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REVIEW

Endothelin in nasal mucosa: role in nasal function and

inflammation

J. MULLOL and C. PICADO

Fundacio Clinic per a la Recerca Biomedica, IDIBAPS, Barcelona, Spain

The endothelins (ETs) belong to a family of 21-amino acid
peptides originally isolated from porcine aortic endothelial
cells, which have potent vasoconstrictor, bronchoconstrictor
and glandular secretory effects. ET has three genomic iso-
forms, ET-1, ET-2 and ET-3, which act through two
receptor subtypes, ET and ETg. ET is expressed in both
the lower and upper respiratory mucosa in humans and
several animal species. In human nasal mucosa, ET-1
mRNA and protein are widely expressed in epithelial and
endothelial cells, submucosal glands, inflammatory cells,
venous sinusoids and small arterioles. ET-1 binding sites
have been located in submucosal glands, venous sinusoids,
small arterioles, but not in the human nasal epithelium. In
the nose, ET increases mucociliary activity in maxillary
sinus, stimulates nasal glandular secretion and induces nasal
symptoms. Since the expression of ETs is enhanced in
glands and inflammatory cells in chronic inflammation,
and ET-1 induces the secretion of pro-inflammatory med-
iators in human nasal mucosa, a role for ET in nasal
polyposis and rhinitis has been suggested. Endothelin, in
addition to eicosanoids and pro-inflammatory cytokines,
would establish a pro-inflammatory loop that could
become independent of the original stimulus, and contribute
to long-term nasal mucosa inflammatory changes.
ET-induced cytokine release could contribute to chemoat-
traction of pro-inflammatory cells such as eosinophils,
neutrophils, B cells and T cells, which could in turn
contribute to the perpetuation of nasal inflammation.

Introduction

Endothelins (ETs) constitute a family of 21-amino acid
peptides originally isolated from the culture supernatant of
porcine aortic endothelial cells [1], having potent vasocon-
strictor, bronchoconstrictor and glandular secretory effects
[2—-7]. ETs have at least three genomic isoforms, ET-1, ET-
2 and ET-3 [8], acting via two different receptors, ET 4 and
ETg [9]. ET4 receptors bind ET-1 and ET-2 more avidly
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than ET-3, while ETg receptors bind all three with equal
affinity. Since the discovery of ETs by Yanagisawa and
coworkers [1], the role of ETs in the lower airways has been
extensively studied and widely reviewed [2—7]. In contrast,
very few studies in either animals or humans have investi-
gated the role of ETs in nasal pathophysiology. The present
review will focus its interest in the presence and the
potential role of ETs in human nasal mucosa, in both
health and disease.

ET immunoreactivity

In animals, ET was first reported to be expressed in the nasal
mucosa of fetal rats [10] and the epithelium of rabbit
maxillary sinus [11]. In human nasal mucosa, ET was first
reported in the endothelial cells of both capacitance and
resistance blood vessels [12]. Both immunoreactive ET-1
and endothelin-converting enzyme (ECE)-1 are expressed
in epithelial and endothelial cells, submucosal glands (in
mucous cells and to a greater extent in serous cells),
inflammatory cells (macrophages), and blood vessels such
as arterioles, small veins and venous sinusoids of human
nasal mucosa [13—-17] (Table 1). These findings contrast
with the distribution of other peptides such as calcitonin
gene-related peptide (CGRP), neuropeptide Y (NPY), gastrin-
releasing peptide (GRP), vasoactive intestinal polypeptide
(VIP), substance P (SP), and neurokinin A (NKA), which
are mainly present in bundle nerves involved in adrenergic,
cholinergic and nonadrenergic, noncholinergic functions
[18-21]. Compared with healthy mucosa, the expression
of ETs in glands and inflammatory cells is enhanced in nasal
polyposis [15] and chronic rhinitis [16], suggesting a role of
this molecule in nasal chronic inflammation.

