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Effects of Macitentan and Its Active Metabolite on
Cultured Human Systemic Sclerosis and Control Skin
Fibroblasts
Maurizio Cutolo, Paola Montagna, Renata Brizzolara, Vanessa Smith, Elisa Alessandri, 
Barbara Villaggio, Alberto Sulli, Pietro Paolo Tavilla, Carmen Pizzorni, and Stefano Soldano

ABSTRACT. Objective. To investigate the effects of the endothelin 1 (ET-1) receptor antagonists (ETRA)
macitentan, its active metabolite ACT-132577, and bosentan on myofibroblast activation and extra-
cellular matrix production induced by ET-1 in cultured systemic sclerosis (SSc) and control skin
fibroblasts.
Methods. Fibroblasts were obtained from skin biopsies of 6 patients with SSc and 5 healthy subjects.
Some cultured cells were untreated or treated with macitentan, ACT-132577, or bosentan alone (10
μM). Other cultured cells were treated with ET-1 alone (100 nM) or with ETRA, and after 1 h, also
with ET-1. After 48 h of treatment, myofibroblast activation was investigated to evaluate the
a-smooth muscle actin (a-SMA) expression by immunofluorescence; type I collagen (COL-1) and
fibronectin (FN) were investigated by immunocytochemistry, Western blotting, and quantitative
real-time PCR (qRT-PCR). Statistical analysis was performed by the nonparametric Mann-Whitney
U test.
Results. In cultured SSc skin fibroblasts, only the treatment with macitentan significantly reduced
the basal level of a-SMA expression (p = 0.03 vs untreated cells). Macitentan also significantly
reduced the basal level of COL-1 synthesis, similarly to bosentan (p < 0.05 vs untreated cells).
Macitentan or ACT-132577 antagonized the ability of ET-1 to further induce a-SMA expression 
(p = 0.03), COL-1, and FN synthesis (p = 0.03, p = 0.005); bosentan showed similar effects. These
results obtained by immunofluorescence and immunocytochemistry were confirmed by Western
blotting and qRT-PCR. The downregulatory effects exerted by ETRA were observed also in cultured
human control skin fibroblasts.
Conclusion. Macitentan and ACT-132577 seem to downregulate in vitro the profibrotic myo-
fibroblast phenotype induced by ET-1 in cultured human SSc skin fibroblasts. (First Release Jan 15
2015; J Rheumatol 2015;42:456–63; doi:10.3899/jrheum.141070)
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Fibrosis is considered to be one of the advanced patho-
logical features of selected chronic autoimmune diseases,
including systemic sclerosis (SSc)1. In SSc lesional skin, the
progressive tissue fibrosis involves the excessive deposition
of elastin fibrils, fibronectin (FN), fibrillar collagens (type I
and III), as well as the alteration of enzymes that mediate the
posttranslational collagen modifications1. All these events
are associated with an increased presence of a-smooth
muscle actin (a-SMA)-positive myofibroblasts, which are
key mediators of fibrotic tissue remodeling2,3,4,5,6. There-
fore, although the pathogenesis of SSc remains unclear,
myofibroblast activation has been thought to be the most
advanced step following microvascular damage, auto-
immune reactivity, and inflammatory reaction3.

Endothelin 1 (ET-1) is considered one of the known
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mediators of fibrosis, mainly inducing the transition of
fibroblasts into myofibroblasts and then increasing the
extracellular matrix (ECM) protein production7. Constitu-
tive ET-1 signaling was shown to be necessary to activate
the profibrotic gene program induced by transforming
growth factor-β1 in both human lung and skin fibroblasts8,9.
Because the direct link between ET-1 and its receptors (ETA
and ETB) is fundamental to its effects, blocking this inter-
action with ET receptor antagonists (ETRA) is suggested as
a possible strategy to counter the profibrotic process. Both
skin fibrosis and the occurrence of new digital ulcers are
reduced by treatment with ETRA bosentan in patients with
SSc10,11.

Macitentan (ACT-064992) is a new orally active
tissue-targeting molecule that inhibits ETA and ETB
receptors. Compared to other ETRA, macitentan has a
higher tissue penetration and affinity for the lipophilic
setting12. In plasma, the circulating metabolite ACT-132577
has been identified as well as macitentan; this pharmacolog-
ically active metabolite is the result of the oxidative
depropylation of macitentan, and is characterized by lower
potency, similar volume of distribution, and a longer
half-life compared to its precursor (8.4 h for ACT-132577 vs
2 h for macitentan)13.

Our in vitro study aimed to investigate the effects of the
ETRA macitentan and its active metabolite ACT-132577 on
both myofibroblast induction and ECM protein production
mediated by ET-1 in cultured human skin fibroblasts from
patients with SSc and control subjects. Bosentan effects
were also tested.

