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Abstract: The aim of this study was to determine the role of endothelin-1 (ET-1), a molecule involved
in multiple vascular and fibrosing abnormalities, as a biomarker of interstitial lung disease (ILD),
as well as its use for the differential diagnosis between idiopathic pulmonary fibrosis (IPF) and
ILD associated with autoimmune diseases (AD-ILD), using a large and well-defined cohort of
patients with ILD. A total of 112 patients with IPF, 91 patients with AD-ILD (28 rheumatoid arthritis
(RA), 26 systemic sclerosis, 20 idiopathic inflammatory myositis and 17 interstitial pneumonia with
autoimmune features) and 44 healthy controls were included. ET-1 serum levels were determined by
enzyme-linked immunosorbent assay. A significant increase in ET-1 levels was found in patients with
IPF compared to controls. Likewise, AD-ILD patients also showed higher ET-1 levels than controls
when the whole cohort was stratified by the type of AD. Similar ET-1 levels were found in IPF and
AD-ILD patients, regardless of the underlying AD. Interestingly, increased ET-1 levels were correlated
with worse lung function in IPF and RA-ILD patients. Our study supports that serum ET-1 may be
useful as a biomarker of ILD, although it could not help in the differential diagnosis between IPF and
AD-ILD. Moreover, ET-1 levels may be associated with ILD severity.

Keywords: interstitial lung disease; idiopathic pulmonary fibrosis; interstitial lung disease associated
with autoimmune diseases; biomarker; endothelin-1
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1. Introduction

Idiopathic pulmonary fibrosis (IPF) and interstitial lung disease associated with au-
toimmune diseases (AD-ILD) are two relevant groups of chronic parenchymal pulmonary
disorders encompassed under the term interstitial lung disease (ILD) [1]. IPF is the most
frequent and severe ILD triggered by an unknown cause, whereas AD-ILD are constituted
by different systemic rheumatic diseases characterized by a dysregulation of the immune
system in which lung involvement is a common extraarticular manifestation [1–4]. In this
regard, it was previously reported that among the spectrum of AD, ILD is more frequently
found in patients with rheumatoid arthritis (RA), systemic sclerosis (SSc) and idiopathic
inflammatory myositis (IIM) [3]. Interestingly, there is also a significant prevalence of
patients with interstitial pneumonia with autoimmune features (IPAF), characterized by the
presence of ILD and clinical, serological, radiographic and/or histological characteristics
that suggest the presence of an underlying AD, but who do not fulfill the diagnostic criteria
for any specific AD [3,5]. An increased risk of morbidity and mortality is found in ILD
patients, with IPF patients having a worse prognosis [1–4,6,7]. Consequently, an early
and precise diagnosis of ILD is crucial for the better management and adequate treatment
of these patients. However, its diagnosis is often difficult and delayed, constituting a
significant concern for clinicians [1,2].

Endothelin-1 (ET-1) is a molecule mainly produced by the vascular endothelium that
plays a key role in vascular tone homeostasis [8,9]. In this regard, elevated ET-1 levels have
been associated with vasoconstriction, vascular hypertrophy, inflammation and pulmonary
fibrosis [10–14]. Accordingly, it is involved in the pathogenesis of numerous acute and
chronic lung diseases, including asthma, chronic obstructive pulmonary disease, lung
malignancies, acute respiratory distress syndrome, pulmonary arterial hypertension and
parenchymal lung diseases [10,13,14]. In particular, a profibrotic role of ET-1 has been
described in patients with IPF [15,16]. In addition, it has been suggested as a potential
biomarker of SSc-ILD [17–21]. However, further studies in a large cohort of IPF patients
and in different types of AD-ILD are required to shed light on this issue.

In view of the above, in this study we aimed to determine the role of serum ET-1 as a
biomarker of ILD, as well as its use for the differential diagnosis between IPF and AD-ILD,
using a large and well-defined cohort of patients with ILD.

