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Abstract
Endothelin-1 is a naturally occurring polypeptide which
possesses a broad range of activities including vasospastic, proinflammatory and profibrotic properties. Systemic
sclerosis is a multisystem connective tissue disease characterized by vascular damage, inflammatory infiltrates and
progressive fibrosis of the skin and internal organs. The
results of the recent studies indicate that endothelin-1 may
be a key element of the pathogenesis of systemic sclerosis.
Accordingly, new class of drugs, endothelin receptor antagonists have been introduced for treatment of patients with
systemic sclerosis.
This article reviews the role of endothelin-1 in the
pathogenesis of systemic sclerosis and the implications of
endothelin receptor antagonism in the treatment of systemic sclerosis.
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Endothelin-1 in systemic sclerosis
Endothelin-1 (ET1) is a naturally occurring 21-aminoacid
polypeptide [1,2]. ET1 was first identified in 1988 by a group of
Japanese investigators as a product of endothelial cells [1,2].
ET1 possesses a broad range of biological activities. It is
considered one of the most potent vasoconstrictors known [2].
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ET1 is also involved in the proliferation of fibroblasts and
smooth muscle cells through direct stimulation or potentialization of the effects of other growth factors. It has also been shown
to stimulate fibroblast chemotaxis and induce extracellular
matrix synthesis [2-5]. Recently, Shi-Wen et al. showed, that ET1
induces myofibroblast phenotype in cultured human fibroblasts
[6]. Myofibroblasts, characterized by the expression of -actin
and higher collagen production are considered to be key cells
responsible for the pathogenesis of fibrotic conditions such as
systemic sclerosis (SSc) or pulmonary fibrosis. Finally, ET1 is
also involved in the inflammatory response since it stimulates
monocytes and neutrophils [1,7].
ET1 is involved in many physiological processes such as
development of respiratory system, and cardiovascular homeostasis. Recently, ET1 has been implicated in the pathogenesis of
several diseases [1].
SSc is a multisystem disease characterized by vascular
changes, local inflammatory infiltrates and progressive fibrosis
of the skin and internal organs. Vascular changes characteristic
for SSc include Raynaud phenomenon, capillary angiopathy,
ischemic ulcers and pulmonary arterial hypertension [8]. The
latter one is considered to be the most fatal complication of SSc
[9,10]. Scleroderma related interstitial lung disease, known also
as pulmonary fibrosis or scleroderma related fibrosing alveolitis
is another frequent and severe complication of SSc [11]. Unfortunately, there are no effective treatments for SSc patients so
far, and the drugs that were shown to be of any therapeutic
effect are very toxic.
It has been shown that ET1 levels are increased in patients
with SSc compared to healthy controls. Interestingly, plasma/
serum ET1 levels were shown to be higher in patients with
diffuse cutaneous SSc compared to those with limited cutaneous SSc, and higher in SSc patients with fibrotic skin and lung
changes compared to those without [1,12,13]. Elevated ET1
levels were also reported in bronchoalveolar lavage (BAL) fluid
from patients with SSc and breath condensate from patients
with interstitial lung diseases including these with scleroderma
related fibrosing alveolitis [14-16]. In the study by Cambrey et
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al. ET1 was responsible for approximately 40% of BAL fluid
mitogenic activity for fibroblasts [14]. It has also been shown
that ET1 is overexpressed in the skin and the lungs of patients
with SSc compared with healthy controls [17,18]. In vitro studies
showed that fibroblasts cultured from patients with SSc display
enhanced ET1 expression [19]. Accordingly, exposure of normal
human fibroblasts to ET1 caused phenotypic changes typical for
SSc-derived fibroblasts [3,6].

