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ABSTRACT

Objective. In systemic sclerosis (SSc),
clinical evidence has shown that Bosen-
tan may foster the regeneration of the
peripheral microcirculatory network.
The aim of this study was to verify in
vitro the influence of Bosentan on the
angiogenic performance of dermal mi-
crovascular endothelial cells (MVECs)
and its possible capacity to counteract
the antiangiogenic effects of SSc sera.
Methods. Healthy dermal MVECs were
challenged with Bosentan at different
concentrations (0.1 uM, 1 uM, 10 uM)
or with sera from patients with diffuse
cutaneous SSc (n=8) and healthy sub-
jects (n=8), alone or in combination
with Bosentan (10 uM). Cell viability
and chemoinvasion were determined by
WST-1 and Boyden chamber assays,
respectively. Angiogenesis was evalu-
ated by capillary morphogenesis on
Matrigel.

Results. Challenge of dermal MVECs
with SSc sera induced a significant re-
duction in angiogenesis (p<0.005 vs.
basal condition; p<0.001 vs. healthy
sera). The addition of Bosentan could
significantly restore angiogenesis in the
presence of SSc sera (p<0.01 vs. SSc
sera alone). Healthy sera promoted cell
viability which was, instead, signifi-
cantly reduced with SSc sera (p<0.005
vs. healthy sera). The addition of Bosen-
tan to MVECs challenged with SSc sera
significantly increased cell viability
(p<0.005 vs. SSc sera alone), reaching
levels similar to MVECs treated with
healthy sera. Co-incubation of MVECs
with Bosentan and SSc sera significant-
ly increased chemoinvasion (p<0.005
vs. SSc sera alone) which was inhibited
by SSc sera (<0.001 vs. healthy sera).
Conclusion. Bosentan effectively coun-
teracts the antiangiogenic effects of
SSc sera on dermal MVECs and fos-
ters the restoration of a proangiogenic
environment.
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Introduction

Systemic sclerosis (SSc) is character-
ised by injury to vascular wall, fibrosis
and autoimmunity affecting the skin
and internal organs (1). Endothelial cell
dysfunction is the earliest pathological
event favouring an unbalance between
vasoconstricting (e.g. endothelin-1
(ET-1)) and vasodilating (e.g. nitric ox-
ide) factors. The loss of the endotheli-
al-dependent vasoregulation triggers a
vicious circle of endothelial damage,
tissue ischaemia and fibrosis (2, 3).
Increasing evidence indicates that ET-1
overexpression is involved in the fi-
brotic and vasculopathic aspects of SSc
(4, 5). Elevated ET-1 expression has
been reported in the skin, lungs, kid-
neys and bronchoalveolar lavage fluid
of SSc patients (5). Circulating levels
of ET-1 are significantly increased both
in limited and diffuse cutaneous SSc
and correlate with the severity of skin
involvement and pulmonary fibrosis
(5, 6). Cultured SSc fibroblasts display
enhanced ET-1 expression, and the ex-
posure of human fibroblasts to ET-1
promotes the fibroblast-myofibroblast
transition mirroring the SSc profibrot-
ic phenotype (5, 7). Moreover, ET-1
stimulates vascular smooth muscle
cell proliferation and contraction, con-
tributing to remodeling of the vascular
wall and vasculopathic manifestations
characteristic of SSc, such as pulmo-
nary arterial hypertension (PAH) and
digital ulcers (8-10). ET-1 acts through
the endothelin receptors type A (ETA)
and type B (ETB) that are expressed
on various cell types (11). The vaso-
constrictive properties of ET-1 are me-
diated primarily by ETA receptors on
vascular smooth muscle cells, whereas
ETB receptors promote the release of
nitric oxide by endothelial cells (8-10).
A dysbalanced expression of ETA and
ETB receptors has been reported in SSc
patients (5, 11, 12).
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Bosentan is a dual antagonist of ETA
and ETB receptors which is effective in
the treatment of SSc-related PAH and
in the prevention of digital ulcers (13,
14). The beneficial effects of Bosen-
tan on SSc proliferative vasculopathy
are likely due to the inhibition of ET-
1-mediated vascular smooth muscle cell
proliferation. However, it is most im-
portant to consider that in SSc there are
parallel vascular pathologies that may
require different and specific therapeu-
tic approaches. In fact, the SSc vascular
pathophysiology consists of a vascular
remodeling process with intimal prolif-
eration and vessel obliteration, as well as
a progressive loss of dermal capillaries
and lack of compensatory angiogenesis
following peripheral ischaemia (2, 3).
Therefore Bosentan, although display-
ing beneficial effects on SSc prolifera-
tive vasculopathy aspects, might have
side effects on the peripheral vascular
disease component by interfering with
microvascular endothelial cell (MVEC)
functions. Recent data from our group
showed that Bosentan improves periph-
eral microcirculation in SSc patients,
as demonstrated by the shifting from
the “late” to the “active” nailfold vide-
ocapillaroscopy (NVC) pattern (15). In
another study, long-term treatment with
Bosentan in combination with iloprost
reduced the progression of nailfold mi-
crovascular damage in SSc patients as-
sessed by NVC, over a 3-year follow-up
period (16). These findings suggest that
in SSc Bosentan may have a beneficial
effect on peripheral microvascular dam-
age.