2. Results
2.1. ET-1 as a Biomarker of ILD

First, we studied the role of ET-1 in the pathogenesis of ILD. In this regard, a statistically
significant increase in ET-1 serum levels in patients with ILD (both AD-ILD and IPF)
compared to healthy controls was disclosed (Figure 1A). In particular, the mean ET-1
level in patients with AD-ILD and IPF was 1.44 ± 0.81 pg/mL and 1.35 ± 0.46 pg/mL,
respectively, whereas in controls it was 0.86 ± 0.35 pg/mL. This significant increase in
ET-1 serum levels was also found when the whole cohort of AD-ILD patients was stratified
according to the different types of AD (Figure 1B, Table S1).

To confirm the usefulness of ET-1 to discriminate patients with ILD from healthy
controls, receiver operating characteristic (ROC) curve was performed (Figure 2). The
area under the curve was 0.803 (95% confidence interval: 0.728–0.878). Based on this, the
optimal cut-off value for ET-1 levels showing the best sensitivity (82.0%) and specificity
(71.4%) was 0.88 pg/mL.

2.2. ET-1 for the Differential Diagnosis between ILD Patients

Secondly, we analyzed whether ET-1 may be useful for the differential diagnosis
between AD-ILD and IPF patients. In this regard, similar ET-1 levels were found in these
patients (Figure 1A). In fact, no significant differences were observed between the ET-1
levels of patients with IPF and each subtype of AD (RA-ILD, SSc-ILD, IIM-ILD or IPAF)
(Figure 1C, Table S1).
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Figure 1. Differences in ET-1 serum levels in all the individuals included in the study. (A) Comparison
of ET-1 levels between all the study groups; (B) Comparison of ET-1 levels between each type of
AD-ILD patient and healthy controls; (C) Comparison of ET-1 levels between each type of AD-ILD
and IPF patient. Horizontal bars indicate the mean value of each study group. Significant results are
highlighted in bold.
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Figure 2. Receiver operating characteristic (ROC) curve indicating the power of serum ET-1 for the
diagnosis of patients with ILD. The solid line represents the ROC curve that joins the different cut-off
points. The dotted line drawn from point 0 to 100 shows the diagonal reference line. AUC = Area
under the curve.

2.3. Association of ET-1 with Clinical Characteristics of Patients with ILD

We also assessed the relationship of ET-1 serum levels with the clinical characteristics
of all the patients included in this study. Regarding pulmonary function tests (PFTs), a
negative correlation between ET-1 serum levels and both forced vital capacity (FVC) and
diffusing capacity of the lungs for carbon monoxide was disclosed in IPF patients (Figure 3,
Table 1). Likewise, a negative correlation between ET-1 serum levels and FVC and forced
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expiratory volume in one second (FEV1) was found in AD-ILD patients (Table 1). This
finding was specifically related to RA-ILD patients (Figure 4, Table S2).
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Figure 3. Partial correlation between ET-1 serum levels and FVC (A) and DLCO (B) in IPF patients.

Table 1. Association between ET-1 serum levels and clinical characteristics of the patients included in
the study.

IPF Patients AD-ILD Patients

Variable r p r p

FVC (% predicted) −0.21 0.031 −0.35 0.002
FEV1 (% predicted) −0.15 0.119 −0.30 0.010
DLCO (% predicted) −0.25 0.021 −0.16 0.257

Variable Category Mean ± SD
[pg/mL] p Mean ± SD

[pg/mL] p

HRCT pattern UIP 1.35 ± 0.46 - 1.49 ± 0.83
0.354NSIP - 1.30 ± 0.65

AD: autoimmune diseases; DLCO: diffusing capacity of the lungs for carbon monoxide; FEV1: forced expiratory
volume in one second; FVC: forced vital capacity; HRCT: high-resolution computed tomography; ILD: interstitial
lung disease; IPF: idiopathic pulmonary fibrosis; NSIP: non-specific interstitial pneumonia; SD: standard deviation;
UIP: usual interstitial pneumonia. UIP category includes patients with both UIP and probable UIP pattern for
AD-ILD patients. Significant results are highlighted in bold.
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Figure 4. Partial correlation between ET-1 serum levels and FVC (A) and FEV1 (B) in RA-ILD patients.

