Canadian Journal of Physiology and Pharmacology

Sanadian Canadian Journal of Physiology

Publishing | and Pharmacology

Intricacies of the endothelin system in human obesity: role
in the development of complications and potential as
therapeutic target

Journal: | Canadian Journal of Physiology and Pharmacology

Manuscript ID | cjpp-2019-0651.R1

Manuscript Type: | Review

Date Submitted by the

Author 18-Jan-2020

Complete List of Authors: | Schinzari, Francesca; Policlinico A Gemelli, Internal Medicine
Cardillo, Carmine; Universita Cattolica del Sacro Cuore, Translational
Medicine and Surgery

Is the invited manuscript for
consideration in a Special | ET-16 Kobe 2019
Issue:

Keyword: | endothelin, adipose tissue, obesity, adipokines

SCHOLARONE™
Manuscripts

https://mc06.manuscriptcentral.com/cjpp-pubs




Page 1 of 26 Canadian Journal of Physiology and Pharmacology

Manuscript CJPP-2019-0651-R1

Intricacies of the endothelin system in human obesity: role in the development of complications

and potential as therapeutic target

Francesca Schinzari, MD1, Carmine Cardillo, MD2

policlinico A. Gemelli IRCCS and 2Universita Cattolica del Sacro Cuore, Roma, Italy

Correspondence to:

Prof. Carmine Cardillo

Department of Translational Medicine and Surgery
Universita Cattolica del Sacro Cuore

Largo F. Vito 1

00168 Roma

Tel. 06 30159432

Fax. 06 30157232

E-mail: carmine.cardillo@unicatt.it

https://mc06.manuscriptcentral.com/cjpp-pubs


mailto:carmine.cardillo@unicatt.it

Canadian Journal of Physiology and Pharmacology Page 2 of 26

Abstract
Activation of the vascular endothelin (ET)-1 system is a key abnormality in vascular dysfunction of
human obesity, especially in patients developing complications, such as the metabolic syndrome,
diabetes and atherosclerosis. Vascular insulin resistance, an increased insulin-stimulated
endothelial production of ET-1 combined with impaired nitric oxide availability, is the hallmark of
obesity-related vasculopathy, but dysregulated adipokine release from obese adipose tissue may
contribute to predominance of ET-1-dependent vasoconstriction. ET-1, in turn, might determine
unhealthy obese adipose tissue expansion, with visceral and perivascular adipose tissue changes
driving the release of inflammatory cytokines and atherogenic chemokines. In addition, ET-1 might
also play a role in the development of the metabolic complications of obesity. Studies have shown
inhibition of lipoprotein lipase activity by ET-1, with consequent hypertriglyceridemia. Also, ET-1 in
pancreatic islets seems to contribute to beta-cells dysfunction, hence affecting insulin production
and development of diabetes. Moreover, ET-1 may play a role in nonalcoholic steatohepatitis.
Recent clinical trials using innovative design have demonstrated that antagonism of ET type A
receptors protects against some complications of obesity and diabetes, such as nephropathy.
These findings encourage further investigation to evaluate whether targeting the ET-1 system

could afford better protection against other consequences of the obesity epidemic.
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Introduction

The incidence of obesity and type 2 diabetes is still increasing worldwide at an alarming rate, in
relation predominantly to lack of regular physical activity and consumption of high fat/sugar diets,
and carries a heavy burden in terms of morbidity, mortality and health care-related costs. One
direct consequence of obesity is the rising incidence of type 2 diabetes, which occurs when insulin
resistance is present and insulin secretion fails to compensate. Another unwanted complication of
excess body weight is the development and progression of cardiovascular disease, with multiple,
complex mechanisms underlying this relationship. Of note, the rate of obesity-related
cardiovascular consequences is higher in those individuals with excessive fat accumulation in the
visceral adipose tissue (VAT) that predispose them to the metabolic syndrome, an association of
hypertension, disglycemia and lipid abnormalities that occurs as a consequence of insulin
resistance (Ahima and Lazar 2013). In contrast with this “metabolically unhealthy” phenotype,
obese patients with predominant fat storage in the subcutaneous adipose tissue (SAT) seem to
possess a metabolically inert profile, the so called “metabolically healthy obesity”. In these
individuals, it is likely that subcutaneous adipose tissue acts as a safe depot for potentially toxic
lipids produced in excess, thereby leading to improved metabolic and cardiovascular health due to
preserved insulin sensitivity, absence of diabetes and reduction of other risk factors for
cardiovascular disease (Lee et al. 2013b; Wildman et al. 2008).