On these premises, we hypothesised
that treatment with Bosentan might
modulate endothelial cell function, thus
fostering angiogenesis. Therefore, the
aim of the present study was to evaluate
in vitro the possible influence of Bosen-
tan on the angiogenic performance
of dermal MVECs and its capacity to
counteract the antiangiogenic effects of
SSc sera.

Materials and methods

Isolation of dermal MVECs

Dermal MVECs were isolated from
forearm biopsy samples of 6 healthy
subjects as previously reported (17).
Briefly, skin biopsy samples were me-

chanically cleaned of epidermis and
adipose tissue to obtain a pure speci-
men of vascularised dermis. Clusters
of round-shaped cells were squeezed
from microvessels and formed colonies
composed of polygonal elements. Such
colonies were detached with ethylen-
ediaminetetraacetic acid, and CD31-
positive cells were subjected to immu-
nomagnetic isolation with Dynabeads
CD31 (Dynal ASA, Oslo, Norway).
Isolated cells were further identified as
MVECs by labelling with anti-factor
VIII-related antigen and anti-CD105
(endoglin) antibodies, and by reprob-
ing with anti-CD31 antibodies. Cells
were maintained in complete MCDB
medium (Sigma-Aldrich, St Louis, MO,
USA) supplemented with 30% heat-
inactivated fetal bovine serum (FBS),
20 pg/ml endothelial cell growth sup-
plement (ECGS; Calbiochem, Notting-
ham, UK), 10 pg/ml hydrocortisone, 15
Ul/ml heparin, and antibiotics (100 UI/
ml penicillin, 100 pg/ml streptomycin,
50 pg/ml amphotericin). MVECs were
used between the third and seventh pas-
sages in culture.

Serum samples

Serum samples were obtained from 8
patients with diffuse cutaneous SSc
(1) and from 8 age- and sex-matched
healthy individuals. Patients were not
on immunosuppressive medications,
corticosteroids or other disease-modify-
ing drugs. Before blood sampling, they
were washed out for 10 days from oral
vasodilating drugs and for 2 months
from intravenous prostanoids. Fresh
venous blood samples were drawn, left
to clot for 30 minutes before centrifuga-
tion at 1,500 g for 15 minutes, and se-
rum was collected and stored in aliquots
at -80°C until used. The study was ap-
proved by the local institutional review
board at the Azienda Ospedaliero-Uni-
versitaria Careggi (AOUC), Florence,
Italy, and all subjects provided written
informed consent.

Cell viability assay

Dermal MVECs were seeded onto 96-
well plates (40 x 10° cells per well) in
complete MCDB medium with 30%
FBS and were left to adhere overnight.
Cells were then washed three times
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with serum-free medium and incubated
in 2% FBS-MCDB medium for addi-
tional 24 hours. Then, MVECs were
incubated for 24 hours in basal MCDB
medium with 2% FBS and Bosentan at
different concentrations (0.1 pM, 1 uM,
10 uM) or 30% serum from SSc pa-
tients (n=8) and healthy subjects (n=8),
alone or in combination with Bosentan
(10 uM). The proliferative effect with
30% FBS was defined as the optimal
growth. Cell viability was determined
by WST-1 (4-[3-(4-iodophenyl)-2-(4-
nitrophenyl)-2H-5-tetrazolio]-1,3-ben-
zene disulfonate) assay (Roche Diag-
nostics, Mannheim, Germany) accord-
ing to the manufacturer’s instructions.
All measurements were performed in
triplicate and the results were expressed
as the percentage increase/decrease in
cell viability over the basal response.