No significant differences were found between the ET-1 levels and other clinical
characteristics of patients with IPF, the whole cohort of AD-ILD patients or each type of
AD-ILD patient (Tables 1 and S2).
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3. Discussion

The study of biomarkers as additional tools in the clinical practice for the diagnosis
and severity of ILD has aroused great interest in the last years [17,22–29]. In this regard, the
role of ET-1 in the pathogenesis of a large and well-defined cohort of ILD patients remains
to be investigated in depth. Given that this molecule is involved in characteristic processes
of ILD, such as vascular dysfunction, inflammation and pulmonary fibrosis [2,11–14,30],
ET-1 can constitute a promising candidate biomarker of this complex group of diseases.

Our study supports that ET-1 plays a relevant role in the pathogenesis of ILD, owing to
the fact that ET-1 serum levels were increased in both IPF and AD-ILD patients compared
to healthy controls. This same finding was previously observed in a small cohort of IPF
patients [15], whereas there are no previous studies regarding the role of ET-1 in AD-
ILD patients as a whole. Interestingly, we also found an increase in ET-1 serum levels
when each AD-ILD was analysed separately. In this respect, previous studies obtained
similar results for SSc-ILD patients [19,21]. Thereby, our results broaden the relevance of
ET-1 not only in SSc-ILD but also, for the first time, in RA-ILD, IIM-ILD and IPAF. It is
plausible to think that the underlying inflammation and/or fibrosis in our patients are
responsible for the high ET-1 levels, considering that inflammatory mediators and hypoxia
have been previously associated with ET-1 overproduction [8,16,30,31]. Taking into account
the role of ET-1 in ILD disclosed in our study and that previously reported in other lung
diseases [10], ET-1 may constitute a biomarker of different lung diseases, not exclusively
those associated with pulmonary fibrosis. Therefore, the measurement of ET-1 serum levels
together with standardized complementary tests and clinical examination may contribute
to the early diagnosis of ILD. In particular, concentrations of ET-1 higher than 0.88 pg/mL
may differentiate ILD from healthy subjects. Furthermore, these results point out that ET-1
may constitute a target for therapeutic strategies in ILD. In this regard, bosentan, a potent
dual antagonist of ET-1 receptors, is currently indicated for the treatment of pulmonary
arterial hypertension and for the prevention of recurrent digital ulcers in patients with
SSc [32]. Accordingly, our data support the potential use of bosentan in patients with ILD,
specifically in IPF and AD-ILD.

We also disclosed, for the first time, a significant association of higher levels of ET-1
with lower FVC and DLCO in IPF patients, probably due to the greater severity of ILD in
these patients. In the same line, ET-1 was negatively associated with FVC and FEV1 in the
whole cohort of AD-ILD patients. This was confirmed in RA-ILD patients in particular.
In keeping with this data, an inverse correlation between ET-1 and altered PFTs has been
reported in patients with chronic obstructive pulmonary disease [33]. The relationship
of ET-1 with the severity of ILD in RA-ILD and IPF would be consistent with the poor
prognosis and other similarities described between patients with these conditions, with it
not being uncommon that individuals initially defined as having IPF may be eventually
diagnosed with RA-ILD [3,26].

Since the accurate diagnosis of ILD implies different therapeutic strategies influencing
the management of these patients [1–3,34], the identification of biomarkers for the differ-
ential diagnosis between IPF and other ILD is relevant. In this regard, previous studies
from our group and others have revealed the potential relevance of biomarkers such as en-
dothelial progenitor cells and advanced glycosylated end-products to discriminate between
IPF and ILD associated with connective tissue diseases [26,35]. In a similar manner, the
glycoprotein gremlin-1 has been proposed for the differential diagnosis of IPF compared
to non-IPF ILD [36]. Interestingly, it has been disclosed that telomere shortening and
increased DNA damage could constitute potential biomarkers in this context [37,38]. In
particular, telomere length may help to differentiate between patients with IPF and those
with idiopathic non-specific interstitial pneumonia and sarcoidosis [39]. Despite these
findings shedding some light on the differential diagnosis of IPF compared to other types
of ILD, more studies addressing this concern are needed. In this regard, our study suggests
that ET-1 could not help to distinguish between IPF and AD-ILD patients.
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We acknowledge that the present study has some limitations. Given the cross-sectional
design of our study, we cannot evaluate whether the correlation with disease score changes
as the disease progresses and the autoimmune patients develop lung disease. Additionally,
replication of our results in a different cohort may help validate our findings.