In the lower airways, ETs are also produced and secreted
by epithelial cells, macrophages, neuroendocrine cells, vas-
cular smooth muscle, and glands of several animal species,
including dogs, pigs, rats, mice, rabbits, and guinea pigs, as
well as in humans [2—-7]. Bronchial epithelial cell lines, such
as rat L2 and human A549, are also able to release ET. Since
stimuli such as thrombin, bacterial endotoxin, histamine and
several cytokines increase its secretion in both animal and
human airways, ET has been proposed as a regulatory
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Table 1. Expression of immunoreactive ET (rET), ET gene
(mRNA) and ET receptors (ETg) in human nasal mucosa

Tissues irET ET-1 mRNA ETr
Submucosal glands + + +
Epithelial cells + + _
Endothelial cells —+ + +
Venous sinusoids + + +
Arterioles + + +
Small veins + + +
Non-structural cells + + _
References 13-17 13-17 13,17
-+ =present, — =not present

peptide of bronchial and vascular tone and development, as
well as in airway inflammation [2].

ET mRNA expression

In human nasal mucosa, both ET-1 and endothelin-converting
enzyme (ECE)-1 mRNA are widely expressed in epithelial
and endothelial cells, submucosal glands, inflammatory
cells (macrophages), venous sinusoids and small arterioles
[13-16] (Table 1). ET-1 mRNA has been detected by in situ
hybridization in smooth muscle of venous sinusoids, small
veins and small muscular arteries [13]. Some non-structural
cells, possibly macrophages or mast cells [14,22], also
express ET-1 mRNA. A recent study has reported ET-1
mRNA expression in epithelial cells and glands of human
nasal mucosa with chronic inflammation [16]. Epithelial
cells from both animal and humans lower airways as well as
from bronchial epithelial cell lines, such as rat L2 and
human A549 and BEAS-2B, also express ET mRNA [2,23].

ET receptors

ET-1 binding sites are found concentrated around submucosal
glands, arterioles and venous sinusoids, but not in the
epithelium of human nasal mucosa [13,17]. Although
early studies done on animal lower airways reported ET-
specific binding sites in the epithelium [10], no constitutive
binding sites have been found in the human nasal epithelium.

In human lower airways, although early studies reported
ET-1 receptors in tracheal smooth muscle and parasympa-
thetic nerves but not in the epithelium, binding sites for ET-
1, ET-2 and ET-3 have lately been found in the epithelium
and the submucosa [2]. Several animal species such as rat,
rabbit, cat and dog also express abundant ET receptors in the
lower airways [2]. Recently, the use of specific receptor
antagonists has identified two ET receptor subtypes, ET 5

and ETg [4]. Low levels of ET 4, but not ETg, receptors have
been found in the bronchial epithelium of both asthmatic
and nonasthmatic patients, and in epithelial cell lines such
as rat L2 or human BEAS-2B [2]. In human nasal mucosa,
the characterization and distribution of ET receptor sub-
types (ETo and ETg) have recently been reported. ETp
receptors are localized in the vascular wall while ETg
receptors are mainly distributed in the endothelium [17].

Endothelin and eicosanoids

It has been suggested that some of the effects of ET in
human nasal mucosa, such as the regulation of vascular tone
[24] or the stimulation of glandular secretion [13], might be
mediated, at least in part, by eicosanoid production. Under
baseline conditions, human nasal mucosa predominantly
generates cyclo oxygenase products with small amounts
of lipoxygenase products [25]. Within one hour ET-1
induces the release of several prostanoids with a predomi-
nance of PGE,, followed by PGD,, PGF,, and TXB,. With
a maximum effect at four hours, ET-1 also induced the
production of 15-HETE [25]. No peptidoleukotriene release
was found after incubation with culture media or ET-1.
Although a study reported that ET-1-induced guinea pig
airway constriction was attenuated by a PAF antagonist
[26], Wu and colleagues found no changes in eicosanoid
production after the addition of a potent PAF antagonist, Ro
19-3704 [25].