Endothelin-1 receptors
There are two separate ET1 receptors identified: ETA and
ETB. Both receptors belong to the superfamily of 7-transmembrane G-protein-coupled receptors but can mediate different,
sometimes opposing, effects. ETA and ETB show tissue-specific
pattern of expression [1,2]. ETA receptors are abundantly
expressed on the vascular smooth muscle cells, where they are
responsible for the vasoconstictive action of ET1. ETB receptors
are also found on the vascular smooth muscle cells where they
produce vasoconstriction. However, ETB receptor expressed
on endothelial cells stimulate production of vasodilatatory
compounds, such as prostacyclin and nitric oxide and mediate
endothelium-dependent vascular relaxation [1,2].
Both ETA and ETB receptor were shown to be involved in
the ET1-mediated cell proliferation. Experimental data indicate
that ETB receptor is responsible for profibrotic and pro-inflammatory effects of ET1 [2].
It has also been shown that expression of ET1 receptors is
dysregulated during different disease states. Expression of ETA
receptor was reduced in SSc fibroblasts by 50% [3]. Similarly,
ETA expression was shown to be significantly reduced and ETB
upregulated in SSc associated lung fibrosis when compared
with healthy lung [18]. Endothelial ETB receptors are downregulated in diseases associated with endothelial dysfunction
whereas intimal, smooth muscle ETB receptors are up-regulated in several vascular diseases including pulmonary arterial
hypertension [2].

Endothelin receptor antagonists (ERAs)
– new perspective in the treatment
of patients with systemic sclerosis
Discovery of ET1 receptors allowed ET receptor antagonists
(ERA) to be developed. Bosentan, which is orally active, dual
(nonselective) ET receptor antagonist, was the first ERA tested
in clinical trials. The results of two double-blind, placebo-controlled clinical trials (study 351 and BREATH-1) showed that
bosentan significantly improved exercise capacity and cardiopulmonary hemodynamics in patients with pulmonary arterial
hypertension (PAH) compared to placebo [20-22]. Since PAH
is relatively frequent complication of SSc, the above mentioned
clinical trials included also patients with SSc-related PAH, 52
altogether (37 in bosentan arm and 15 in placebo arm of the
study). Analysis of patients with SSc-related PAH revealed that
overall effect was comparable to that seen in idiopathic PAH,
however, beneficial effect of bosentan seen in patients with

SSc-related PAH was mainly due to stabilization rather than
improvement of their functional status. Accordingly, patients
with SSc-related PAH who received placebo deteriorated during
the study time [23]. It is known, that patients with SSc-related
PAH had worse outcome than those with primary PAH [9].
The results of the above mentioned clinical studies allowed
bosentan to be registered in the USA and European Union for
treatment of severe PAH including SSc-related PAH. The advantages of bosentan is its oral administration as well as relatively
lower treatment costs when compared to continues infusion of
prostacyclin. This was the reason that the recent evidence-based
treatment algorithm in pulmonary arterial hypertension mention bosentan as first-choice drug in patients with severe PAH,
non-responding to acute vasodilatation [24].
Recently, a new selective ETA receptor antagonist, Sitaxsentan is under study in clinical trials with very promising clinical effects [25].
Another common manifestation of vascular disease in SSc
patients are ischemic digital ulcers which cause pain and hand
function impairment. The RAPIDS-1 study (Randomized,
Placebo-Controlled Study on the Prevention of Ischemic Digital Ulcers secondary to systemic Sclerosis) was a double-blind
placebo-controlled study designed to investigate the effect of
bosentan in preventing ischemic digital ulcers in SSc patients.
Bosentan significantly reduced the number of new ulcers, particularly in the high risk patients with digital ulcers at baseline. In
patients receiving bosentan, a statistically significant improvement in hand function was also observed. However, there was
no difference observed in the healing of existing ulcers between
patients receiving bosentan and those receiving placebo [26].
Since there is evidence showing that ET1 may be involved in
the pathogenesis of interstitial lung diseases, there are another
clinical trials under way. BUILT-1 and BUILT-2 studies were
designed to investigate clinical effects of bosentan in patients
with idiopathic pulmonary fibrosis and SSc-retaled interstitial
lung diseases, respectively. The first results of BUILT-2 trial
are expected in the year of 2006. However, there are anecdotal
reports showing improvement of skin fibrosis in SSc patients
treated with bosentan [27].

