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Abstract: Interstitial lung disease (ILD) constitutes the most critical comorbidity in autoimmune
diseases (ADs) and its early diagnosis remains a challenge for clinicians. Accordingly, we evalu-
ated whether E-selectin, ICAM-1, and ET-1, key molecules in endothelial damage, could be useful
biomarkers for the detection of AD-ILD+. We recruited patients with rheumatoid arthritis (RA)-ILD+

(n = 21) and systemic sclerosis (SSc)-ILD+ (n = 21). We included comparison groups of patients:
RA-ILD− (n = 25), SSc-ILD− (n = 20), and idiopathic pulmonary fibrosis (IPF) (n = 21). Serum levels of
these proteins were determined by ELISA. E-selectin, ICAM-1, and ET-1 serum levels were increased
in RA-ILD+ and IPF patients in comparison to RA-ILD− patients. Additionally, SSc-ILD+ and IPF
patients exhibited higher ICAM-1 levels than those with SSc-ILD−. The ability of E-selectin, ICAM-1,
and ET-1 to discriminate RA-ILD+ from RA-ILD− patients, and ICAM-1 to distinguish SSc-ILD+ from
SSc-ILD− patients was confirmed using ROC curve analysis. Furthermore, elevated levels of ET-1
and E-selectin correlated with lung function decline in RA-ILD+ and SSc-ILD+ patients, respectively.
In conclusion, our findings support the relevant role of E-selectin, ICAM-1, and ET-1 in RA-ILD+

patients as well as of ICAM-1 in SSc-ILD+ patients, constituting potential screening blood biomarkers
of ILD in AD. Moreover, this study suggests ET-1 and E-selectin as possible indicators of worsening
lung function in RA-ILD+ and SSc-ILD+ patients, respectively.

Keywords: E-selectin; ICAM-1; ET-1; interstitial lung disease; autoimmune diseases; rheumatoid
arthritis; systemic sclerosis; biomarkers; pulmonary fibrosis

1. Introduction

Vascular and immunologic processes are central to the pathogenesis of autoimmune
diseases (ADs) [1–3]. Patients with ADs present increased activation of immune cells, which
can infiltrate into internal organs promoting vascular damage [4,5]. Thus, the prognosis
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and outcome of ADs are partially dependent on these pathologic conditions taking place in
different organs, with the lung being one of the main organs affected [5–10]. In particular,
AD patients with interstitial lung disease (ILD), a lung parenchymal disorder with great
prevalence in patients with rheumatoid arthritis (RA) and systemic sclerosis (SSc), suffer
from higher disease-related morbidity and mortality, meaning that ILD is one of the most
serious complications in AD patients [5–10]. Therefore, predicting the chance of AD patients
who progress to a severe state of the disease developing ILD is particularly important.
Although, currently, the evaluation of lung fibrosis in AD patients primarily relies on
pulmonary function tests (PFTs) and high-resolution computed tomography (HRCT), the
early and precise diagnosis of AD-ILD+ often remains a challenge [5–9]. Additionally, the
diagnosis complexity of AD-ILD+ increases due to the similarity of clinical, pathological,
and epidemiological features with idiopathic pulmonary fibrosis (IPF) [7–9]. Of note, many
studies of biomarkers for the risk of developing ILD are underway, but only two protein
candidates deserve special attention—Krebs von den Lungen and surfactant—and these
have been studied in AD-ILD+ with promising results. However, currently, no individual
or group serum biomarkers have been identified as sufficiently robust biomarkers to justify
their use in clinical practice [5,11].

Cellular-level changes that lead to ILD development likely begin years before the
onset of symptoms. This has led to subclinical ILD research gaining interest in recent
years as a way to identify novel risk factors and early mechanisms of lung fibrosis [5,12].
Specifically, given that lung vasculopathy is one of the necessary steps in the development
of lung fibrosis and subsequent ILD, attention has been increasingly focused on endothelial
activation [3–5,12–15]. In fact, we have previously proposed that a variety of biomarkers of
endothelial activation could play a major role in the pathogenesis of AD-ILD+ [16–20].