4. Materials and Methods
4.1. Patients and Healthy Controls

A total of 203 patients fulfilling the American Thoracic Society/European Respiratory
Society classification and diagnosis criteria for ILD [40,41] were recruited for this study.
The whole cohort of ILD patients was composed of 112 patients with IPF [6] and 91 patients
with AD-ILD (28 RA, 26 SSc, 20 IIM, according to the applicable diagnostic or classification
criteria established by the American College of Rheumatology/European League Against
Rheumatism for each AD [42–46] and 17 IPAF [5]). Demographic and clinical features
including sex, age, smoking history, packs of cigarettes per year, PFTs and high-resolution
computed tomography (HRCT) patterns stratified according to the criteria for usual in-
terstitial pneumonia (UIP) pattern of the Fleischner Society: UIP pattern, probable UIP
pattern, indeterminate for UIP pattern and features most consistent with an alternative
diagnosis [47] were collected from the patients (Tables 2 and S3).

Table 2. Demographic and clinical characteristics of the patients included in the study.

Characteristic IPF Patients
(n = 112)

AD-ILD Patients
(n = 91)

Sex (men/women), n (%) 93/19 (83.0/17.0) 48/43 (52.7/47.3)
Age at the time of the study (years), mean ± SD 64.5 ± 6.3 61.1 ± 9.2
Smoking history, n (%) 94 (83.9) 60 (65.9)
Packs of cigarettes per year, mean ± SD 32.6 ± 21.0 28.1 ± 24.2
Pulmonary function tests

FVC (% predicted), mean ± SD 76.2 ± 19.3 80.4 ± 25.7
FEV1 (% predicted), mean ± SD 77.9 ± 19.5 79.1 ± 24.9
DLCO (% predicted), mean ± SD 35.2 ± 15.3 39.6 ± 17.6

HRCT pattern
UIP, n (%) 112 (100.0) 33 (39.8)
Probable UIP, n (%) - 10 (12.0)
Indeterminate for UIP pattern, n (%) - 2 (2.4)
Features most consistent with an alternative diagnosis

NSIP, n (%) - 34 (41.0)
Non-NSIP, n (%) - 4 (4.8)

AD: autoimmune diseases; DLCO: diffusing capacity of the lungs for carbon monoxide; FEV1: forced expiratory
volume in one second; FVC: forced vital capacity; HRCT: high-resolution computed tomography; ILD: interstitial
lung disease; IPF: idiopathic pulmonary fibrosis; NSIP: non-specific interstitial pneumonia; SD: standard deviation;
UIP: usual interstitial pneumonia. AD-ILD group includes patients with rheumatoid arthritis (n = 28), systemic
sclerosis (n = 26), idiopathic inflammatory myositis (n = 20) and interstitial pneumonia with autoimmune features
(n = 17).

In addition, 44 healthy controls, without history of any chronic inflammatory or lung
disease, were also included in this study. Their mean age ± standard deviation (SD) was
51.0 ± 11.7 years, 40.9% of them were men, and 33.3% were smokers.

All the individuals were recruited from the Pneumology and Rheumatology depart-
ments of Hospital Universitario Marqués de Valdecilla, Santander, Spain and each indi-
vidual gave their written informed consent to be included in the study. The procedures
followed were in accordance with the ethical standards of the approved guidelines and reg-
ulations according to the World Medical Association Declaration of Helsinki. The research
protocol was approved by the Ethics Committee of clinical research of Cantabria, Spain
(2016.092).
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4.2. ET-1 Serum Levels Determination

ET-1 levels were measured in serum samples from all the individuals by a commercial
enzyme-linked immunosorbent assay (Endothelin-1 Quantikine Kit, DET100, Bio-Techne
R&D Systems S.L.U., Minneapolis, MN, USA) in accordance with the manufacturer’s
instructions. Samples were analyzed in duplicate. ET-1 levels were quantified using a
four-parameter logistic curve fit suitable for calculating concentrations from symmetrical
sigmoidal calibrators through MyAssays Ltd 2021 online software.