Chemoinvasion assay

The capacity of dermal MVECs to
migrate was evaluated by the Boyden
chamber assay. A 48-well microchemo-
taxis chamber (Neuro Probe, Gaithers-
burg, MD, USA) was used. The 2 com-
partments were separated by a polyvi-
nylpyrrolidone-free polycarbonate fil-
ter with 8 um pore size (Neuro Probe).
To evaluate chemoinvasion, the filter
was coated with Matrigel (50 pg/filter;
BD Biosciences, Bedford, MA, USA).
Fifty microliters of cell suspension
(6.25 x 10° cells) in 2% FBS-MCDB
medium were placed in the upper com-
partment of the Boyden chamber. Test
solutions were dissolved in serum-free
medium and placed in wells of the low-
er compartment. Healthy sera (n=S8)
and SSc sera (n=8) were tested. Basal
MCDB medium was used to verify the
specificity of the effect. In some ex-
perimental points, Bosentan (0.1 uM, 1
uM, 10 uM) was added to the cell sus-
pension. To verify the possible effects
of Bosentan on chemoinvasion induced
by healthy and SSc sera placed in the
lower compartment, Bosentan (10 uM)
was incubated with cells in the upper
compartment. The chamber was incu-
bated at 37°C for 6 hours. The filter
was then removed and fixed with meth-
anol. Non migrating cells on the upper
surface of the filter were removed by
a cotton swab. Cells were stained with
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Diff-Quick (Mertz-Dade/Dade Interna-
tional, Milan, Italy) and counted using
a microscope (x40 magnification) in
10 random fields. The number of cells
moving across the filter was used as the
measure of mobilisation. Experiments
were performed in triplicate. Migration
values were expressed as the mean +
SD number of total cells counted per
filter, or as a percentage of the basal re-
sponse value.

In vitro capillary morphogenesis assay
In vitro capillary morphogenesis assay
was performed in 96-well plates cov-
ered with Matrigel (BD Biosciences).
Matrigel (50 pl; 10-12 mg/ml) was pi-
petted into culture wells and polymer-
ised for 30 minutes to 1 hour at 37°C, as
described elsewhere (17). MVECs (30
x 103 cells/well) were incubated in ba-
sal MCDB medium with 2% FBS and
Bosentan at different concentrations
(0.1 uM, 1 uM, 10 uM) or 30% serum
from SSc patients (n=8) and healthy
subjects (n=8), alone or in combina-
tion with Bosentan (10 pM). Stimula-
tion with recombinant human vascular
endothelial growth factor-A165 (10 ng/
ml; R&D Systems, Minneapolis, MN,
USA) was used as positive control
of angiogenesis. Plates were photo-
graphed at 6 and 24 hours. Results were
quantified at 24 hours by measuring the
percent field occupancy of capillary
projections, as determined by image
analysis. Six to nine photographic fields
from 3 plates were scanned for each ex-
perimental point.

Statistical analysis

Statistical analyses were performed us-
ing the Statistical Package for Social
Sciences (SPSS) software for Win-
dows, version 20.0 (SPSS, Chicago,
IL, USA). Data are shown as mean =+
SD. Student’s t-test or non-parametric
Mann-Whitney U-test were used where
appropriate to test the probability of
significant differences between groups.
A p-value less than 0.05 was consid-
ered statistically significant.

Results

Healthy sera significantly increased
dermal MVEC viability when com-
pared to basal condition (p<0.005),
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Fig. 1. Cell viability and chemoinvasive capacity of human dermal microvascular endothelial cells
(MVECs). (A) Cell viability of dermal MVECs measured by the WST-1 assay. Cell viability was evalu-
ated at basal condition and after stimulation with Bosentan (BOS) at different concentrations (0.1 pM,
1 uM, 10 uM) or 30% serum from patients with diffuse cutaneous systemic sclerosis (SSc) (n=8) and