MATERIALS AND METHODS
Patients and healthy subjects. Full-thickness skin biopsies were obtained
from the clinically involved skin of one-third of the distal forearm of 6
patients with SSc (4 women and 2 men, mean age 65 ± 7 yrs) recruited from
the Division of Rheumatology at the University of Genoa, Italy. Five
age-matched healthy subjects (4 women, 1 man) were enrolled from the
Division of Dermatology of the same university during routine diagnostic
procedures. All patients and healthy subjects gave informed consent, and
the study was conducted according to the Declaration of Helsinki and in
compliance with the internal ethics board of the Division of Dermatology.
The group of patients with SSc fulfilled the new European League Against
Rheumatism/American College of Rheumatology criteria for SSc14. No
severe clinical SSc complications were present at the time of skin sampling,
and patients were treated only with various vasodilators (cyclic
prostanoids). Clinical and demographic data of the patients with SSc
enrolled into the study are summarized in Supplementary Figure 1
(available online at jrheum.org). 
Cell cultures and treatments. Human SSc and control skin fibroblasts were
grown in RPMI 1640 medium supplemented with 10% of fetal bovine
serum (FBS), 1% penicillin-streptomycin, and L-glutamine (Lonza
Clonetic). For the in vitro experiments, human SSc and control skin fibro-
blasts were used between passages 2 and 5.

Fibroblasts were cultured up to 80% of confluence and then maintained
for 18 h in serum-free medium. After serum starvation, some cultured cells
were treated with macitentan, or ACT-132577 or bosentan alone (all 10 µm,
Actelion Pharmaceuticals). Other cultured fibroblasts were treated as
mentioned, and after 1 h, they were also stimulated with ET-1 (100 nM,

Enzo Life Science) to evaluate the antagonizing action of ETRA on the
profibrotic effects of ET-1 in accordance with previous studies9,15.
Moreover, other cultured cells were only treated with ET-1. All treatments
were performed in growth medium at 5% of FBS and maintained for 48 h
based on the results obtained in our previous in vitro study16. Untreated SSc
and control skin fibroblasts, cultured in growth medium at 5% of FBS only,
were used as controls.

In a preliminary step of our study, dilution ranges from 1 nM to 10 µm
for macitentan, and from 10 nM to 100 µm for ACT-132577, were tested to
choose the optimal concentrations able to contrast the ET-1 effects. In
particular, the concentrations of 100 nM and 1 μM for both macitentan and
ACT-132577 were tested together with the concentration of 10 μM to
investigate their contrasting actions on myofibroblast activation and ECM
protein synthesis in cultured SSc and control skin fibroblasts in accordance
with a recent study17. In these preliminary experiments, concentrations of

Figure 1. Evaluation of cell growth in cultured human control skin fibro-
blasts. Cell proliferation analysis by methyltetrazolium salt test (MTT test)
in cultured skin fibroblasts from healthy subjects (n = 5) after 48 h of
treatment. Cultured cells were untreated, treated with ET-1 alone (100
nM), treated with different concentrations of macitentan (range from 1 nM
to 10 μM) and after 1 h also stimulated with ET-1, or treated only with
different concentrations of macitentan (1 nM to 10 μM; top panel).
Cultured cells were untreated, treated with ET-1 alone (100 nM), treated
with different concentrations of ACT-132577 (10 nM to 100 μM) and after
1 h also stimulated with ET-1, or treated only with different concentrations
of ACT-132577 (10 nM to 100 μM; bottom panel). Data were shown as
mean cell number ± SD. * p < 0.05. ** p < 0.01. MTT: 3-(4,5-dimethylth-
iazol-2-yl)-2,5-diphenyltetrazolium bromide test; ET-1: endothelin 1.

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2015. All rights reserved.

 www.jrheum.orgDownloaded on May 24, 2023 from 

http://www.jrheum.org/


458 The Journal of Rheumatology 2015; 42:3; doi:10.3899/jrheum.141070

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2015. All rights reserved.

100 nM and 1 μM for both macitentan and ACT-132577 did not induce any
contrasting effects on the basal levels of a-SMA, type I collagen (COL-1),
and FN, or on the increase in these ECM protein syntheses mediated by
ET-1 in cultured human SSc and control skin fibroblasts (data not shown).

The concentration of bosentan was established in accordance with
previous in vitro studies15,16.
Test using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT). Human control skin fibroblasts were plated into a 96-well tissue
culture test plate (2 × 103 cells/well) and maintained for 18 h in serum-free
medium. After serum starvation, some cultured cells were treated with ET-1
alone (100 nM) or  with different concentrations of macitentan (ranging
from 1 nM to 10 µm) either with or without the addition of ET-1 after 1 h.
This experimental design was also used to treat other cultured fibroblasts
with different concentrations of ACT-132577 (range from 10 nM to 100
µm). All treatments were performed in growth medium at 5% of FBS and
maintained for 48 h. Untreated control skin fibroblasts, cultured in growth
medium at 5% of FBS only, were used as controls. At the end of treatments,
the culture medium was removed and cells were incubated at 37°C, 5%
CO2 in presence of MTT labeling reagent (Sigma-Aldrich) for 3 h. Finally,
100 µl of dimethyl sulfoxide were added to each well18. The absorbance
was measured at 490/620 nm. Five independent experiments were
performed in triplicate.
Immunofluorescence and immunocytochemistry. SSc and control skin
fibroblasts were cultured in Flexi PERM chamber slides (5 × 103 cells/spot,
Millipore) and treated as described in the “Cell cultures and treatments”
paragraph. At the end of treatment, cells were fixed in methanol and
incubated with primary antibody to human a-SMA (dilution 1:100, Dako
Cytomation), a marker of the myofibroblast phenotype7. FITC-immuno-
globulin G (IgG) secondary antibody (dilution 1:200, Cell Signaling
Technology) was used to detect the generated fluorescence. Nuclei were
counterstained with 4′,6-diamidin-2-phenylindole (DAPI, Sigma-Aldrich).