4.3. Statistical Analysis

Data were reported as the number of individuals (n) and percentage (%) for categorical
variables and mean ± SD for continuous variables. Differences in ET-1 serum levels were
compared between the study groups by ANOVA, adjusting p values for sex, age and
smoking history. Number of packs of cigarettes per year was also included as a potential
confounding factor when differences between IPF and AD-ILD patients were evaluated.
When significant differences between groups were obtained, ROC analysis and the optimal
cut-off value (the higher value obtained from the formula sensitivity% + specificity% − 1)
of ET-1 for the diagnosis of ILD was performed. In addition, the association between ET-1
levels and clinical characteristics of all the patients were calculated by ANOVA or Pearson’s
partial correlation coefficient (r), when appropriate, adjusting p values for the potential
confounding factors previously mentioned. p-values ≤ 0.05 were considered statistically
significant. Statistical analysis was carried out with STATA statistical software 12/SE (Stata
Corp., College Station, TX, USA).

5. Conclusions

Our study supports that serum ET-1 may be useful as a biomarker of ILD, although it
could not help in the differential diagnosis between IPF and AD-ILD. Moreover, ET-1 levels
may be associated with ILD severity. Translated into clinical practice, the determination of
high serum ET-1 levels may indicate the presence of ILD itself.

Supplementary Materials: The following supporting information can be downloaded at: https://
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Author Contributions: Conceptualization, V.P.-C., F.G., R.L.-M., B.A.-M. and S.R.-M.; Data curation,
V.P.-C., F.G., R.L.-M., V.M.M.-C., D.I.-F., V.P., M.S.M.-G., J.G.O.-V., O.G., R.B., A.C., I.F.-A., S.C. and
J.M.C.M.; Formal analysis, V.P.-C., F.G., R.L.-M., B.A.-M. and S.R.-M.; Investigation, V.P.-C., F.G.,
R.L.-M., V.M.M.-C., D.I.-F., V.P., M.S.M.-G., J.G.O.-V., O.G., R.B., A.C., I.F.-A., S.C. and J.M.C.M.;
Methodology, V.P.-C., F.G., R.L.-M., B.A.-M. and S.R.-M.; Project administration, B.A.-M., S.R.-M. and
M.Á.G.-G.; Supervision, B.A.-M., S.R.-M. and M.Á.G.-G.; Visualization, V.P.-C., F.G., R.L.-M., B.A.-M.
and S.R.-M.; Writing—original draft, V.P.-C., F.G., R.L.-M., B.A.-M. and S.R.-M.; Writing—review and
editing, B.A.-M., S.R.-M. and M.Á.G.-G. All authors have read and agreed to the published version of
the manuscript.

Funding: This study was supported by FUAM20/32 (Cátedra UAM-Roche EPID Futuro) and partially
supported by a grant from the Spanish Society of Pulmonology and Thoracic Surgery (SEPAR 474-
2017). V.P.-C. is supported by funds of PI18/00042 from the Instituto de Salud Carlos III (ISCIII),
co-funded by European Regional Development Fund (ERDF); F.G. is supported by funds of the
RICORS Program (RD21/0002/0025) from ISCIII, co-funded by the European Union; R.L.-M. is a
recipient of a Miguel Servet type II Program fellowship from ISCIII, co-funded by the European Social
Fund, ‘Investing in your future´ (CPII21/00004); O.G. is staff personnel of Xunta de Galicia (Servizo
Galego de Saude (SERGAS) through a research-staff stabilization contract (ISCIII/SERGAS) and his
work is funded by ISCIII and ERDF [RD16/0012/0014 (RIER)]; S.R.-M. was supported by funds of
the RETICS Program (RD16/0012/0009) from ISCIII, co-funded by ERDF.