healthy (H) subjects (n=8), alone or in combination

with BOS (10 uM). Cell viability at basal condition

was set to 100%; the other results are normalised to this value. Data are the mean + SD of three independ-
ent experiments performed in triplicate with each one of the 6 MVEC lines. *p<0.005 and **p<0.001
vs. basal condition, ’p<0.005 vs. healthy sera. (B) Chemoinvasive capacity of dermal MVECs evaluated
by the Boyden chamber assay. Percent increase/decrease of Matrigel invasion was measured at basal
condition and in the presence of 30% serum from patients with diffuse cutaneous SSc (n=8) and healthy
(H) subjects (n=8) placed in the lower chamber compartment. In some experimental points, Bosentan
(0.1 uM, 1 uM, 10 uM) was added to the cell suspension. To verify the possible effects of Bosentan on
chemoinvasion induced by healthy and SSc sera, Bosentan (10 pM) was incubated with cells in the upper
chamber compartment. Chemoinvasion at basal condition was set to 100%; the other results are normal-
ised to this value. Data are the mean + SD of three independent experiments performed in triplicate with
each one of the 6 MVEC lines. *p<0.005 and **p<0.001 vs. basal condition, “p<0.001 vs. healthy sera.

but cell viability was significantly
suppressed when cells were matched
with SSc sera (p<0.005 vs. healthy
sera) (Fig. 1A). In MVECs, Bosentan
induced a significant increase in cell
proliferation at all concentrations tested
compared with the corresponding un-
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treated cells, reaching a maximum at 10
uM (p<0.005 for Bosentan 0.1 pM and
1 uM, p<0.001 for Bosentan 10 pM)
(Fig. 1A). These results indicated that
10 uM Bosentan achieved the maximal
proliferative effect. Therefore, this dose
was subsequently used in combination
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Fig. 2. In vitro angiogenesis assay
results. Upper panel: representative
images of capillary morphogenesis on
Matrigel after 24 hours. Lower panel:
capillary morphogenesis of human
dermal microvascular endothelial cells
(MVECs) quantified as percent field
occupancy of capillary projections.
Percent increase/decrease of capil-
lary morphogenesis was evaluated at
basal condition and after stimulation
with Bosentan (BOS) at different con-
centrations (0.1 uM, 1 pM, 10 pM) or
30% serum from patients with diffuse
cutaneous systemic sclerosis (SSc)
(n=8) and healthy (H) subjects (n=8),
alone or in combination with BOS
(10 uM). Capillary morphogenesis at
basal condition was set to 100%:; the
other results are normalised to this
value. Data are the mean + SD of three
independent experiments performed
in triplicate with each one of the 6
MVEC lines. Six to 9 photographic
fields from 3 plates were scanned for
each experimental point. *p<0.05,
**p<0.01 and ***p<0.005 vs. basal
condition, “p<0.001 vs. healthy sera.

with SSc and healthy control sera. Co-
incubation of MVECs with Bosentan
and healthy sera further promoted cell
proliferation compared to healthy sera
alone (p<0.01) (Fig. 1A). Similarly,
the addition of Bosentan (10 uM) to
MVECs matched with SSc sera induced
a significant increase of cell viability
compared to MVECs challenged with
SSc sera only (p<0.005), reaching lev-
els comparable to those of cells treated
with healthy sera (Fig. 1A).

Healthy sera significantly increased
cell invasion compared with basal con-
dition (p<0.001), while chemoinva-
sion was significantly suppressed after
the addition of SSc sera (p<0.001 vs.
healthy sera) (Fig. 1B). At all concen-
trations, Bosentan was effective in fa-
vouring Matrigel invasion reaching the

maximum effect at 10 uM (p<0.005
for Bosentan 0.1 uM, p<0.001 for
Bosentan 1 uM and 10 uM vs. basal
condition) (Fig. 1B). In the presence
of Bosentan and healthy sera, MVEC
chemoinvasion was significantly high-
er than in the presence of healthy sera
alone (p<0.005) (Fig. 1B). Similarly,
the addition of Bosentan to MVECs
matched with SSc sera increased the
percentage of invading cells as com-
pared with stimulation with SSc sera
alone (p<0.005) (Fig. 1B).