Conclusions
In summary, ERAs are a new class of drugs which had
already been proved to be effective in the treatment of vascular
complications of SSc. There is hope that they may also be helpful in treating fibrotic complication of SSc. However, there is
still a lot to be learnt about long-term effect and safety of these
new drugs in SSc patients.

References

11. Mayes MD. Endothelin and endothelin receptor antagonists in
systemic rheumatic disease. Arthritis Rheum, 2003; 48: 1190-9.
12. Clozel M. Endothelin and endothelin receptors: The rationale
for dual receptor antagonism. In: Clozel M, Rubin LJ, editors. Endothelin System in Cardiopulmonary Diseases. Reinhardt Druck Basel, 2004;
p. 17-32.
13. Xu S, Denton CP, Holmes A, Dashwood MR, Abraham DJ,
Black CM. Endothelins: effect on matrix biosynthesis and proliferation

Endothelin receptor antagonism – new perspectives in the treatment of systemic sclerosis

in normal and scleroderma fibroblasts. J Cardiovasc Pharmacol, 1998; 31
(Suppl 1): S360-S363.
14. Morrell NW. Endothelin as a proliferative agant in vascular cells
and interactions with other growth factors. In: Clozel M, Rubin LJ, editors. Endothelin System in Cardiopulmonary Diseases. Reinhardt Druck
Basel, 2004; p. 45-60.
15. Dashwood MR. Profibrotic effects of endothelin-1. [In:] Clozel
M, Rubin LJ, editors. Endothelin System in Cardiopulmonary Diseases.
Reinhardt Druck Basel, 2004; p. 17-32.
16. Shi-Wen X, Chen Y, Denton CP, Eastwood M, Renzoni EA,
Bou-Gharios G, Pearson JD, Dashwood M, du Bois RM, Black CM,
Leask A, Abraham DJ. Endothelin-1 promotes myofibroblast induction
through the ETA receptor via a rac/phosphoinositide 3-kinase/Aktdependent pathway and is essential for the enhanced contractile phenotype of fibrotic fibroblasts. Mol Biol Cell, 2004; 15: 2707-19.
17. Filep JG, Khreiss T, József L. Endothelins as pro-inflammatory
mediators. [In:] Clozel M, Rubin LJ, editors. Endothelin System in Cardiopulmonary Diseases. Reinhardt Druck Basel, 2004; p. 81-96.
18. Seibold JR. Scleroderma. [In:] Kelley WN, Harris ED, Duddy
S, Sledge CB, editors. Textbook of Rheumatology. 5th ed. Philadelphia,
W.B. Saunders Company, 1997; p. 1133-62.
19. Magliano M, Isenberg DA, Hillson J. Pulmonary hypertension
in autoimmune rheumatic diseases. Arthritis Rheum, 2002; 46: 19972009.
10. Denton CP, Black CM. Pulmonary hypertension in systemic
sclerosis. Rheum Dis Clin North Am, 2003; 29: 335-40.
11. Silver RM. Scleroderma. Clinical problems. The lungs. Rheum
Dis Clin North Am, 1996; 22: 825-40.
12. Vancheeswaran R, Magoulas T, Efrat G, Wheeler-Jones C,
Olsen I, Penny R, Black CM. Circulating endothelin-1 levels in systemic
sclerosis subsets – a marker of fibrosis or vascular dysfunction? J Rheumatol, 1994; 21: 1838-44.
13. Abraham D. Endothelin in systemic sclerosis and collagen
vascular disease. [In:] Clozel M, Rubin LJ, editors. Endothelin System in
Cardiopulmonary Diseases. Reinhardt Druck Basel, 2004; p. 159-74.
14. Cambrey AD, Harrison NK, Dawes KE, Southcott AM,
Black CM, du Bois RM, Laurent GJ, McAnulty RJ. Increased levels of
endothelin-1 in bronchoalveolar lavage fluid from patients with systemic
sclerosis contribute to fibroblast mitogenic activity in vitro. Am J Respir
Cell Mol Biol, 1994; 11: 439-45.
15. Reichenberger F, Schauer J, Kellner K, Sack U, Stiehl P, Winkler J. Different expression of endothelin in the bronchoalveolar lavage
in patients with pulmonary diseases. Lung, 2001; 179: 163-74.
16. Carpagnano GE, Kharitonov SA, Wells AU, Pantelidis P, Du
Bois RM, Barnes PJ. Increased vitronectin and endothelin-1 in the breath
condensate of patients with fibrosing lung disease. Respiration, 2003; 70:
154-60.