In both baseline and post-ET stimulation, cyclo oxygenase
products dominated the amino acid metabolism cascade in
human nasal mucosa, but any cell type could be responsible
for this eicosanoid generation. PGE,, the predominant
metabolite in nasal explants, is known to induce broncho-
dilation, and inhibit lymphocyte immune function, fibro-
blast proliferation, macrophage cytokine production and cell
differentiation [27,28]. PGD, causes peripheral vasodilation,
pulmonary vasoconstriction, bronchoconstriction, airway
hyperreactivity, and mucous secretion, while it inhibits
platelet aggregation [29]. PGF,,, induces both vasoconstric-
tion and bronchoconstriction, mucous secretion, and stimu-
lates airway sensory nerves [30]. TXA, may induce vaso- and
bronchoconstriction as well [25]. 15-HETE is released by both
nasal and bronchial epithelium [31] and may induce mucous
secretion and mitogenesis, and modulate immune functions
and oxygenation enzymes [25]. Moreover, in allergic rhini-
tic patients nasal allergen challenge induces eicosanoid
release, including 15-HETE [32]. Since 15-HETE is a potent
eosinophil chemoattractant, this product could contribute to
perpetuate airway inflammation.

In the lower airways of several animal species, such as
rat, rabbit, dog and guinea pig, ET-1 also stimulates the
release of eicosanoid products [2]. In cultured feline airway
epithelial cells, ET-1 increases the release of PGE,, PGF,,,
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5-HETE and 15-HETE, acting through specific receptors
[33]. In human bronchi, ET-1 also causes an increase in
prostanoid release via ET, receptors [2]. ET may elicit its
biological responses by different signal transduction path-
ways, including the activation of G protein-coupled phospho-
lipase C (PLC) and voltage-dependent calcium ion channels
[34], as well as the activation of phospholipase A, (PLA,)
[35]. COX inhibitors have been reported to inhibit ET-
induced mucociliary activity in human nasal mucosa [11].
In rat L2 epithelial cells, exogenous ET-1 increased cAMP
and PGE, production, whereas blockade of endogenous ET-1
decreased PGE, production [2]. However, it is not yet clear
whether ET-1 increases eicosanoid production only by acti-
vating PLA, and/or PLC or by stimulating cyclo oxygenases
and lipoxygenases as well.

Endothelin and cytokines

Allergens, bacterial endotoxin and several cytokines, such
as IL-1, IL-2, IL-6, IL-8, TNF«, TGFS, and IGF-1, have
been reported to stimulate ET production in animal and
human airway epithelial cells, as well as in epithelial cell
lines [2]. Recent reports have also shown that anti-IgE
stimulation induces ET release from asthmatic bronchial
epithelial cells which express the low affinity receptor for
IgE (FceRII) [2]. This ET release may by responsible in part
for the acute exacerbation and perpetuation of airway
inflammation. Since no epithelial cell lines from either
human or animal nasal mucosa are available, and the
physiology of epithelial cells from both nasal and bronchial
mucosa has been reported to be similar [36], immortalized
bronchial epithelial cell lines have been used to study the
effect of ET on epithelial cell cytokine release. BEAS-2B
epithelial cells constitutively release higher concentrations
of IL-8 followed by IL-6, G-CSF and GM-CSF [23,37].
Mullol et al. reported that cytokine release caused by ET-1
is biphasic with an early release (4 h) of IL-13, IL-6 and IL-8,
and a late release (48 h) of IL-8 and GM-CSF [37]. Cytokine
concentrations in BEAS-2B cells are similar to those the
same authors have found in primary epithelial cells from
both nasal mucosa and nasal polyps [38,39].

Since BEAS-2B cells express ET 4 receptors and produce
irET [23], it is possible that ET of epithelial and other
origins may act in a paracrine—autocrine fashion to stimu-
late the production of IL-8, IL-6 and GM-CSF contributing
to a relatively rapid inflammatory response to airway injury.
Among the pro-inflammatory effects of these cytokines in
airway inflammation, GM-CSF, IL-8 and TNF« are able to
induce eosinophil survival and activation. These effects are
abrogated by steroids, by both inhibiting epithelial cell
cytokine release and causing eosinophil apoptosis [38—41].