Pulmonary endothelial damage and fibrosis implicate the cellular infiltration in the
lung parenchyma [4,5,10,12], an action mainly mediated by the production of soluble
mediators. Leukocyte recruitment is generally achieved through cell adhesion molecules,
with the two major molecules being E-selectin and intercellular adhesion molecule-1 (ICAM-
1). Moreover, another essential trigger of endothelial damage is endothelin-1 (ET-1), the
most potent vasoconstrictor [2,13–15,21–23]. Alteration of these molecules is associated
with endothelial dysfunction, a pathological condition thought to represent a key process
in the initial step of the AD pathogenesis [1,2]. The importance of E-selectin, ICAM-1, and
ET-1 is such that an expanding body of evidence demonstrates that increased levels of
these molecules are associated with a wide variety of inflammatory and immune-mediated
mechanisms, with the molecules being described as biomarkers of endothelial dysfunction
in several disorders such as RA, SSc, systemic lupus erythematosus, spondyloarthropathies,
psoriasis, and cerebral small vessel disease [1,2,24,25].

Accordingly, we hypothesized that these endothelial-damage-related molecules may
be linked to underlying biological processes that may be ongoing in AD, and that the
molecules would change the clinical features of these patients over time leading to the
development of ILD. Based on this, and the lack of literature pertaining to circulating
endothelial-damage-related molecules in this context, we sought to determine if E-selectin,
ICAM-1, and ET-1 could be useful as screening biomarkers for the detection of AD-ILD+.

2. Results
2.1. E-Selectin, ICAM-1, and ET-1 as Biomarkers for the Presence of ILD in RA Patients

RA-ILD+ patients showed increased levels of E-selectin, ICAM-1, and ET-1 compared
to those with RA-ILD− (p < 0.01 in all the cases, Figure 1A, Table S1 (see Additional File S1)).
Interestingly, the ability of serum E-selectin, ICAM-1, and ET-1 levels to discriminate patients
with RA-ILD+ from those with RA-ILD− was confirmed by performing ROC curve analysis
(AUC: 0.78, p < 0.01; AUC: 0.72, p = 0.01; AUC: 0.77, p < 0.01, respectively, Figure 1B, Table 1).
The optimal cutoff value for E-selectin, ICAM-1, and ET-1 revealed that the best sensitivity
and specificity was 74.56 ng/mL, 451.70 ng/mL, and 1.02 pg/mL, respectively (Table 1).
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Figure 1. Roles of E-selectin, ICAM-1, and ET-1 in RA-ILD+. Differences in serum levels of E-selectin,
ICAM-1, and ET-1 between patients with RA-ILD+ and those with RA-ILD− and IPF (A) and ROC
curve analysis for the discrimination of RA-ILD+ from RA-ILD− (B). ICAM-1: intercellular adhesion
molecule 1; ET-1: endothelin 1; RA: rheumatoid arthritis; ILD: interstitial lung disease; IPF: idiopathic
pulmonary fibrosis. Significant results are highlighted in bold.

Table 1. ROC curve analysis for the discrimination of RA-ILD+ from RA-ILD− and SSc-ILD+ from
SSc-ILD−.

AUC
(95% CI) p Optimal

Cutoff Value Sensitivity (%) Specificity (%)

RA-ILD+ vs. RA-ILD−

E-selectin 0.78 (0.64–0.92) <0.01 74.56 ng/mL 60.00 95.83
ICAM-1 0.72 (0.57–0.87) 0.01 451.70 ng/mL 85.00 52.00
ET-1 0.77 (0.62–0.91) <0.01 1.02 pg/mL 57.89 86.96

SSc-ILD+ vs. SSc-ILD−

ICAM-1 0.79 (0.65–0.94) <0.01 484.70 ng/mL 63.2 94.7

ROC: receiver operating characteristic; RA: rheumatoid arthritis; ILD: interstitial lung disease; SSc: systemic
sclerosis; AUC: area under the curve; CI: confidence interval; ICAM-1: intercellular adhesion molecule 1; ET-1:
endothelin 1.