17. Tabata H, Yamakage A, Yamazaki S. Cutaneous localization of
endothelin-1 in patients with systemic sclerosis: immunoelectron microscopic study. Int J Dermatol, 1997; 36: 272-5.
18. Abraham DJ, Vancheeswaran R, Dashwood MR, Rajkumar
VS, Pantelides P, Xu SW, du Bois RM, Black CM. Increased levels of
endothelin-1 and differential endothelin type A and B receptor expression in scleroderma-associated fibrotic lung disease. Am J Pathol, 1997;
151: 831-41.
19. Kawaguchi Y, Suzuki K, Hara M, Hidaka T, Ishizuka T, Kawagoe M, Nakamura H. Increased endothelin-1 production in fibroblasts
derived from patients with systemic sclerosis. Ann Rheum Dis, 1994; 53:
506-10.
20. Channick RN, Simonneau G, Sitbon O, Robbins IM, Frost A,
Tapson VF, Badesch DB, Roux S, Rainisio M, Bodin F, Rubin LJ. Effects
of the dual endothelin-receptor antagonist bosentan in patients with pulmonary hypertension: a randomised placebo-controlled study. Lancet,
2001; 358: 1119-23.
21. Rubin LJ, Badesch DB, Barst RJ, Galie N, Black CM, Keogh
A, Pulido T, Frost A, Roux S, Leconte I, Landzberg M, Simonneau G.
Bosentan therapy for pulmonary arterial hypertension. N Engl J Med.,
2002; 346: 896-903.
22. Hachulla E, Coghlan JG. A new era in the management of
pulmonary arterial hypertension related to scleroderma: endothelin
receptor antagonism. Ann Rheum Dis, 2004; 63: 1009-14.
23. Black CM for the BREATH-1 Study Group. Effects of the oral
endothelin receptor antagonist bosentan in a sub-group of patients with
pulmonary arterial hypertension related to scleroderma. Ann Rheum
Dis, 2002; 61(suppl): 109-10.
24. Galie N, Seeger W, Naeije R, Simonneau G, Rubin LJ. Comparative analysis of clinical trials and evidence-based treatment algorithm
in pulmonary arterial hypertension. J Am Coll Cardiol, 2004; 43(12 Suppl
S): 81S-88S.
25. Langleben D, Hirsch AM, Shalit E, Lesenko L, Barst RJ.
Sustained symptomatic, functional, and hemodynamic benefit with the
selective endothelin-A receptor antagonist, sitaxsentan, in patients with
pulmonary arterial hypertension: a 1-year follow-up study. Chest, 2004;
126: 1377-81.
26. Korn JH, Mayes M, Matucci Cerinic M, Rainisio M, Pope J,
Hachulla E, Rich E, Carpentier P, Molitor J, Seibold JR, Hsu V, Guillevin
L, Chatterjee S, Peter HH, Coppock J, Herrick A, Merkel PA, Simms R,
Denton CP, Furst D, Nguyen N, Gaitonde M, Black C. Digital ulcers in
systemic sclerosis: prevention by treatment with bosentan, an oral endothelin receptor antagonist. Arthritis Rheum, 2004; 50: 3985-93.
27. Alegre-Sancho JJ, Román-Ivorra JA, Fernandez-Carballido
C, Chalmeta-Verdejo I, Abad-Franch L, Alcańiz-Escandell C. Systemic
sclerosis: improvement of cutaneous fibrosis on bosentan therapy. Ann
Rheum Dis, 2004; 64(suppl): 109-10.

293