To investigate whether Bosentan was
able to induce in vitro angiogenesis, we
performed capillary morphogenesis on
Matrigel matrix. In this assay, MVECs
usually produce elongated processes
that eventually form anastomosing
cords of cells mimicking a tubular capil-
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lary plexus. Dermal MVECs stimulated
with healthy sera produced an abundant
network of branching cords (p<0.05
vs. basal condition) (Fig. 2). On the
contrary, capillary morphogenesis was
significantly reduced upon challenge
with SSc sera compared both with basal
and healthy sera-treated cells (p<0.005
vs. basal condition, p<0.001 vs healthy
sera) (Fig. 2). When MVECs were in-
cubated with different concentrations of
Bosentan, only the higher concentration
tested (10 uM) showed a significant
proangiogenic effect (p<0.01 vs. basal
condition) (Fig. 2). Co-incubation of
MVECs with Bosentan and healthy sera
further promoted capillary morphogen-
esis compared to cells stimulated with
healthy sera only (p<0.01) (Fig. 2).
Moreover, the addition of Bosentan was
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able to significantly counteract the an-
tiangiogenic effect of SSc sera (p<0.01
vs. SSc sera alone) (Fig. 2).

Discussion

In this in vitro study we evaluated for
the first time the effects of Bosentan on
the capacity of human dermal MVECs
to perform angiogenesis and its possible
ability to counteract the antiangiogenic
effects of sera from SSc patients.
Vascular damage is a primary event in
the pathogenesis of SSc (3). The pro-
gressive vascular injury includes per-
sistent endothelial cell activation/dam-
age and apoptosis, intimal thickening,
vessel narrowing and obliteration (2,
3). These profound vascular changes
lead to vascular tone dysfunction and
reduced capillary blood flow, with con-
sequent tissue ischaemia and severe
clinical manifestations (2, 3). The re-
sulting tissue hypoxia induces complex
cellular and molecular mechanisms in
the attempt to recover endothelial cell
function and tissue perfusion. Never-
theless, in SSc there is no evidence of
significant angiogenesis and the disease
evolves towards chronic tissue ischae-
mia, with progressive and irreversible
structural changes culminating in the
loss of peripheral capillaries (2, 3). In-
creasing evidence indicates that a dys-
regulated expression of a large array of
circulating proangiogenic and antian-
giogenic (angiostatic) factors may be
mostly responsible for the impaired an-
giogenic response found in SSc (2, 3).
Indeed, in vitro studies demonstrated
that serum from SSc patients is toxic
for MVECs and may suppress MVEC
proliferation, migration and vascu-
lar tube formation (2, 18). Currently,
few therapeutic options are available
to promote effective angiogenesis and
capillary regeneration in the course of
SSc (3, 19).

Our data clearly show that Bosentan
exerts a pro-proliferative and pro-chem-
oinvasive effect on dermal MVECs in
a dose-dependent manner, and that it is
able to increase both cell viability and
migration even in the presence of SSc
sera. Moreover, Bosentan is effective in

fostering MVEC angiogenic properties
and may significantly block the inhibi-
tory effects of SSc sera on the forma-
tion of capillary-like structures. These
findings are consistent with recent SSc
clinical studies reporting that Bosentan
treatment may foster the regression of
avascular areas detected by NVC, thus
significantly improving peripheral mi-
crocirculation (15, 16). In this context,
substantial evidence also indicates that
Bosentan is effective in the treatment of
SSc-related PAH and in the prevention
of the occurrence of new digital ulcers
in SSc patients with a past history of
digital vasculopathy (13, 14, 20). Nev-
ertheless, further investigations will be
necessary to provide a mechanistic ex-
planation for the in vitro effects reported
herein.

In summary, together with previous
clinical studies (13-16, 20), our in vitro
findings suggest that, in SSc, Bosentan
treatment may represent a therapeutic
approach effective not only in contrast-
ing proliferative vasculopathy (i.e. PAH
and digital ulcers), but also in promot-
ing angiogenesis and fostering regen-
eration of the peripheral capillary net-
work.

References

1. VAN DEN HOOGEN F, KHANNA D, FRANSEN
J et al.: 2013 classification criteria for sys-
temic sclerosis: an American college of rheu-
matology/European league against rheuma-
tism collaborative initiative. Ann Rheum Dis
2013;72: 1747-55.

2. MANETTI M, GUIDUCCI S, IBBA-MANNE-
SCHI L, MATUCCI-CERINIC M: Mechanisms
in the loss of capillaries in systemic sclerosis:
angiogenesis versus vasculogenesis. J Cell
Mol Med 2010; 14: 1241-54.