Immunocytochemistry was performed by incubating the cells with
primary antibodies to human COL-1 (dilution 1:100, Abcam) and FN
(dilution 1:100, Sigma-Aldrich). Linked antibodies were detected by
biotinylated universal secondary antibody and subsequently with a horse-
radish peroxidase (HRP)-streptavidine complex (Vector Laboratories). The
analysis of a-SMA expression and ECM protein synthesis were performed
in each experimental condition, evaluating the same number of cells by
light microscopy (magnification 20×, Leica). The subsequent computerized
image analysis was performed by Leica Q500MC Image Analysis System
(Leica). The values of a-SMA expression obtained from each treatment
were normalized to that of the untreated cells (taken as unit value by
definition) and indicated as a level of a-SMA expression. The values of
COL-1 and FN synthesis obtained from each experimental condition were
indicated as levels of protein synthesis. The results of immunofluorescence
and immunocytochemistry were obtained from 6 independent experiments
on cultured SSc skin fibroblasts and 5 independent experiments on cultured
human control skin fibroblasts.
Western blotting. SSc and control skin fibroblasts were cultured up to 80%
of confluence and treated as previously described. At the end of treatments,
cells were lysed with NucleoSpin RNA/protein (Macherey-Nagel). The
protein quantification was performed by the Bradford method. For every
condition, 40 µg of protein were separated by electrophoresis on 8%
Tris-Glycine gel and transferred onto Hybond-C-nitrocellulose membrane
(Life Technologies Ltd.).

After 1 h in blocking solution (PBS1×, 0.1% triton-X, and 5% nonfat
powdered milk), membranes were incubated overnight at 4°C with primary
antibodies anti-human COL-1 (dilution 1:500, Enzo Life Science) and
anti-human FN (dilution 1:1000, Sigma-Aldrich). Membranes were also
incubated with primary HRP-conjugated antibody to human-actin (dilution
1:10,000, Santa-Cruz Biotechnology) to confirm similar loading of gels
and efficiency in the electrophoretic transfer.

Membranes were subsequently incubated with secondary antibodies
antirabbit IgG for COL-1 (dilution 1:2000, Cell Signaling Technology) and

antimouse IgG for FN (dilution 1:5000, GE Healthcare Europe). Protein
synthesis was detected using the enhanced chemiluminescence system
(Luminata Crescendo). Densitometric analysis was performed by Leica
Q500MC Image Analysis System (Leica).

For each experimental condition, the values of COL-1 and FN synthesis
were normalized to those of the corresponding actin. The resulting values
of each treatment were compared to that of the untreated cells (taken as unit
value by definition) to obtain the level of protein synthesis. Western
blotting was performed on 5 independent experiments on cultured human
skin fibroblasts from patients with SSc and 4 independent experiments on
cultured human skin fibroblasts from healthy subjects.
Quantitative real-time PCR (qRT-PCR). SSc skin fibroblasts were cultured
up to 80% of confluence and treated as previously described. Total RNA
was extracted with NucleoSpin RNA/protein (Macherey-Nagel) and
quantified by NanoDrop (Thermo Scientific), which also evaluates RNA
integrity, in accordance with the manufacturer’s protocol. For each experi-
mental condition, first-strand cDNA was synthesized from 1 µg of total
RNA using QuantiTect Reverse Transcription Kit (Qiagen).

The qRT-PCR was performed on an Eppendorf Realplex 4 Mastercycler
using Real MasterMix SYBR Green detection system (Eppendorf) in a total
volume of 10 µl loaded in triplicate. Primers for COL-1 (NM_000088), FN
(NM_002026), and β-actin (NM_001101, housekeeping gene) were
supplied by Primerdesign.