Vascular dysfunction in human obesity: role of the endothelin (ET)-1 system

An important aspect of vascular dysfunction in obesity relates to the physiological actions of
insulin in blood vessels and to the consequence of insulin resistance on vascular homeostasis.
Physiologically, insulin receptors are present on endothelial cells, where they activate both the

phosphatidylinositol (Pl) 3-kinase/Akt pathway and the MAP kinase cascade, leading to nitric oxide

(NO) and ET-1 synthesis, respectively (Muniyappa et al. 2008; Zeng et al. 2000). Evidence of the
concurrent insulin-induced stimulation of both the NO pathway and the ET-1 system in humans
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was first collected by us in the forearm circulation of healthy volunteers, where simultaneous
blockade of ET, and ETg receptors by combined infusion of BQ-123 and BQ-788 was associated
with a significant vasodilator response during hyperinsulinemia, but not during saline infusion
(Cardillo et al. 1999). Furthermore, during ET-1 receptor blockade, the vasoconstrictor response to
NO synthesis inhibition with L-NMMA was significantly higher after insulin infusion than in the
absence of hyperinsulinemia, indicating a concurrent increment in NO bioavailability. Under
physiological conditions, insulin-induced release of NO may lead to expansion of the available
capillary surface area in peripheral tissues, particularly in the skeletal muscle, thus augmenting the
delivery of insulin itself, glucose, and other nutrients to the metabolically active tissues (Clark et al.
2003). This functional coupling between the microvascular effects of insulin, muscle perfusion and
glucose utilization, however, is impaired in insulin resistant states like obesity and type 2 diabetes
(Clark 2008), where a pathway-specific insulin resistance seems to take place at the vascular level.
In fact, a pivotal biochemical defect in these patients is an impairment of the PI 3-kinase-
dependent signaling cascade, while the MAP kinase pathway is spared (Cusi et al. 2000). Given the
compensatory hyperinsulinemia occurring to maintain euglycemia in insulin resistant states, the
potential pathophysiological implications of this abnormality become relevant. Thus,
hyperinsulinemia overstimulates the normally functioning MAP kinase-dependent pathways, an
effect that cannot be balanced by the abnormal Pl 3-kinase cascade, hence leading to increased
endothelial production of ET-1 and consequent vasoconstriction (Kim et al. 2006). This higher ET-
1-dependent tone might decrease muscle perfusion and blunt glucose disposal, thereby
contributing to impaired glucose tolerance. Demonstration of enhanced ET-1 activity in human
obesity was obtained in our laboratory, when we observed that the vasodilator effect of the
selective ET, receptor blocker BQ-123 is augmented in obese hypertensive individuals as

compared to their lean counterpart (Cardillo et al. 2004). Similarly, we later reported that
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enhanced ET,-dependent vasoconstrictor tone is present in the forearm vasculature of obese
patients with the metabolic syndrome, but not in lean subjects (Tesauro et al. 2009). In keeping
with our results, Weil et al. have observed heightened vasodilator response to BQ-123 in
overweight and obese individuals (Weil et al. 2011); interestingly, blockade of ET, receptor was
able to improve endothelium-dependent relaxation in these patients. The latter finding is in line
with a previous observation of Mather et al. (Mather et al. 2004), who noted that antagonism of
ET, by BQ-123 corrects the defect in endothelium-dependent vasodilation in individuals with
obesity or type 2 diabetes. Similarly, Lteif at al. reported that BQ-123 improves the defective
endothelium-dependent vasodilator response to exogenous insulin in the leg circulation of obese
subjects, further underscoring the key role of ET-1 in the pathophysiology of obesity-related
vascular dysfunction (Lteif et al. 2007).
Obesity-driven adipose tissue remodeling: potential role of ET-1
In obesity, adipose tissue expands through hypertrophic (increase in adipocyte volume) and
hyperplastic (increase in adipocyte number) remodeling, in order to accommodate the fat
resulting from surplus of calories. Large prospective studies support the view that the pattern of
obesity-dependent adipose tissue remodeling plays a major role in determining the
cardiometabolic risk profile, clearly indicating that SAT is the largest and least metabolically
harmful storage site for excess fat (Neeland et al. 2012). SAT, however, has limited ability to
expand by recruiting new adipose cells (Gustafson and Smith 2012), therefore impaired SAT
adipogenesis results in increased VAT and ectopic fat accumulation at different sites.