3. MATUCCI-CERINIC M, KAHALEH B, WIGLEY
FM: Review: evidence that systemic sclerosis
is a vascular disease. Arthritis Rheum 2013;
65: 1953-62.

4. SHETTY N, DERK CT: Endothelin receptor
antagonists as disease modifiers in systemic
sclerosis. Inflamm Allergy Drug Targets
2011; 10: 19-26.

5. ABRAHAM D, DISTLER O: How does en-
dothelial cell injury start? The role of en-
dothelin in systemic sclerosis. Arthritis Res
Ther 2007; 9 (Suppl. 2): S2.

6. SHI-WEN X, KENNEDY L, RENZONI EA et
al.: Endothelin is a downstream mediator
of profibrotic responses to transforming
growth factor beta in human lung fibroblasts.

S-152

10.

11.

12.

13.

15.

17.

19.

20.

. MULLIGAN-KEHOE M]J,

Arthritis Rheum 2007; 56: 4189-94.

. MAYES MD: Endothelin and endothelin re-

ceptor antagonists in systemic rheumatic dis-
ease. Arthritis Rheum 2003; 48: 1190-9.

. SEO B, OEMAR BS, SIEBENMANN R, VONSE-

GESSER L, LUSCHER TF: Both ETA and ETB
receptors mediate contraction to endothe-
lin-1 in human blood vessels. Circulation
1994; 89: 1203-8.

. VIGNON-ZELLWEGER N, HEIDEN S, MIYAU-

CHI T, EMOTO N: Endothelin and endothelin
receptors in the renal and cardiovascular sys-
tems. Life Sci 2012; 91: 490-500.

BAUER M, WILKENS H, LANGER F, SCHNEI-
DER SO, LAUSBERG H, SCHAFERS HJ: Selec-
tive upregulation of endothelin B receptor
gene expression in severe pulmonary hyper-
tension. Circulation 2002; 105: 1034-6.
FROMMER KW, MULLER-LADNER U:
Expression and function of ETA and ETB re-
ceptors in SSc. Rheumatology (Oxford) 2008;
47 (Suppl. 5): v27-8.

LAGARES D, GARCIA-FERNANDEZ R, JIME-
NEZ CL et al.: Endothelin 1 contributes to the
effect of transforming growth factor beta 1
on wound repair and skin fibrosis. Arthritis
Rheum 2010; 62: 878-89.

COZZI F, PIGATTO E, RIZZO M et al.: Low
occurrence of digital ulcers in scleroderma
patients treated with bosentan for pulmonary
arterial hypertension: a retrospective case-
control study. Clin Rheumatol 2013; 32: 679-
83.

. MATUCCI-CERINIC M, DENTON CP, FURST

DE et al.: Bosentan treatment of digital ul-
cers related to systemic sclerosis: results from
the RAPIDS-2 randomised, double-blind, pla-
cebo-controlled trial. Ann Rheum Dis 2011;
70: 32-8.

GUIDUCCI S, BELLANDO RANDONE S,
BRUNI C et al.: Bosentan fosters microvascu-
lar de-remodelling in systemic sclerosis. Clin
Rheumatol 2012; 31: 1723-5.

. CUTOLO M, ZAMPOGNA G, VREMIS L,

SMITH V, PIZZORNI C, SULLI A: Longterm
effects of endothelin receptor antagonism on
microvascular damage evaluated by nailfold
capillaroscopic analysis in systemic sclero-
sis. J Rheumatol 2013; 40: 40-5.

MANETTI M, GUIDUCCI S, ROMANOE et al.:
Overexpression of VEGF165b, an inhibitory
splice variant of vascular endothelial growth
factor, leads to insufficient angiogenesis in
patients with systemic sclerosis. Circ Res
2011; 109: e14-26.

DRINANE MC,
MOLLMARK J et al.: Antiangiogenic plasma
activity in patients with systemic sclerosis.
Arthritis Rheum 2007; 56: 3448-58.
FLEMING JN, NASH RA, MCLEOD DO et al.:
Capillary regeneration in scleroderma: stem
cell therapy reverses phenotype? PLoS One
2008; 3: e1452.

NGCOZANA T, ONG V, DENTON CP: Man-
agement of digital vasculopathy in systemic
sclerosis: benefits of multiple courses of en-
dothelin-1 receptor antagonists. BMJ Case
Rep 2014 Mar 28; 2014.