Moreover, patients with RA-ILD+ presented similar levels of E-selectin, ICAM-1, and
ET-1 to those with IPF (Figure 1A, Table S1 (see Additional File S1)).

2.2. ICAM-1 Implicated in the Presence of ILD in SSc Patients

Higher ICAM-1 serum levels were found in patients with SSc-ILD+ compared to
those with SSc-ILD− (p < 0.01, Figure 2A, Table S1 (see Additional File S1)), although no
significant differences were observed between these patients when E-selectin and ET-1
were evaluated (Figure 2A, Table S1 (see Additional File S1)). Of note, the ROC curve
supported the utility of ICAM-1 for the differentiation of patients with SSc-ILD+ from those
with SSc-ILD− (Figure 2B, Table 1). The AUC was 0.79 (p < 0.01) and the optimal cutoff
value was 484.70 ng/mL (Figure 2B, Table 1).
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Figure 2. Roles of E-selectin, ICAM-1, and ET-1 in SSc-ILD+. Differences in serum levels of E-selectin,
ICAM-1, and ET-1 between patients with SSc-ILD+ and those with SSc-ILD− and IPF (A) and ROC
curve analysis of ICAM-1 for the discrimination of SSc-ILD+ from SSc-ILD− (B). ICAM-1: intercellular
adhesion molecule 1; ET-1: endothelin 1; SSc: systemic sclerosis; ILD: interstitial lung disease; IPF:
idiopathic pulmonary fibrosis. Significant results are highlighted in bold.

Additionally, no differences in levels of E-selectin, ICAM-1, and ET-1 were found between
patients with SSc-ILD+ and those with IPF (Figure 2A, Table S1 (see Additional File S1)).

2.3. Association of E-Selectin, ICAM-1, and ET-1 with Clinical Characteristics of Patients with
RA-ILD+ and SSc-ILD+

A negative correlation between ET-1 serum levels and both FVC and FEV1 was noticed
in patients with RA-ILD+ (r = −0.56, p = 0.04 and r = −0.65, p = 0.01, respectively, Figure 3,
Table 2).

Furthermore, E-selectin serum levels were negatively correlated with FVC, FEV1, and
DLCO in patients with SSc-ILD+ (r = −0.64, p < 0.01; r = −0.56, p = 0.02; and r = −0.56,
p = 0.02, respectively, Figure 4A–C, Table 3).
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Figure 3. Relationship of ET-1 serum levels with FVC (A) and FEV1 (B) in patients with RA-ILD+.
ET-1: endothelin 1; FVC: forced vital capacity; FEV1: forced expiratory volume in one second; RA:
rheumatoid arthritis; ILD: interstitial lung disease.
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Table 2. Relationships of serum levels of E-selectin, ICAM-1, and ET-1 with clinical characteristics of
RA-ILD+ patients.

E-Selectin
Serum Levels

ICAM-1
Serum Levels

ET-1
Serum Levels

Variable r p r p r p

Duration of RA (years) −0.42 0.10 −0.33 0.23 0.30 0.30
CRP (mg/dL) −0.22 0.43 −0.17 0.56 0.36 0.23
ESR (mm/1st hour) −0.08 0.77 0.17 0.55 0.07 0.82
FVC (% predicted) 0.00 0.99 −0.39 0.15 −0.56 0.04
FEV1 (% predicted) 0.05 0.87 −0.33 0.24 −0.65 0.01
DLCO (% predicted) 0.03 0.93 −0.21 0.59 −0.13 0.76