The plasticity of adipose tissue requires the development of newly formed vascular
networks that are crucial for a “healthy” adipose tissue expansion. In fact, angiogenic activity
provides oxygens, nutrients, growth factors, and cells that maintain adequate homeostasis of

adipose tissue; development of the vascular supply via angiogenesis, therefore, is a rate-limiting
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step in adipose tissue expansion (Sun et al. 2011). A network of pro-angiogenic and anti-
angiogenic factors exerts tight control on angiogenesis and subsequent adipogenesis
(Hammarstedt et al. 2018). Among the pro-angiogenic forces a key role of vascular endothelial
growth factor (VEGF) signaling has been convincingly demonstrated in experimental models
(Robciuc et al. 2016). Thus, in sub-optimally vascularized adipose tissue of insulin resistant mice,
overexpression of VEGFB induces angiogenesis, reduces inflammation and improves glucose
metabolism; in this setting, knock-out of the VEGF receptor 1 (also known as Fms-like tyrosine
kinase-1 [Flt-1]), which act as decoy receptor, unleashed the greater angiogenic potential of VEGF
interaction with its receptor 2 and resulted in greater stimulation of angiogenesis, thermogenesis
and even weight loss. By contrast, here is substantial, though indirect, evidence supporting the
view that, in conditions of reduced VEGF activity, up-regulation of the ET-1 system might occur.
Thus, switch-on of ET-1 production is known to follow VEGF inactivation by the soluble form of Flt-
1 in pre-eclampsia, thereby leading to decreased placental perfusion and hypertension (Verdonk
et al. 2015). Similarly, pharmacological tools interfering with the VEGF pathway, such as VEGF
receptor inhibitors, soluble VEGF receptors, or anti-VEGF antibodies, are known to result in
activation of the ET-1 system (Saleh et al. 2016). Owing to the vasoconstrictor properties of ET-1, it
is tempting to speculate that its enhanced activity in obese adipose tissue may contribute to
impaired blood perfusion and defective adipogenesis, thereby hinting a potential role of ET-1
receptor antagonism (ERA) to counteract this phenomenon.

Perivascular and epicardial adipose tissue dysfunction in obesity: role of ET-1

One ectopic site of fat accumulation and inflammation in obesity is the perivascular adipose tissue
(PVAT), which surrounds large, medium and small vascular beds in disparate circulatory districts.
Opposite to the previous view considering PVAT a simple mechanical protection of vascular

structures, PVAT has been recently recognized as a critical regulator of vascular function, given its
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intimate contact with the vessel wall due to the absence of a physical barrier (Fitzgibbons and
Czech 2014). Abundant experimental and clinical evidence has shown that PVAT physiologically
exerts vasodilator, anti-contractile and anti-proliferative actions, largely mediated by secretion of
protective adipokines (Aghamohammadzadeh et al. 2012). These favorable properties of PVAT,
however, are typically lost in the setting of obesity, when decreased production of protective
adipokines and increased production of inflammatory cytokines, such as IL-1, IL-6 and TNF-a.,
impair vascular function (Lastra and Manrique 2015; Lee et al. 2013a). Activation of the renin-
angiotensin-aldosterone system, imbalance in immunity, macrophage infiltration and polarization
toward an inflammatory M1 phenotype, as well as heightened production of reactive oxygen
species, are other vasculotoxic mechanisms in these patients (Lastra and Manrique 2015).