In human umbilical cord endothelial cells (HUVEC), a
combination of cytokines (TNFeq, IL-18 and IFNvy) and

monocyte chemotactic protein (MCP-1) also showed a
potent effect on increasing the spontaneous expression of
ET-1 mRNA and ET-1 peptide release [42].

ET functions

Nasal secretions

Mullol et al. reported that ET-1 and ET-2, but not ET-3,
stimulate the release of glandular secretory products, such
as lactoferrin and mucous glycoprotein, in explant cultures
of human nasal mucosa [13]. Riccio et al. showed that ET-1
also induces nasal symptoms such as rhinorrhea, itching,
and sneezing and glandular but not vascular secretion [43].
Nasal responses are more pronounced in allergic patients
than in healthy subjects, suggesting that allergic inflamma-
tion might enhance nasal responsiveness to ET. Neutral
endopeptidase (NEP), angiotensin-converting enzyme (ACE)
and carboxypeptidases induce the degradation by hydrolysis
of ETs and this effect is inhibited by protease inhibitors
[13,44]. NEP and carboxypeptidases are produced and
released in the nasal mucosa [45,46]. The incubation of
nasal explants with a protease inhibitor, aprotinin, prevented
ET-1 digestion by endogenous proteases, suggesting that
proteases capable of reducing ET actions are present in
nasal mucosa [13]. In addition, other events such as the
release of epithelium-derived relaxant agents, may also mod-
ulate endothelin-induced responses in the nasal mucosa.
Moreover, it is very interesting to note that ET, a highly
potent vasoconstrictor, is also a potent secretagogue while
other secretagogue peptides, such as VIP and SP [21,47], are
vasodilators, clearly suggesting that glandular and vascular
responses to these peptides may not be related. Since
arterioles, venous sinusoids and submucosal glands possess
ET-1 binding sites, it appears that ETs released from those
and other sources may play a role in nasal physiology by
acting upon submucosal glands to stimulate glandular secre-
tion [13], in addition to the effects on arteriolar and venous
sinusoids to regulate nasal blood flow [24]. In human
bronchial mucosa, ET induces glandular product secretion
as well [29].

Vascular tone

Although ET was reported to be a vasodilator peptide in pig
airway mucosa [48], it induces a potent and prolonged
vasoconstriction in nasal mucosa of pigs [49], dogs [50-52],
rabbits [14,24,53], and humans [24,50,51]. This effect is
calcium dependent [50,51] but is not prevented by COX
inhibitors [24]. Furthermore, levels of ET-1 in nasal blood
vessels are similar to those in the general blood vessels [54]
(Table 2).
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Table 2. Biological functions of
endothelin in human nasal mucosa

Target tissue Biological functions References
Submucosal glands Increase in glandular secretion 13,43
Epithelium Not known (cytokine-eicosanoid release?) 25)
Connective tissue Not known -
Vascular smooth muscle Vasoconstriction 14,24,50,51
Mucociliary system Increase in mucociliary activity 11
Whole nasal mucosa Increase in PGE,, PGD,, PGF,,, TXB,, 25
and 15-HETE release
Increase in nasal symptoms (sneezing, 43

nasal itching, obstruction, rhinorrhea)

Mucociliary activity

In the maxillary sinus of rabbits, the increase of mucociliary
activity induced by ET and prevented by COX inhibitors
also suggests a potential role for this molecule in both
nasosinusal homeostasis and inflammation [11].