Category Mean ± SD
(ng/mL) p Mean ± SD

(ng/mL) p Mean ± SD
(pg/mL) p

RF− 105.52 ± 39.58
0.44

674.47 ± 132.40
0.31

1.27 ± 0.34
0.94RF+ 73.97 ± 20.23 540.51 ± 117.69 1.17 ± 0.34

ACPA− 86.65
0.74

502.00
0.64

0.87
0.28ACPA+ 76.77 ± 24.01 564.98 ± 129.34 1.20 ± 0.33

UIP HRCT Pattern 83.81 ± 26.05
0.09

545.13 ± 120.36
0.99

1.19 ± 0.30
0.90NSIP HRCT Pattern 65.51 ± 14.90 539.37 ± 135.50 1.17 ± 0.37

ICAM-1: intercellular adhesion molecule 1; ET-1: endothelin 1; RA: rheumatoid arthritis; ILD: interstitial lung
disease; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; FVC: forced vital capacity; FEV1: forced
expiratory volume in one second; DLCO: diffusing capacity of the lung for carbon monoxide; SD: standard
deviation; RF: rheumatoid factor; ACPA: anti-cyclic citrullinated peptide antibodies; UIP: usual interstitial
pneumonia; HRCT: high-resolution computed tomography; NSIP: non-specific interstitial pneumonia. Significant
results are highlighted in bold.

No relationships between E-selectin, ICAM-1, and ET-1 levels and other clinical char-
acteristics of patients with RA-ILD+ and SSc-ILD+ were observed (Tables 2 and 3).

Table 3. Relationships of serum levels of E-selectin, ICAM-1, and ET-1 with clinical characteristics of
SSc-ILD+ patients.

E-Selectin
Serum Levels

ICAM-1
Serum Levels

ET-1
Serum Levels

Variable r p r p r p

Duration of SSc (years) −0.19 0.45 −0.33 0.22 −0.02 0.96
CRP (mg/dL) 0.39 0.17 0.03 0.92 0.23 0.48
ESR (mm/1st hour) 0.12 0.69 0.15 0.64 0.47 0.12
FVC (% predicted) −0.64 <0.01 −0.41 0.11 −0.41 0.12
FEV1 (% predicted) −0.56 0.02 −0.37 0.16 −0.32 0.22
DLCO (% predicted) −0.56 0.02 −0.41 0.11 −0.47 0.07

Category Mean ± SD
(ng/mL) p Mean ± SD

(ng/mL) p Mean ± SD
(pg/mL) p

ANA− 65.21
0.76

534.00
0.36

0.82
0.83ANA+ 84.10 ± 37.35 511.91 ± 120.47 1.42 ± 0.83

ACA− 85.39 ± 36.17
0.27

522.32 ± 113.70
0.19

1.37 ± 0.84
0.79ACA+ 40.69 357.00 1.66

ATA− 68.46 ± 34.43
0.07

487.58 ± 118.87
0.17

1.32 ± 0.88
0.72ATA+ 97.84 ± 34.11 538.70 ± 116.11 1.45 ± 0.80

UIP HRCT Pattern 99.69 ± 43.67
0.17

542.40 ± 130.37
0.10

1.42 ± 0.59
0.33NSIP HRCT Pattern 80.93 ± 34.16 496.98 ± 113.98 1.40 ± 0.89

ICAM-1: intercellular adhesion molecule 1; ET-1: endothelin 1; SSc: systemic sclerosis; ILD: interstitial lung
disease; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; FVC: forced vital capacity; FEV1: forced
expiratory volume in one second; DLCO: diffusing capacity of the lung for carbon monoxide; SD: standard
deviation; ANA: antinuclear antibodies; ATA: anti-topoisomerase I antibodies; UIP: usual interstitial pneumonia;
HRCT: high-resolution computed tomography; NSIP: non-specific interstitial pneumonia. Significant results are
highlighted in bold.
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3. Discussion

The development, progression, and severity of AD are partially determined by vascu-
lar damage, a pathological process that can influence several organs of AD patients, with
the lung being one of the main organs affected. Specifically, ILD constitutes the most critical
comorbidity in AD; therefore, its early diagnosis is pivotal to avoiding irreversible lung
damage in these patients [4–10]. However, no definitive serum biomarkers are available to
identify ILD in AD patients, denoting the need for novel biomarkers that address this con-
cern. Accordingly, we evaluated whether a single measure of soluble E-selectin, ICAM-1,
or ET-1 is useful as a screening biomarker for the detection of AD-ILD+.