Virdis et al., by use of arterioles isolated from visceral adipose tissue of obese patients
undergoing bariatric surgery and challenged in a wire myograph, have elegantly demonstrated
that up-regulation of ET-1 by inflammatory cytokines underlies the vasoconstrictor action of obese
PVAT (Virdis et al. 2015). Thus, in the presence of PVAT, the relaxing response to ET, receptor
antagonism by BQ-123 was significantly higher in obese vessels than in those taken from lean
controls; removal of PVAT, by contrast, the vasorelaxing response to BQ-123 was not different
between in vessels obtained from obese patients or lean individuals, indicating that obese PVAT is
a source of mediators leading to activation of the vascular ET-1 system. Interestingly, in the
presence of PVAT, incubation of obese vessels with the TNF-a-blocking antibody infliximab
reduced the vasodilator response to BQ-123, suggesting a key role of this cytokine in their
increased ET,-dependent constriction. This concept was further strengthened by
immunofluorescence analysis that revealed in untreated small arteries of obese patients
augmented expression of all the components of the ET-1 system, including ET-1, ET, and ET;

receptors.
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Inflammatory and pro-oxidant changes occurring in obese PVAT seem to involve up-
regulation of various pro-inflammatory molecules, such as leptin, resistin, visfatin, angiotensin
(Ang) Il and chemokines, with concurrent down-regulation of anti-inflammatory substances,
including adiponectin and Ang-(1-7) (Xia and Li 2017). It has hence been postulated that these
substances might affect vascular function by altering the balance between the two main
homeostatic mechanisms, the NO pathway and the ET-1 system.

One of the most widely investigated adipokines with regard to its vascular effects is leptin,
which bears complex relationship with insulin sensitivity and is known to oppose the central
effects of insulin on food intake. In peripheral tissues, including the vascular endothelium,
however, there is a strikingly convergence between insulin and leptin intracellular transduction
signaling (Konner and Bruning 2012). Thus, leptin activation of Pl 3-kinase/Akt results in
stimulation of NOS and increased production of NO (Lembo et al. 2000); activation of MAP kinase,
by contrast, may induce increased production of ET-1 (Quehenberger et al. 2002). It would be
possible, therefore, that pathway-selective impairment of Pl 3-kinase activation in obese vessels
might lead to prevalence of the MAP kinase signaling and vascular dysfunction, as suggested by
studies showing an association between hyperleptinemia and heightened cardiovascular risk
(Wallace et al. 2001). We have tested this mechanism in the human forearm circulation and
observed that, in healthy subjects, intra-arterial infusion of exogenous leptin does indeed result in
increased bioactivity of both the ET-1 system and the NO pathway; in obese patients, by contrast,
it does not elicit any substantial modification of these two vasoactive systems (Schinzari et al.
2013). This suggests that obesity-related leptin resistance (Friedman 2009) also extends to the
vascular effects of the peptide and, therefore, hyperleptinemia is unlikely to play a causal role in
vascular dysfunction, being rather a marker of hyperinsulinemia and increased adiposity. This

notion is indirectly supported by the results of a prospective study and systematic review that
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deemphasizes the pathogenic role of leptin, showing that the association of circulating leptin with
cardiovascular risk is largely dependent on BMI (Sattar et al. 2009).

A factor likely contributing to the vasoconstrictor properties of obese PVAT, by contrast, is
the decreased expression of Ang-(1-7) (Fang et al. 2017). Ang-(1-7) is one of the components of
the renin-angiotensin system physiologically produced by PVAT that diffuses toward the
underlying smooth muscle and induces vasodilation (Xia and Li 2017). By infusing exogenous Ang-
(1-7) in the forearm circulation of obese patients, we have recently observed that this peptide is
able to blunt the vasodilator response to BQ-123, thereby suggesting that defective Ang-(1-7)
availability might participate in the increased ET-1-dependent vasoconstriction of these patients
(Schinzari et al. 2018).