Gene expression values were calculated using the comparative ΔΔCT
method and they corresponded to the expression level (fold increase) of the
target gene compared to the calibrator sample (untreated cells) taken as unit
value by definition19. In all qRT-PCR, the melting curve was performed to
confirm the specificity of the SYBR green assay. The qRT-PCR was
performed on 5 independent experiments on SSc skin fibroblasts.
Statistical analysis. The statistical analysis was carried out by the nonpara-
metric Mann-Whitney U test to compare unpaired treatments. Any p value
lower than 0.05 was considered statistically significant. Final results of the
MTT test, immunofluorescence, immunocytochemistry, Western blotting,
and qRT-PCR were the mean of the results obtained from the independent
experiments performed on in vitro cultures of skin fibroblasts isolated from
each patient with SSc and healthy subject. These results were indicated as
mean ± SD.

RESULTS
Determination of functional concentrations of macitentan
and ACT-132577 able to antagonize the mitogenic effects of
ET-1. The MTT test showed that 10 µm was the only
concentration of macitentan that could significantly antag-
onize the ET-1–induced increase in cell proliferation
(macitentan 10 µm/ET-1 vs ET-1–treated cells, p = 0.03,
Figure 1). This concentration did not show any cytotoxic
effect, although a limited reduction in cell growth (6.5%)
was observed versus untreated skin fibroblasts (Figure 1).
The concentrations of ACT-132577 that significantly
contrasted the increase in cell proliferation induced by ET-1
were 10 µm and 100 µm (p = 0.016 for ACT-132577 10
µm/ET-1 and p = 0.008 for ACT-132577 100 µm/ET-1 and
vs ET-1–treated cells, Figure 1). Compared to untreated
cells, the ACT-132577 concentration of 100 µm determined
an important cell growth decrease (21%), while the concen-
tration of 10 µm did not show any cytotoxic effect or
reduction in fibroblast growth (Figure 1).

Therefore, both macitentan and ACT-132577 seemed to
be functionally active at the same concentration (10 µm) in
contrasting the ET-1–induced effects on cell proliferation in
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cultured human control skin fibroblasts. The concentration
of 10 µm was the same used for the in vitro treatment of skin
fibroblasts with bosentan, because it was already demon-
strated in several other studies15,16. Based on MTT results,
the concentration of macitentan and ACT-132577 used in
subsequent experiments was 10 µm.
Evaluation of a-SMA expression and ECM protein synthesis
in cultured SSc and control skin fibroblasts. At basal
condition (untreated cells), SSc skin fibroblasts showed a
higher expression of a-SMA and a significantly higher
COL-1 synthesis compared to control skin fibroblasts (p =
0.016), as observed by immunofluorescence and immuno-
cytochemistry (Supplementary Figure 2 and Supplementary
Figure 3A, available online at jrheum.org, and Figure 3). No
differences in FN synthesis were observed between both cell
types (Supplementary Figure 3A).
Effects of macitentan, ACT-132577, and bosentan on
a-SMA expression and ECM protein synthesis in cultured
SSc and control skin fibroblasts. As assessed by immuno-
fluorescence and immunocytochemistry, the treatment with
macitentan induced a significant reduction in a-SMA
expression in cultured SSc skin fibroblasts compared to
untreated cells (p = 0.03), whereas ACT-132577 or
bosentan did not significantly reduce the expression of this
activated myofibroblast marker (Figure 2; Supplementary

Figure 2). On these cultured cells, treatment with
macitentan also induced a significant decrease in COL-1
synthesis compared to the untreated cells, similar to the
decrease observed in bosentan treatment (p = 0.02 and p =
0.016, respectively; Figure 3; Supplementary Figure 3A).
ACT-132577 induced a nonsignificant reduction in COL-1
synthesis compared to SSc untreated cells (Figure 3;
Supplementary Figure 3A).

At the same time, no effects were observed by treatment
with macitentan, ACT-132577, or bosentan on FN synthesis
compared to untreated cells (Supplementary Figure 3A).
However, Western blotting showed that treatment with
either macitentan or bosentan for 48 h induced a nonsignifi-
cant reduction in COL-1 and FN synthesis compared to
untreated SSc skin fibroblasts (Figure 4).

On the contrary, in cultured control skin fibroblasts,
treatment with macitentan, ACT-132577, or bosentan did
not induce any modulatory effects on either a-SMA
expression or ECM protein synthesis compared to untreated
cells, as observed by immunofluorescence and immuno-
cytochemistry (Supplementary Figure 2 and Supplementary
Figure 3A, available online at jrheum.org, and Figure 3). 
Effects of macitentan, ACT-132577, and bosentan on 
ET-1–induced expression of a-SMA and ECM protein
synthesis in cultured SSc and control skin fibroblasts. The