Regulation of nasal physiology and inflammation

Although no ET binding sites have yet been located in
human nasal epithelium [13], it has been reported that
epithelial cells produce and release ETs, and express ET-
specific binding sites and receptor mRNA. Locally released,
ET-1 may participate in the regulation of nasal blood flow
and secretory cell exocytosis via paracrine mechanisms
[13,24]. Studies on animal and human nasal mucosa have
shown that ET-1 induces a potent and prolonged vasocon-
striction [14,24,53], suggesting that locally released ET-1,
in association with other neurotransmitters, could partici-
pate in the control of nasal blood flow via a paracrine
mechanism. All this and the fact that their circulating
plasma concentrations are far below pharmacological
levels [9], suggest that ETs may act as locally acting
peptides (paracrine and autocrine) rather than circulating
hormones. ET-1 intranasal administration induces nasal
symptoms and glandular product release [43]. Similarly to
the effect of bradykinin [2], nasal provocation with ET-1
also triggers nociceptive nerve activation, sneezing and
parasympathetic glandular secretion, but no vascular perme-
ability, in both allergic and nonallergic individuals [43]. These
findings suggest that a nociceptive nerve-parasympathetic
nervous system reflex activated by ET-1 is upregulated in
allergic rhinitis, as well as providing evidence of a role for
allergic inflammation in nasal mucosa hyperresponsiveness
to ET-1. To support this data, there have also been reports of
an increased co-expression of ET-1 and ECE-1 in human
nasal mucosa from patients with chronic inflammation [16].
In contrast, a recent study has reported that ET-1 is present
in the nasal epithelium of healthy subjects but absent in the
metaplasic epithelium of chronic rhinitis [17].

Concluding remarks

The nasal mucosa acts as a physical and immunological
barrier which protects the airways against inhaled pollutants
and irritants. Total ET, released from epithelial and endothe-
lial cells, glands and other sources may play an active role in
nasal mucosa homeostasis by modulating epithelial perme-
ability, vascular tone, glandular secretion, mucociliary activ-
ity, mediator release and inflammatory cell recruitment
(Tables 1 and 2). The presence of specific receptors and
the demonstration of total ET production in and by different
cell types strengthen the hypothesis that this peptide may
play an important role in nasal mucosa in both health and
inflammation. It seems likely that ET (mainly ET-1) may
function as a local hormone being elaborated by epithelial
cells, glands and endothelial cells which acts on adjacent
target tissues (Fig. 1). Nevertheless, the patterns of ET-2 and
ET-3 production and expression in nasal mucosa have not
been fully evaluated.

Extrapolations from experiments done in animals, human
beings and epithelial cell lines clearly suggest that pro-
inflammatory mediators such as cytokines, allergens or bac-
terial endotoxin may increase ET-1 production in conditions
characterized by chronic airway inflammation, such as nasal
polyposis, rhinitis or asthma. In consequence, total ET
would cause a paracrine effect on several nasal target cells
inducing glandular secretion, regulation of vascular tone
and mucociliary activity, secretion of inflammatory media-
tors such as eicosanoids and cytokines, and pro-inflammatory
cell chemotaxis, leading to the symptoms of rhinitis (sneez-
ing, nasal itching and obstruction, and rhinorrhea).

In summary, endothelin and other pro-inflammatory med-
iators could establish a pro-inflammatory loop which, once
initiated, could became independent of the original stimu-
lus, and contribute to long-term inflammatory changes in the
nasal respiratory mucosa. ET-induced cytokine release could
contribute to chemoattraction of pro-inflammatory cells
such as eosinophils, neutrophils, T lymphocytes and B
lymphocytes, that could in turn contribute to the perpetua-
tion of this inflammatory loop. Future animal and human
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Fig. 1. The potential role of endothelin (ET) in healthy and inflamed
human nasal mucosa. In a healthy situation, ET from epithelial cells
and other sources would act, through a paracrine pathway, on nasal
target tissues, such as submucosal glands, mucociliary system and
blood vessels, to regulate mucous hypersecretion, mucociliary activ-
ity and vascular tone. Degradation by neutral endopeptidase (NEP)
would regulate ET effects. During inflammation, pro-inflammatory
stimuli such as endotoxin, allergens or cytokines would stimulate ET
release from nasal epithelium, thus causing a pro-inflammatory
loop and increasing its effects on nasal target tissues. Plain
arrows = release, dashed arrows = effects

studies and the use of specific ET receptor antagonists will
determine the real importance of this potential endothelin
cascade in nasal inflammation.
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