Another site of ectopic accumulation of excess fat in obesity is the epicardial adipose tissue
(EAT). Convincing evidence now demonstrates that changes occurring in obese EAT transduce the
deleterious effect of obesity to the heart, hence representing a potential target for therapeutic
interventions (Packer 2018). In healthy conditions, EAT has no anatomical boundaries with the
underlying myocardial tissue, with which it shares an unobstructed microcirculation that allows
facilitated transfer of substances acting in paracrine manner to influence the structure and
function of the neighboring tissues. Adipocytes in healthy EAT prevents local inflammation and
oxidative stress by combusting fatty acids and by secreting substances that nourish myocytes and
minimize inflammation, hypertrophy, and fibrosis. Obese EAT, however, modifies its biological
characteristics by adopting an inclination to lipolysis, with release of fatty acids, and a tendency to
secrete pro-inflammatory molecules like Ang Il and ET-1 (Lewis et al. 2017). All these changes
contribute to the development in cardiac myocytes of a biological phenotype predisposing to
HFpEF, including abnormal calcium handling, endothelial and mitochondrial dysfunction, and

modifications of the isoform expression and phosphorylation of a large sarcomeric protein, titin
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(Lewis et al. 2017). These abnormalities, in turn, result in decreased ventricular distensibility due
to cardiac microvascular rarefaction and fibrosis, with consequent abnormalities of diastolic filling,
functional capacity and outcomes (Kitzman and Shah 2016).

Given the action of ET-1 to stimulate myocardial hypertrophy and fibrosis characteristic of
the HFpEF biological phenotype, treatment with ERAs have been tested in preclinical and clinical
studies. In @ murine model of HFpEF induced by chronic aldosterone infusion, the dual ETa/s
blocker macitentan has been effective in reducing left ventricular hypertrophy independently of
blood pressure changes, with no benefit on diastolic dysfunction; interestingly, in the left ventricle
of those mice, macitentan improved adverse cardiac remodeling by reducing the expression of the
stiffer collagen | and titin n2b isoforms (Valero-Munoz et al. 2016). In a randomized, double-blind,
placebo-controlled trial, Zile et al. evaluated the effect of the selective ET, antagonist sitaxsentan
in patients with HFpEF; in these patients, sitaxsentan increased exercise tolerance compared to
placebo, but did not significantly modify left ventricular mass, functional class, death, or hospital
stay related to heart failure (Zile et al. 2014). Even though the results of these trials have not been
entirely favorable and use of ERAs in patients with heart failure has been discouraged by
occurrence of fluid retention following ET, blockade (an effect, however, transitory and
manageable with diuretics), the strong pathophysiological role of ET-1 in HFpEF compels
additional clinical studies.

Metabolic complications of obesity: contribution of ET-1

Evidence collected in our laboratory demonstrates that the intravascular activity of the ET-1
system is higher in patients with metabolically unhealthy obesity, defined as the presence of at
least one glucose or lipid abnormality characteristic of the metabolic syndrome, than in obese
defined as metabolically healthy by the absence of those changes (Schinzari et al. 2015). This

observation hints that enhanced ET-1 activity plays a role in the occurrence of the metabolic
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complications of obesity, based on the view that ET-1-dependent microvascular constriction
contributes to the development of metabolic syndrome by reducing the exposure of circulating
triglyceride-containing lipoproteins to endothelial lipoprotein lipase (LPL) (Lind and Lithell 1993).
In fact, a direct effect of ET-1 to inhibit LPL has been observed in cultured adipocytes, where LPL
activity is inhibited in a concentration-dependent manner by addition of ET-1 and is restored by
selective ET,, but not ETg, receptor blockade (Ishida et al. 1992). Similarly, ET-1, but not ET-3, has
been shown to suppress LPL expression in adipocyte cultures (Uchida et al. 1995). More recently,
Briancon-Marjollet et al. have reported that ET-1 is able to modulate adipocyte metabolism,
reducing glucose uptake and inducing lipolytic effects, through regulation of the hormone-
sensitive lipase phosphorylation; interestingly, these metabolic effects of ET-1 are reversed by ET,
receptor antagonism, either selective (BQ-123) or nonselective (dual ET, and ET; blockade by
bosentan) (Briancon-Marjollet et al. 2016). In a clinical study, Piatti et al. have found that, in a
heterogeneous group of individuals with various degrees of glucose tolerance and insulin
resistance, circulating triglycerides correlate linearly and independently with ET-1 plasma levels
(Piatti et al. 2000). Finally, a recent re-analysis of data from a previous clinical study has shown
that selective ET, antagonism by sitaxentan for 6 weeks is able to reduce plasma triglycerides and
other atherogenic lipid particles in patients with chronic kidney disease (Farrah et al. 2019); of
note, treatment with sitaxentan was associated with reduced circulating levels of proprotein
convertase subtilisin/kexin type 9 (PCSK9), with a significant linear relationship between PCSK9
reduction and improved lipid profile. Even though sitaxentan has been withdrawn from clinical use
due to severe hepatotoxicity, the latter findings suggest that coexistence of increased ET-1 activity
and hypertriglyceridemia may not simply be an association due to a common pathophysiological