Figure 2. Evaluation of a-SMA expression in cultured SSc skin fibroblasts by
immunofluorescence. Immunofluorescence image analysis of a-SMA
expression in cultured human skin fibroblasts from patients with SSc (n = 6)
after 48 h of treatment. Cultured skin fibroblasts were either untreated or
treated with macitentan (10 μM), ACT-132577 (10 μM), or bosentan (10 μM)
alone (left part of histogram). Cultured skin fibroblasts were untreated, treated
with ET-1 (100 nM), treated with macitentan, ACT-132577, or bosentan (all 10
μM) and after 1 h, also stimulated with ET-1 (right part of histogram). The
image analysis was performed by evaluating the same number of cells for each
experimental condition by light microscopy (magnification 20×). The values
of a-SMA expression obtained from each treatment were normalized to that of
untreated cells (taken as unit value by definition) and showed as mean ± SD
of a-SMA expression level. * p < 0.05. a-SMA: a-smooth muscle actin; SSc:
systemic sclerosis; ET-1: endothelin 1.
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stimulation by ET-1 induced a significant increase in
a-SMA expression, as well as in COL-1 and FN synthesis in
cultured SSc skin fibroblasts compared to untreated cells 
(p = 0.03 for a-SMA, p = 0.02 for COL-1, p = 0.005 for FN;

Figure 2 and Figure 3; Supplementary Figures 2 and 3B). Of
note, in these cultured cells, the treatment with macitentan
significantly antagonized the ability of ET-1 to increase the
expression of a-SMA as well as the synthesis of both ECM

Figure 3. Evaluation of ECM protein synthesis in cultured SSc and control skin fibroblasts by immunocyto-
chemistry. Immunocytochemistry image analysis of COL-1 and FN synthesis in cultured skin fibroblasts from
patients with SSc (n = 6) and healthy subjects (n = 5) after 48 h of treatment. Cultured SSc and control skin
fibroblasts were untreated or treated with macitentan, ACT-132577, or bosentan (all 10 μM, left part of
histogram). Cultured SSc and control skin fibroblasts were untreated, treated with ET-1 alone (100 nM),
macitentan, ACT-132577, or bosentan (all 10 μM) and after 1 h also stimulated with ET-1 (middle and right
parts of histogram). The values of protein synthesis were obtained by evaluating the same number of cells in
each experimental condition. The data of COL-1 and FN synthesis were shown as mean ± SD and indicated as
level of COL-1. * p < 0.05. ** p < 0.01. ECM: extracellular matrix; COL-1: type I collagen; FN: fibronectin;
SSc: systemic sclerosis; ET-1: endothelin 1.

Figure 4. Evaluation of ECM protein synthesis in cultured SSc skin
fibroblasts by Western blotting. Western blotting and relative densito-
metric analysis of COL-1 and FN synthesis in cultured skin fibro-
blasts from patients with SSc (n = 5) after 48 h of treatment.
Cultured skin fibroblasts were either untreated or treated with
macitentan (10 μM), ACT-132577 (10 μM), or bosentan (10 μM)
alone (left image and part of histogram). Cultured SSc skin fibro-
blasts were untreated, treated with ET-1 (100 nM), macitentan,
ACT-132577, or bosentan (all 10 μM) and after 1 h also stimulated
with ET-1 (right image and part of histogram). For each experi-
mental condition, the values of COL-1 and FN synthesis were
normalized to that of the corresponding actin. The values of protein
synthesis obtained for each treatment were normalized to that of the
untreated cells taken as unit value by definition. The data of COL-1
and FN synthesis were shown as mean ± SD and indicated as level of
protein synthesis. ECM: extracellular matrix; SSc: systemic sclerosis;
COL-1: type I collagen; FN: fibronectin; ET-1: endothelin 1.
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proteins (macitentan/ET-1 vs ET-1–treated cells, p = 0.03
for a-SMA and COL-1, p = 0.005 for FN; Figure 2 and
Figure 3; Supplementary Figures 2 and 3B). Similar results
were observed by treatment with ACT-132577, which
significantly contrasted the ET-1–induced increase in
a-SMA expression and ECM protein synthesis
(ACT-132577/ET-1 vs ET-1–treated cells, p = 0.03 for
a-SMA and COL-1, p = 0.005 for FN; Figure 2 and Figure
3; Supplementary Figures 2 and 3B). Treatment with
bosentan was confirmed to significantly antagonize the
ability of ET-1 to increase the a-SMA expression, COL-1,
and FN synthesis in cultured SSc skin fibroblasts
(bosentan/ET-1 vs ET-1–treated cells, p = 0.03 for all ECM
proteins; Figures 2 and 3; Supplementary Figures 2 and
3B)8. All these data were obtained by immunofluorescence
and immunocytochemistry.

The effects of ET-1, macitentan, ACT-132577, and
bosentan on a-SMA expression and ECM protein synthesis
were also evaluated in cultured control skin fibroblasts. On
these cells, ET-1 induced the expression of a-SMA and a
significant increase in COL-1 and FN synthesis compared to
untreated fibroblasts (p = 0.03 for both ECM proteins;
Supplementary Figure 2, Supplementary Figure 3B, and
Figure 3). Treatment with macitentan, ACT-132577, or
bosentan inhibited the expression of this myofibroblast
phenotype marker and significantly antagonized the
increase in ECM protein synthesis when the cells were
subsequently stimulated with ET-1 (vs ET-1–treated cells
for COL-1 and FN, p = 0.03; Supplementary Figure 2,
Supplementary Figure 3B, and Figure 3).