Institutional Review Board Statement: All the individuals were recruited from the Pneumology
and Rheumatology departments of Hospital Universitario Marqués de Valdecilla, Santander, Spain.
The procedures followed were in accordance with the ethical standards of the approved guidelines

https://www.mdpi.com/article/10.3390/ijms24021275/s1
https://www.mdpi.com/article/10.3390/ijms24021275/s1


Int. J. Mol. Sci. 2023, 24, 1275 8 of 10

and regulations, according to the World Medical Association Declaration of Helsinki. The research
protocol was approved by the Ethics Committee of clinical research of Cantabria, Spain (2016.092).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All data generated or analyzed during this study are included in this
published article and in the Supplementary Materials.

Acknowledgments: We wish to thank all the subjects for their essential collaboration in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Cottin, V.; Hirani, N.A.; Hotchkin, D.L.; Nambiar, A.M.; Ogura, T.; Otaola, M.; Skowasch, D.; Park, J.S.; Poonyagariyagorn, H.K.;

Wuyts, W.; et al. Presentation, diagnosis and clinical course of the spectrum of progressive-fibrosing interstitial lung diseases. Eur.
Respir. Rev. 2018, 27, 180076. [CrossRef] [PubMed]

2. Lederer, D.J.; Martinez, F.J. Idiopathic Pulmonary Fibrosis. N. Engl. J. Med. 2018, 378, 1811–1823. [CrossRef] [PubMed]
3. Atienza-Mateo, B.; Remuzgo-Martínez, S.; Mora Cuesta, V.M.; Iturbe-Fernández, D.; Fernández-Rozas, S.; Prieto-Peña, D.;

Calderón-Goercke, M.; Corrales, A.; Blanco Rodríguez, G.B.; Gómez-Román, J.J.; et al. The Spectrum of Interstitial Lung Disease
Associated with Autoimmune Diseases: Data of a 3.6-Year Prospective Study from a Referral Center of Interstitial Lung Disease
and Lung Transplantation. J. Clin. Med. 2020, 9, 1606. [CrossRef] [PubMed]

4. Panagopoulos, P.; Goules, A.; Hoffmann-Vold, A.M.; Matteson, E.L.; Tzioufas, A. Natural history and screening of interstitial lung
disease in systemic autoimmune rheumatic disorders. Ther. Adv. Musculoskelet Dis. 2021, 13, 1759720X211037519. [CrossRef]
[PubMed]

5. Fischer, A.; Antoniou, K.M.; Brown, K.K.; Cadranel, J.; Corte, T.J.; du Bois, R.M.; Lee, J.S.; Leslie, K.O.; Lynch, D.A.; Matteson,
E.L.; et al. An official European Respiratory Society/American Thoracic Society research statement: Interstitial pneumonia with
autoimmune features. Eur. Respir. J. 2015, 46, 976–987. [CrossRef] [PubMed]

6. Raghu, G.; Remy-Jardin, M.; Richeldi, L.; Thomson, C.C.; Inoue, Y.; Johkoh, T.; Kreuter, M.; Lynch, D.A.; Maher, T.M.; Martinez, F.J.;
et al. Idiopathic Pulmonary Fibrosis (an Update) and Progressive Pulmonary Fibrosis in Adults: An Official ATS/ERS/JRS/ALAT
Clinical Practice Guideline. Am. J. Respir. Crit. Care Med. 2022, 205, e18–e47. [CrossRef]

7. Atienza-Mateo, B.; Remuzgo-Martínez, S.; Prieto-Peña, D.; Mora Cuesta, V.M.; Iturbe-Fernández, D.; Llorca, J.; Sánchez-Bilbao, L.;
Corrales, A.; Blanco Rodríguez, G.; Gómez-Román, J.J.; et al. Rituximab in the Treatment of Interstitial Lung Disease Associated
with Autoimmune Diseases: Experience from a Single Referral Center and Literature Review. J. Clin. Med. 2020, 9, 3070.
[CrossRef]

8. Flores Valdez, N. Endothelin-1: Intrinsic vasoconstrictor vascular endothelial. Rev. Med. 2013, 21, 42–56. [CrossRef]
9. D’Orléans-Juste, P.; Plante, M.; Honoré, J.C.; Carrier, E.; Labonté, J. Synthesis and degradation of endothelin-1. Can. J. Physiol.