background, but that activation of the ET-1 system plays a mechanistic role in atherogenic
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dyslipidemia; as a consequence, targeting the ET-1 system might provide additional benefits for
cardiovascular prevention in these patients.

In recent years, abundant evidence has indicated that the pancreatic islet capillary bed,
comprised predominantly of endothelial cells, is a crucial source of signals that affect beta cell
structure and function, and may hence play a role in the development and progression of
diabetes. Thus, in the absence of diabetes, a number of endothelium-derived growth-factors
(hepatocyte growth factor, fibroblast growth factor, connective tissue growth factor,
thrombospontin-1) favor beta cells proliferation and survival. Also, balanced secretion of
endothelial vasoactive mediators, such as ET-1 and NO, is instrumental in maintaining adequate
perfusion of beta cells and insulin secretion. In addition, extracellular matrix components
(fibronectin, collagens, laminins) affect insulin expression and release from beta cells (Hogan and
Hull 2017). In prediabetic conditions like obesity, however, functional abnormalities of endothelial
cells, with dysregulation of their secretory pattern, may lead to reduced perfusion of beta cell and
impaired secretion of insulin. Under these conditions, endothelial release of ET-1 seems to play a
relevant mechanistic role, given that ET-1 has been shown to reduce the diameter of islet vessels,
an effect reversed by ET, receptor antagonism by BQ-123, but not by ETg blockade by BQ-788 (Lai
et al. 2007). Another important regulator of beta cell perfusion are pericytes that coexist with
endothelial cells in islet capillaries. Recent work has indeed demonstrated that application of ET-1
simultaneously activates islet pericytes by increasing cytosolic Ca%* levels and reduces capillary
diameter by eliciting a constrictor response (Almaca et al. 2018). Owing to these unfavorable
effects of ET-1 in islet capillaries and on beta cell perfusion, it is tempting to speculate that ET,
receptor antagonism might beneficially impact beta cell function and survival, thus preventing or
slowing the development of diabetes in obese patients. This notion gains indirectly supported by

preclinical evidence demonstrating that targeting another vasoconstrictor system, such as the
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renin-angiotensin system, exerts beneficial effects on beta cell mass and function in rodent
models of type 2 diabetes (Shao et al. 2006). Whether these effects could extend to human beta
cells in vivo is yet to be determined.