No significant differences were observed between the
ETRA in contrasting the ET-1–induced increase in ECM
protein synthesis in both cultured SSc and control skin
fibroblasts (Figure 3). All these data were obtained by
immunofluorescence and immunocytochemistry.

Western blotting analysis showed similar results to those
reported above, primarily on COL-1 and FN synthesis
(Figure 4; Supplementary Figure 4, available online at
jrheum.org).
Effects of macitentan, ACT-132577, and bosentan on ECM
gene expression in cultured SSc skin fibroblasts. In cultured
SSc skin fibroblasts, qRT-PCR showed that treatment with
macitentan as well as bosentan significantly reduced the
gene expression of COL-1 compared to the untreated cells
(p = 0.047 for macitentan; p = 0.03 for bosentan),
confirming the results obtained by immunocytochemistry
(Figure 5). Conversely, ET-1 induced a significant increase
in the gene expression of COL-1 and FN compared to the
untreated cells (p = 0.03 for both; Figure 5). Treatment with
macitentan, ACT-132577, or bosentan significantly antago-
nized the ability of ET-1 to increase the gene expression of
these ECM molecules (macitentan/ET-1, ACT-132577/ET-1,
and bosentan/ET-1 vs ET-1, p = 0.03 for COL-1, p < 0.05 for
FN; Figure 5).

DISCUSSION
The results of our in vitro study suggest that macitentan, a
new tissue-targeting dual ETRA, may downregulate the
expression of a-SMA as a marker of an activated myo-
fibroblast phenotype in cultured SSc skin fibroblasts. The
downregulatory effect of macitentan on the a-SMA
expression was found to be greater than that mediated by its
active metabolite ACT-132577 or bosentan. This ability
might be attributed to the higher affinity of macitentan for
ET receptors, especially for ETA, which seems involved in
the in vitro myofibroblast phenotype induction12,20. It might
be interesting to evaluate the effects of macitentan on
a-SMA expression in comparison with selected ETA
receptor antagonists such as sitaxentan or ambrisentan. Of
note, similar to bosentan, macitentan reduced the basal level
of COL-1 synthesis, suggesting that both ETRA may
attenuate the transition into the myofibroblast phenotype
from human SSc skin fibroblasts, at least in vitro.

The ability of macitentan to antagonize the increase in
a-SMA expression and ECM protein synthesis was also
maintained after ET-1 stimulation both in cultured SSc and
control skin fibroblasts. In the same way, the treatment
with ACT-132577 as well as bosentan blocked the ET-1–

Figure 5. Evaluation of ECM protein expression in cultured SSc skin
fibroblasts by qRT-PCR. qRT-PCR analysis of COL-1 and FN gene
expression in cultured skin fibroblasts from patients with SSc (n = 5) after
48 h of treatment. Cultured skin fibroblasts were either untreated or treated
with macitentan (10 μM), or ACT-132577 (10 μM), or bosentan (10 μM)
alone (left part of histogram). Cultured skin fibroblasts were untreated,
treated with ET-1 (100 nM), macitentan, ACT-132577, or bosentan (all 10
μM) and after 1 h also stimulated with ET-1 (middle and right part of
histogram). For each treatment, the gene expression values correspond to a
fold expression (expression level or fold increase) of the target gene
compared to the calibrator sample (untreated cells), taken as unit value by
definition. The data of COL-1 and FN expression were shown as mean ±
SD and indicated as gene expression levels. * p < 0.05. ECM: extracellular
matrix; SSc: systemic sclerosis; qRT-PCR: quantitative real-time PCR;
COL-1: type I collagen; FN: fibronectin; ET-1: endothelin 1.
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induced increase in a-SMA expression and ECM protein
synthesis.

All these observations suggest that ET-1 might be an
important molecule involved in the activation and main-
tenance of the activated myofibroblast phenotype in SSc8,9.

One recent study confirms inhibitory effects of
macitentan (limited to the a-SMA expression) in cultured
skin fibroblasts from patients with SSc and healthy subjects
using a combination of very low concentrations of both
macitentan and ACT-132577 (concentrations of 1 µm and 6
µm, respectively)17. Conversely, our study found inhibitory
effects on a-SMA expression and also on ECM protein
synthesis for both compounds tested individually in cultured
skin fibroblasts using slightly higher concentrations
(macitentan and ACT-132577 10 µm).

ACT-132577 was found to be active in vitro and without
any toxic effect when used in the same effective concen-
tration of the parent compound (macitentan), even if it was
about 5- to 10-fold less effective than macitentan in its
capability to inhibit the binding between ET-1 and its
receptors12,21,22.

The results of our study are in agreement with investiga-
tions showing that ET-1 mediates in vitro myofibroblast
differentiation of lung fibroblasts and their ECM protein
synthesis through the interaction with its receptors7,8,9,23.

