this regard, we have attempted to bring all the
information related to the endothelin mediated signaling path-
way together in a comprehensive manner. The information on
molecular reactions was categorized into six different types
based on NetPath criteria, based on which we have developed
an extensive map of the endothelin signaling pathway.
Previously, we published pathways including IL-18, seroto-
nin, IL-33, corticotrophin, oncostatin M signaling (Rex et al.
2020, Pinto et al. 2018, Verma et al. 2016, Subbannayya et al.
2013, Dey et al. 2013). Endothelin mediated signaling path-
way is made accessible through the WikiPathways Database
(https://www.wikipathways.org/index.php/Pathway).

Methodology

An extensive literature search was carried out on PubMed
using an appropriate keywords and analysis was performed
over the reports hitherto published the downstream reactions
of all endothelin ligands binding to the endothelin receptors.
Articles were fetched using the following search terms
“endothelin receptor type B “ OR “EDNRB” OR “ABCDS”
OR “ET-B” OR “ET-BR” OR “ETB” OR “ETB1” OR
“ETBR” OR “ETRB” OR “HSCR” OR “HSCR2” OR
“WS4A” OR “endothelin receptor type A” OR “EDNRA”
OR “ET-A” OR “ETA” OR “ETA-R” OR “ETAR” OR
“ETRA” OR “MFDA” OR “hET-AR” OR “endothelin-1″
“ET-1” OR “endothelin-2” OR “ET-2” OR “ET-3” OR
“endothelin-3″) AND (“pathway” OR “signaling” OR “sig-
nalling”. A systematic manual screening of research articles
was done to organize the endothelin ligand-receptor down-
stream signaling reactions comprehensively. Only the original
articles, except reviews and short communications, were con-
sidered for annotation according to the principles described in
the previously published NetPath annotation criteria
(Kandasamy et al. 2010). The articles were manually annotat-
ed for downstream signaling reactions of endothelin ligand-

receptor binding into the following categories; 1) post-
translational modification (PTM), 2) activation/inhibition, 3)
gene regulation at the mRNA level (both up- and down-regu-
lation), 4) induced protein expression, 5) molecular associa-
tion (protein-protein interactions), 6) translocation/transport of
proteins between subcellular compartments. The annotation
principles were strictly followed as per the criteria described
earlier in NetPath (Kandasamy et al. 2010). The information
regarding the details of the type of cell lines/tissue/animals
used, PTM residue and site, gene regulation type (upregula-
tion/downregulation), along with the experiment type, were
also curated during the annotation. The annotated reactions
were utilized for mapping the endothelin pathway using the
PathVisio tool (Version 3.2.2). The annotated reactions and
pathway map were further extended for an external review by
a pathway authority, who is working in the field of endothelin
pathway. All the suggestions from the pathway authority were
incorporated in the signaling pathway map. Individual reac-
tions annotated in the endothelin signaling pathway were
hyperlinked to the respective original PubMed article, from
which the reactions have been acquired.

Results and discussion

In the present study, the search term retrieved 2800 papers
in Pubmed, which were used for initial screening. Of these,
640 research articles were reviewed for endothelin-
mediated reactions, and out of these, 332 articles had in-
formation that was compatible with endothelin-mediated
signaling and was selected for further curation. The manual
curation of selected articles documented 87 activation/
inhibition events,102 PTM’s or catalysis events, 54 molec-
ular associations, 262 gene regulation events, 150 types of
protein expression, and 29 protein translocation events. We
reported PTMs, including phosphorylation and dephos-
phorylation. We could not annotate the site and residue
of PTM for 26 and 16 molecules, respectively, due to the
non-availability of such experimental data in the literature.
A total of 262 differential gene regulation events were
catalogued, in different mammalian systems, and of these,
198 and 64 genes were found to be upregulated and down-
regulated, respectively. These molecular reactions were
represented in the signaling map of endothelin (Fig. 1).
The pathway datasheet describes the molecular reactions

�Fig. 1 Schematic representation of endothelin mediated signaling
pathway. Schematic representation of endothelin mediated signaling
reactions. The signaling pathway map represents molecules involved in
ligand-receptor interactions of endothelin activated downstream
molecular events including molecular association, enzyme catalysis,
translocation, and gene regulation events. Information regarding the
post-translational modification site and the residue is also shown in the
pathway.
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involved in endothelin ligand and receptor-mediated sig-
naling (Supplementary material). We submitted the com-
plete pathway map of the endothelin-mediated signaling
pathway to the WikiPathways database with the ID
WP4857. It can be freely accessible to the scientific com-
munity by using following the URL:https://www.
wikipathways.org/index.php/Pathway:WP4857.