Hepatic steatosis may be another unwanted metabolic sequela of obesity. Hepatic lipid
content is regulated by the complex interplay between the delivery of lipids to the liver and the
hepatic uptake, synthesis, oxidation and secretion of lipids. In the healthy state, liver triglyceride
content is derived in variable percentages from free fatty acids produced by adipose tissue
lipolysis, dietary fatty acids, de novo lipogenesis, and circulating chylomicrons and VLDL particles.
A high-fat diet, obesity and insulin resistance can increase the flux through each of these
pathways, leading to increased hepatic lipid uptake and greater accumulation of intracellular
triglycerides in hepatocytes. Nonalcoholic fatty liver disease (NAFLD) develops owing to
disequilibrium in these processes; in NAFLD, oxidation in the mitochondria is decreased, and
lipolysis, triglyceride synthesis, de novo lipogenesis and VLDL secretion are all increased (Meex and
Watt 2017). These circumstances can induce metabolic stress, oxidative stress, and endoplasmic
reticulum-related stress resulting in fatty hepatocytes (lipotoxicity), and, when mechanisms to
cope with these stresses become overwhelmed, hepatocytes death. Dying and dead hepatocytes,
in turn, release signals to cells that are necessary for the repair of liver damage, such as immune
cells, sinusoidal endothelial cells, hepatic stellate cells, and ductal-type cells. The hepatocyte-
derived, damage-associated signals cause the repair-related cells to accumulate and launch
wound-healing responses, which include inflammation and fibrogenesis, leading to nonalcoholic
steatohepatitis (NASH) (Cohen et al. 2011) (Diehl and Day 2017). A number of intrahepatic
molecules have been identified as mediators of inflammatory signals, particularly those related to
stellate cells activation and fibrosis, such as the farnesoid X receptor [FXR], the chemokine

receptors type 2 and 5 [CCR 2/5], apoptosis signal regulating kinase-1 [ASK-1], the peroxisome
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proliferator-activated receptor a/y/6 [PPARa/y/8]) (Friedman et al. 2018). In addition to these
molecules, activation of the ET-1 system might importantly contribute to the activation of stellate
cells and hepatic fibrosis. Thus, a number of reports demonstrate that ET-1 promote activated
stellate cell differentiation from a variety of cellular precursors (Rodriguez-Pascual et al. 2014).
Also, precise intracellular signaling pathways involved in the profibrotic aspects of ET-1 have been
identified, including action on focal adhesion and integrin-linked kinases (FAK/ILK), downstream
activation of the mitogen-activated (MAP) kinases JNK and ERK, up-regulation of the activator
protein (AP)-1 transcription factor and induction of a profibrotic program with expression of
matrix components like collagens (Rodriguez-Pascual et al. 2014). Recent advances in knowledge
of the underlying molecular mechanism has sparked a number of clinical trials, currently in phase
2 or 3, with drugs targeting those pathways (such as FXR agonists, ASK-1 inhibitors, CCR2/5
inhibitors, PPAR a/6 or PPARy ligands) to reduce fibrosis and effectively cure NASH before its
progression to cirrhosis (Friedman et al. 2018). Notwithstanding the known profibrotic activity of
ET-1, there has some been some reluctance to test endothelin receptor antagonists (ERAs) in
these patients. This is probably because investigators and sponsors have been discouraged by
cases of hepatotoxicity associated in the past with ERAs, especially those with a sulphonamide
structure like bosentan and sitaxentan, so that liver injury has been considered for years the
Achille’s heel of this class of drugs (Hoeper 2009). Yet, some recent preclinical evidence suggest
that newer ERAs might indeed provide benefits in NASH. Thus, Okamoto et al. have reported that
ambrisentan, a selective ET, antagonist, is able to reduce the degree of hepatic fibrosis, even with
no effect on the amount of hepatic lipid content, in a NASH mouse model (Okamoto et al. 2016).
From a clinical standpoint, it is encouraging that ambrisentan is currently under testing in a phase
2 clinical trial to assess its utility in lowering portal hypertension in patients with liver cirrhosis

(ClinicalTrials.gov Identifier: NCT03827200).
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Obesity-related complications: role of ET-1 as a possible therapeutic target