Interestingly, one study showed that ET-1 promotes
experimental cardiac fibrosis, inducing the activation of the
endothelial-to-mesenchymal transition (EndoMT) process24.
The EndoMT process is characterized by the ability of
vascular endothelial cells to express myofibroblast markers
(i.e., a-SMA, vimentin, S100A4/fibroblast specific protein
1) and to differentiate into myofibroblasts. This mechanism
seems to be implicated in several fibrotic conditions, such as
idiopathic pulmonary hypertension, as well as cardiac,
renal, and skin fibrosis in diabetes25,26. Moreover, EndoMT
has been suggested to have a role in the pathogenesis of
SSc27,28. These observations further support that ET-1 might
have a role in the early phase of the fibrotic process,
following the microvascular damage3,25,29,30.

ET-1 was confirmed to increase the expression of
a-SMA, COL-1, and FN in cultured SSc and control skin
fibroblasts, further suggesting a possible role in the
complex pathogenesis of SSc. Based on these observa-
tions, ET-1 might contribute to the transition from the early
microvascular damage to the fibrotic progression of the
disease. Macitentan seems to have important effects in
contrasting the profibrotic myofibroblast phenotype in
cultured SSc skin fibroblasts, reducing the basal levels of
a-SMA and COL-1 expressions. Therefore, macitentan, its
active metabolite ACT-132577, and bosentan might have
downregulatory effects in the early phases of the fibrotic
process that characterizes SSc disease progression31,32,33.
Based on present results, a new study is in progress to
investigate the functional relevance of macitentan and its

active metabolite, evaluating their ability to contrast the
activation of intracellular signaling pathways linked to the
profibrotic effects mediated by ET-1 and to contrast the
enhanced contractile fibrotic phenotype of SSc skin
fibroblasts.

ONLINE SUPPLEMENT
Supplementary data for this article are available online at jrheum.org.

REFERENCES
   1.    Bhattacharyya S, Wey J, Varga J. Understanding fibrosis in

systemic sclerosis: shifting paradigms, emerging opportunities. Nat
Rev Rheumatol 2012;8:42-54.

   2.    Hinz B, Phan SH, Thannickal VJ, Prunotto M, Desmoulière A,
Varga J, et al. Recent developments in myofibroblast biology:
paradigms for connective tissue remodeling. Am J Pathol
2012;180:1340-55.

   3.    Wynn T, Ramalingam TR. Mechanisms of fibrosis: therapeutic
translation for fibrotic disease. Nat Med 2012;18:1028-40.

   4.    Rosenbloom J, Castro SV, Jimenez SA. Narrative review: fibrotic
diseases: cellular and molecular mechanisms and novel therapies.
Ann Intern Med 2010;152:159-66.

   5.    Kalluri R, Zeisberg M. Fibroblasts in cancer. Nat Rev Cancer
2006;6:392-401.

   6.    Gabbiani G. The myofibroblast in wound healing and 
fibrocontractive diseases. J Pathol 2003;200:500-3.

   7.    Leask A. Towards an anti-fibrotic therapy for scleroderma:
targeting myofibroblast differentiation and recruitment.
Fibrogenesis Tissue Repair 2010;3:8. 

   8.    Lagares D, García-Fernández RA, Jiménez CL, Magán-Marchal N,
Busnadiego O, Lamas S, et al. Endothelin 1 contributes to the
effect of transforming growth factor beta1 on wound repair and
skin fibrosis. Arthritis Rheum 2010;62:878-89. 

   9.    Shi-wen X, Rodríguez-Pascual F, Lamas S, Holmes A, Howat S,
Pearson JD, et al. Constitutive ALK5-independent c-Jun N-terminal
kinase activation contributes to endothelin-1 overexpression in
pulmonary fibrosis: evidence of an autocrine endothelin loop
operating through the endothelin A and B receptors. Mol Cell Biol
2006;26:5518-27.

 10.    Kuhn A, Haust M, Ruland V, Weber R, Verde P, Felder G, et al.
Effect of bosentan on skin fibrosis in patients with systemic
sclerosis: a prospective, open-label, non-comparative trial.
Rheumatology 2010;49:1336-45.

 11.    Matucci-Cerinic M, Denton CP, Furst DE, Mayes MD, Hsu VM,
Carpentier P, et al. Bosentan treatment of digital ulcers related to
systemic sclerosis: results from the RAPIDS-2 randomised, 
double-blind, placebo-controlled trial. Ann Rheum Dis 2011;
70:32-8.

 12.    Iglarz M, Binkert C, Morrison K, Fischli W, Gatfield B, Treiber A,
et al. Pharmacology of macitentan, an orally active tissue-targeting
dual endothelin receptor antagonist. J Pharmacol Exp Ther
2008;327:736-45.

 13.    Sidharta PN, van Giersbergen PL, Halabi A, Dingemanse J.
Macitentan: entry-into-humans study with a new endothelin
receptor antagonist. Eur J Clin Pharmacol 2011;67:977-84.