A summary of endothelin signaling pathway

The events mediated by endothelin ligand-receptor interaction
are involved in many physiological as well as pathophysio-
logical conditions such as vasoconstriction and dilation, car-
diovascular remodelling, cell proliferation, cell differentiation,
extracellular matrix production, and control of water and so-
dium secretion (Unic et al. 2011). The endothelin signaling
pathway depicts the activation of EDNRA to be dependent on
either G protein or β-arrestin. The binding of endothelin li-
gands to EDNRA and EDNRB receptor induces the activation
of G-proteins- including G protein subunit alpha Q (GNAQ),
G protein subunit alpha 12 and 13 (GNA12 and GNA13).
Overexpression of EDN1 and subsequent stimulation of
EDNRA induces the upregulation of genes involved in the
repair of the extracellular matrix (ECM) of normal lung fibro-
blasts (Shi-Wen et al. 2004). In human airway smooth muscle
cells, EDN1 induces hypertrophy and anti-apoptosis by stim-
ulating both EDNRA and EDNRB through the activation of
JAK1/STAT-3 and MAPK1/3 cell signaling pathways
(McWhinnie et al. 2007). Its stimulation also induces the over
expression of cytokines such as IL-6 and IL-11in an EDNRA-
dependent manner, via the activation of map kinases, regulat-
ing proliferation and fibrosis in human lung fibroblasts
(Gallelli et al. 2005). Endothelin also triggers cardiac hyper-
trophy through the activation of PLC, PKC, and MAP kinases
via the activation of both EDNRA and EDNRB receptors (Li
et al. 2014, Takahashi et al. 2005, Hautala et al. 2002).
Similarly, the role of EDN1 is also implicated in renal inter-
stitial fibrosis by induction of the inflammatory NF-kappaB
signaling pathway (Gerstung et al. 2007). Activation of
EDNRB by EDN1 in human monocytes triggers the cytokine
storm which is critical for the development and maintenance
of several inflammatory diseases (Juergens et al. 2008).
Epithelial to mesenchymal transition is involved in
tubulointerstitial fibrosis via Rho-kinase and YAP pathways
(Seccia et al. 2016).

In most of the human cancers, endothelin activates MAPK,
NF-kB, β-catenin, PI3K/AKT, and Rho GTPase pathways,
regulating the expression of genesessential for cell survival,
proliferation, drug resistance, angiogenesis, osteogenesis, im-
mune modulation, invasion and metastasis (Johnson et al.
2017, Seccia et al. 2016, Tanja et al. 2015, Knowles et al.
2012, Nelson et al. 2005).Activation of EDNRA by EDN1
induces MAPK activation, PGE2 and VEGF secretion via

Src- mediated EGFR transactivation which are responsible
for ovarian cancer cell proliferation, survival and invasiveness
(Rosano et al. 2007, Spinella et al. 2004). Our attempt to map
the endothelin ligand-receptor pathway helps to consolidate
the various signaling events that mediate cellular response.
The pathway can be a resource for cellular network informa-
tion to understand the activities involved in pathological re-
sponses of endothelin signaling.

Conclusions

The endothelin signaling map made available in the
WikiPathway resource can be helpful for the scientific com-
munity to understand the association of various proteins in
both physiological and pathophysiological conditions by
overlaying the data on gene expression dynamics obtained
from various experimental as well as clinical conditions. We
believe that the updated endothelin pathway map will help the
researchers to understand the role of endothelin signaling in
disease progression that will assist them to design the better
near future therapeutics.
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