Over the last 3 decades, up-regulation of ET-1 system has been implicated in the pathophysiology
of a variety of disease conditions, ranging from arterial hypertension to chronic kidney disease,
coronary artery disease, pulmonary hypertension, sickle cell disease, autoimmune disease, cancer,
and several other (Barton and Yanagisawa 2019). In most of these conditions, the therapeutic
benefits of ERA have been demonstrated in clinical trials; in some of them, such as pulmonary
hypertension and autoimmune disease (in particular, systemic sclerosis/scleroderma-related
digital ulcers), there has been regulatory approval of ERA treatment for this indication. A recently
completed phase 3 clinical trial (SONAR, Study of Diabetic Nephropathy with Atrasentan) has
indicated a novel way to improve the therapeutic efficacy of ERA, by preliminary identifying
subgroups of patients that could benefit most from chronic treatment with this class of drugs
(Heerspink et al. 2019). The design of the SONAR trial, in fact, has been deemed critical in
determining its favorable outcome: among over 5000 obese patients with mild to moderate
diabetic nephropathy that had entered the short-term “enrichment” phase of the trials, only 2648
who were identified as responders (based on a substantial reduction of their albumin-to-
creatinine ratio and minimal signs of sodium retention during enrichment) were selected for the
randomized phase of the trial with 0.75 mg per day of atrasentan (the lowest effective dose of the
drug, determined based on a sub-study of the previous RADAR trial (Koomen et al. 2018). After a
mean follow-up of 2.2 years, the SONAR trial demonstrated that, compared to placebo, atrasentan
is indeed effective in reducing the progression of nephropathy (as indicated by doubling of serum
creatinine or reduction of estimated glomerular filtration rate below 50%) and, of note, also in
lowering the incidence of nonfatal stroke, hence suggesting an ancillary protective effect of ERA
on cerebral atherosclerosis. It is important to emphasize that the average body mass index of

patients participating in the SONAR trial was greater than 30 kg/m?, thereby supporting the notion
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that ERA may be effective in preventing some disease states associated with obesity. This
consideration, in addition to the success of the “personalized medicine” approach applied in that
trial, could foster further clinical studies to test novel applications of ERA in those obesity-related
pathologies, such as HFpEF, atherogenic dyslipidemia, prediabetes, and NASH, in which activation
of the ET-1 system seems to play a relevant pathophysiological role.

As the complexity of the ET-1 system in obesity continues to be revealed, so do the
intricacies of its involvement in the regulation of human body adaption and response to excess
adiposity (Table 1). Thus, up-regulation of the ET-1 system acts at times as the last effector of
other changes brought about by caloric overload; at times, it may trigger or enhance further
perturbations downstream. Overall, the comprehensive theme is that enhanced ET-1 activity,
irrespective of the specific organ or tissue in which it takes place, is deeply involved in the
cardiovascular and metabolic derangement associated with obesity. Further clinical research with
ERAs, therefore, should be undertaken to fully ascertain the potential of these drugs in preventing
or reducing those complications arising from the obesity epidemic. In this regard, it would be
desirable to learn from the past and avoid those mistakes that have hampered further clinical
development of ERAs. In retrospect, selection of the suitable patients, in terms of both adequate
responsiveness and limited side effects, and choice of the right drug dose might have prevented
some disappointing results observed in previous ERA trials, some of which had to be discontinued
early. A personalized medicine approach, as demonstrated by recent studies and as already
successfully applied for other drugs, could help expand the clinical use of ERAs to target various

unwanted complications of obesity.
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Table. Mechanisms underlying increased ET-1 activity and consequences of up-regulation of the ET-1 system in obesity
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Site

Mechanisms

Consequences

Blood vessels

Adipose tissue (SAT, VAT)

PVAT
EAT

Pancreatic islet

Liver

Insulin resistance

Defective VEGF signaling
Inhibition of LPL
Activation of HSL

Dysregulated adipokines; increased inflammatory
cytokines; oxidative stress; lower Ang-(1-7) secretion

Capillary endothelial dysfunction and pericyte contraction
Arteriolar constriction

Stellate cell activation in response to NAFLD
Fibrosis

Imbalance between NO and ET-1: defective
vasodilation, increased vasoconstrictor tone

Impaired AT expansion

Hypertriglyceridemia

Decreased glucose uptake; increased lipolysis
Premature atherosclerosis

HFpEF

Beta cell hypoperfusion, dysfunction and death:
impaired insulin secretion

NASH

ET-1, endothelin-1; NO, nitric oxide; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue; VEGF, vascular endothelial growth factor; LPL,

lipoprotein lipase HSL, hormone-sensitive lipase; PVAT, perivascular adipose tissue; EAT, epicardial adipose tissue; Ang, angiotensin; HFpEF, heart

failure with preserved ejection fraction; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis.
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