 14.    van den Hoogen F, Khanna D, Fransen J, Johnson SR, Baron M,
Tyndall A, et al. 2013 classification criteria for systemic sclerosis:
an American College of Rheumatology/European League Against
Rheumatism collaborative initiative. Arthritis Rheum
2013;65:2737-47.

 15.    Shi-wen X, Kennedy L, Renzoni EA, Bou-Gharios G, du Bois RM,
Black CM, et al. Endothelin is a downstream mediator of 
profibrotic response of transforming growth factor beta in human

 www.jrheum.orgDownloaded on May 24, 2023 from 

http://www.jrheum.org/


463Cutolo, et al: Macitentan effects in SSc skin fibrosis

lung fibroblasts. Arthritis Rheum 2007;56:4189-94.
 16.    Soldano S, Montagna P, Brizzolara R, Ferrone C, Parodio A, Sulli

A, et al. Endothelin receptor antagonists: effects on extracellular
matrix synthesis in primary cultures of skin fibroblasts from
systemic sclerosis patients. Reumatismo 2012;64:326-34. 

 17.    Corallo C, Pecetti G, Iglarz M, Volpi N, Franci D, Montella A, et
al. Macitentan slows down the dermal fibrotic process in systemic
sclerosis: in vitro findings. J Biol Regular Homeost Agents
2013;27:455-62.

 18.    Cory AH, Owen TC, Barltrop JA, Cory JG. Use of an aqueous
soluble tetrazolium/formazan assay for cell growth assays in
culture. Cancer Commun 1991;3:207-12.

 19.    Livak KJ, Schmittgen TD. Analysis of relative gene expression data
using real-time quantitative PCR and the 2(-Delta Delta C (T))
Method. Methods 2001;25:402-8.

 20.    Weng CM, Yu CC, Kuo ML, Chen BC, Lin CH. Endothelin-1
induces connective tissue growth factor expression in human lung
fibroblasts by ETAR-dependent JNK/AP-1 pathway. Biochem
Pharmacol 2014;88:402-11.

 21.    Bruderer S, Marjason J, Sidharta PN, Dingemanse J.
Pharmacokinetics of macitentan in caucasian and Japanese subjects:
the influence of ethnicity and sex. Pharmacology 2013;91:331-8.

 22.    Sidharta PN, van Giersbergen PL, Dingemanse J. Safety, 
tolerability, pharmacokinetics, and pharmacodynamics of
macitentan, an endothelin receptor antagonist, in an ascending
multiple-dose study in healthy subjects. J Clin Pharmacol
2013;53:1131-8.

 23.    Leask A. The role of endothelin-1 signaling in the fibrosis observed
in systemic sclerosis. Pharmacol Res 2011;63:502-3.

 24.    Widyantoro B, Emoto N, Nakayama K, Anggrahini DW, Adiarto S,
Iwasa N, et al. Endothelial cell-derived endothelin-1 promotes
cardiac fibrosis in diabetic hearts through stimulation of

endothelial-to-mesenchymal transition. Circulation 2010;
121:2407-18.

 25.    Piera-Velazquez S, Li Z, Jimenez SA. Role of 
endothelial-mesenchymal transition (EndoMT) in the 
pathogenesis of fibrotic disorders. Am J Pathol 2011;179:1074-80.

 26.    Karasek MA. Does transformation of microvascular endothelial
cells into myofibroblasts play a key role in the etiology and
pathology of fibrotic disease? Med Hypotheses 2007;68:650-5.

 27.    Manetti M, Guiducci S, Matucci-Cerinic M. The origin of the
myofibroblast in fibroproliferative vasculopathy: does the
endothelial cell steer the pathophysiology of systemic sclerosis?
Arthritis Rheum 2011;63:2164-7. 

 28.    Zeisberg EM, Tarnavski O, Zeisberg M, Dorfman AL, McMullen
JR, Gustafsson E, et al. Endothelial-to-mesenchymal transition
contributes to cardiac fibrosis. Nat Med 2007;13:952-61. 

 29.    Mouthon L, Mehrenberger M, Teixeira l, Fakhouri F, Bérezné A,
Guillevin L, et al. Endothelin-1 expression in scleroderma renal
crisis. Hum Pathol 2011;42:95-102.

 30.    Sulli A, Soldano S, Pizzorni C, Montagna P, Secchi ME, Villaggio
B, et al. Raynaud’s phenomenon and plasma endothelin: 
correlations with capillaroscopic patterns in systemic sclerosis. 
J Rheumatol 2009;36:1235-9.

 31.    Cutolo M. Disease modification in systemic sclerosis. Do integrated
approaches offer new challenges? Z Rheumatol 2013;72:326-8.

 32.    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 sclerosis. J Rheumatol 2013;40:40-5.

 33.    Cutolo M, Sulli A, Smith V. Assessing microvascular changes in
systemic sclerosis diagnosis and management. Nat Rev Rheumatol
2010;6:578-87.

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2015. All rights reserved.

 www.jrheum.orgDownloaded on May 24, 2023 from 

http://www.jrheum.org/