Pharmacol. 2003, 81, 503–510. [CrossRef]
10. Fagan, K.A.; McMurtry, I.F.; Rodman, D.M. Role of endothelin-1 in lung disease. Respir. Res. 2001, 2, 90–101. [CrossRef]
11. Mayes, M.D. Endothelin and endothelin receptor antagonists in systemic rheumatic disease. Arthritis Rheum. 2003, 48, 1190–1199.

[CrossRef]
12. Sticherling, M. The role of endothelin in connective tissue diseases. Rheumatology 2006, 45 (Suppl. S3), iii8–iii10. [CrossRef]
13. Ross, B.; D’Orléans-Juste, P.; Giaid, A. Potential role of endothelin-1 in pulmonary fibrosis: From the bench to the clinic. Am. J.

Respir. Cell Mol. Biol. 2010, 42, 16–20. [CrossRef] [PubMed]
14. Swigris, J.J.; Brown, K.K. The role of endothelin-1 in the pathogenesis of idiopathic pulmonary fibrosis. BioDrugs 2010, 24, 49–54.

[CrossRef] [PubMed]
15. Uguccioni, M.; Pulsatelli, L.; Grigolo, B.; Facchini, A.; Fasano, L.; Cinti, C.; Fabbri, M.; Gasbarrini, G.; Meliconi, R. Endothelin-1 in

idiopathic pulmonary fibrosis. J. Clin. Pathol. 1995, 48, 330–334. [CrossRef] [PubMed]
16. Saleh, D.; Furukawa, K.; Tsao, M.S.; Maghazachi, A.; Corrin, B.; Yanagisawa, M.; Barnes, P.J.; Giaid, A. Elevated expression of

endothelin-1 and endothelin-converting enzyme-1 in idiopathic pulmonary fibrosis: Possible involvement of proinflammatory
cytokines. Am. J. Respir. Cell Mol. Biol. 1997, 16, 187–193. [CrossRef] [PubMed]

17. Bonella, F.; Costabel, U. Biomarkers in connective tissue disease-associated interstitial lung disease. Semin. Respir. Crit. Care Med.
2014, 35, 181–200. [CrossRef]

18. Silver, R.M. Endothelin and scleroderma lung disease. Rheumatology 2008, 47 (Suppl. S5), v25–v26. [CrossRef]
19. Kuryliszyn-Moskal, A.; Klimiuk, P.A.; Sierakowski, S. Soluble adhesion molecules (sVCAM-1, sE-selectin), vascular endothelial

growth factor (VEGF) and endothelin-1 in patients with systemic sclerosis: Relationship to organ systemic involvement. Clin.
Rheumatol. 2005, 24, 111–116. [CrossRef]

20. Abraham, D.J.; Vancheeswaran, R.; Dashwood, M.R.; Rajkumar, V.S.; Pantelides, P.; Xu, S.W.; du Bois, R.M.; Black, C.M. 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, 831–841.

21. Vancheeswaran, R.; Magoulas, T.; Efrat, G.; Wheeler-Jones, C.; Olsen, I.; Penny, R.; Black, C.M. Circulating endothelin-1 levels in
systemic sclerosis subsets—A marker of fibrosis or vascular dysfunction? J. Rheumatol. 1994, 21, 1838–1844. [PubMed]

http://doi.org/10.1183/16000617.0076-2018
http://www.ncbi.nlm.nih.gov/pubmed/30578335
http://doi.org/10.1056/NEJMra1705751
http://www.ncbi.nlm.nih.gov/pubmed/29742380
http://doi.org/10.3390/jcm9061606
http://www.ncbi.nlm.nih.gov/pubmed/32466389
http://doi.org/10.1177/1759720X211037519
http://www.ncbi.nlm.nih.gov/pubmed/34471427
http://doi.org/10.1183/13993003.00150-2015
http://www.ncbi.nlm.nih.gov/pubmed/26160873
http://doi.org/10.1164/rccm.202202-0399ST
http://doi.org/10.3390/jcm9103070
http://doi.org/10.18359/rmed.1179
http://doi.org/10.1139/y03-032
http://doi.org/10.1186/rr44
http://doi.org/10.1002/art.10895
http://doi.org/10.1093/rheumatology/kel294
http://doi.org/10.1165/rcmb.2009-0175TR
http://www.ncbi.nlm.nih.gov/pubmed/19717811
http://doi.org/10.2165/11319550-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/20055532
http://doi.org/10.1136/jcp.48.4.330
http://www.ncbi.nlm.nih.gov/pubmed/7615852
http://doi.org/10.1165/ajrcmb.16.2.9032126
http://www.ncbi.nlm.nih.gov/pubmed/9032126
http://doi.org/10.1055/s-0034-1371527
http://doi.org/10.1093/rheumatology/ken283
http://doi.org/10.1007/s10067-004-0987-3
http://www.ncbi.nlm.nih.gov/pubmed/7837147


Int. J. Mol. Sci. 2023, 24, 1275 9 of 10

22. Remuzgo-Martínez, S.; Genre, F.; Pulito-Cueto, V.; Atienza-Mateo, B.; Mora Cuesta, V.M.; Iturbe Fernández, D.; Fernández Rozas,
S.M.; Lera-Gómez, L.; Alonso Lecue, P.; Ussetti, M.P.; et al. Role of VEGF Polymorphisms in the Susceptibility and Severity of
Interstitial Lung Disease. Biomedicines 2021, 9, 458. [CrossRef] [PubMed]

23. Pulito-Cueto, V.; Remuzgo-Martínez, S.; Genre, F.; Atienza-Mateo, B.; Mora-Cuesta, V.M.; Iturbe-Fernández, D.; Lera-Gómez,
L.; Rodriguez-Carrio, J.; Prieto-Peña, D.; Portilla, V.; et al. Angiogenic T Cells: Potential Biomarkers for the Early Diagnosis of
Interstitial Lung Disease in Autoimmune Diseases? Biomedicines 2022, 10, 851. [CrossRef] [PubMed]

24. Guiot, J.; Moermans, C.; Henket, M.; Corhay, J.L.; Louis, R. Blood Biomarkers in Idiopathic Pulmonary Fibrosis. Lung 2017, 195,
273–280. [CrossRef] [PubMed]

25. Drakopanagiotakis, F.; Wujak, L.; Wygrecka, M.; Markart, P. Biomarkers in idiopathic pulmonary fibrosis. Matrix Biol. 2018, 68–69,
404–421. [CrossRef] [PubMed]

26. Pulito-Cueto, V.; Remuzgo-Martínez, S.; Genre, F.; Mora-Cuesta, V.M.; Iturbe-Fernández, D.; Fernández-Rozas, S.; Atienza-Mateo,
B.; Lera-Gómez, L.; Alonso-Lecue, P.; Rodríguez-Carrio, J.; et al. Endothelial Progenitor Cells as a Potential Biomarker in
Interstitial Lung Disease Associated with Rheumatoid Arthritis. J. Clin. Med. 2020, 9, 4098. [CrossRef] [PubMed]

27. Bonhomme, O.; André, B.; Gester, F.; de Seny, D.; Moermans, C.; Struman, I.; Louis, R.; Malaise, M.; Guiot, J. Biomarkers in
systemic sclerosis-associated interstitial lung disease: Review of the literature. Rheumatology 2019, 58, 1534–1546. [CrossRef]

28. Satoh, M.; Tanaka, S.; Ceribelli, A.; Calise, S.J.; Chan, E.K. A Comprehensive Overview on Myositis-Specific Antibodies: New and
Old Biomarkers in Idiopathic Inflammatory Myopathy. Clin. Rev. Allergy Immunol. 2017, 52, 1–19. [CrossRef]
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