This work evidenced an increase of E-selectin, ICAM-1, and ET-1 circulating levels
in patients with RA who exhibited ILD. These findings are in line with the theory of the
pathogenesis of ILD in AD. Thereby, it is plausible to think that soluble E-selectin, ICAM-1,
and ET-1 are produced by endothelial cells upon stimulation by proinflammatory cytokines,
increasing their circulating levels. This systemic inflammatory process could be causing the
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entry of inflammatory cells into the interstitial and alveolar space, generating endothelial
and epithelial damage, and promoting the recruitment and activation of lung fibroblasts
and myofibroblasts, key drivers of fibrosis. These cellular changes lead to overproduction
and abnormal deposition of extracellular matrix triggering the scarring of lung tissue
and pulmonary fibrosis [5,9–11,26]. Hence, our results may point to a role for E-selectin,
ICAM-1, and ET-1 as serum biomarkers of endothelial injury related to fibrotic processes
that occur in the lung of RA patients.

Another result that deserves consideration is the similar concentrations of E-selectin,
ICAM-1, and ET-1 in RA-ILD+ and IPF patients, a finding that reveals a special contribution
of lung vasculopathy in the alteration of these molecules. Specifically, the highest E-selectin
levels in patients with RA-ILD+ and IPF could suggest that leukocyte-mediated lung
injury is necessary for the initiation and/or propagation of the fibrogenic process. Thus,
it has previously been considered a relevant protein in the progression of pulmonary
fibrosis [12,15,27–29]. Besides, it is comprehensible to suggest that enhanced levels of
ICAM-1 in patients with ILD, regardless of whether they have RA-ILD+ or IPF, could be
due to a compensatory response to lung damage. In this regard, other organs release ICAM-
1 to the circulation because of the loss of the alveolar-capillary units, the main source of its
production [12,29]. In addition, its role in lung involvement could be linked to its ability to
regulate the accumulation of profibrotic cells in the lungs [30]. Concerning ET-1, hypoxia
could be stimulating the production of this protein in patients with RA-ILD+ and IPF, since
it is one of its most important inducers [31]. On the other hand, its profibrotic role in
these patients could also be a consequence of its ability to stimulate fibroblast proliferation
and activation, as well as its effects on alveolar epithelial cell apoptosis [13,31,32]. In line
with this idea, and our results, previous studies have described a role for ET-1 in the
development of pulmonary fibrosis [13,31–34]. It is noteworthy that our study exhibited
that during lung injury and fibrosis in RA patients, increased serum levels of ET-1 correlated
with lung-function decline, suggesting that circulating ET-1 measured may also predict
worsening of lung function in these RA-ILD+ patients.

Interestingly, our study also showed enhanced ICAM-1 levels in patients with SSc-
ILD+ and IPF in relation to those with SSc-ILD−, evidencing a potential influence of
lung vasculopathy on circulating ICAM-1. Thus, our data point to ICAM-1 as a possible
indicator of the presence of ILD in patients with SSc. The higher levels of ICAM-1 in SSc-
ILD+ patients makes sense considering that it is essential for leukocyte diapedesis, being
previously described as a contributor to the development of inflammation and fibrosis in
SSc via induction of the infiltration and activation of leukocytes [35]. According to our
results, ICAM-1 has been considered a marker of respiratory dysfunction showing higher
concentrations in SSc patients with lung involvement [3,35–39].

However, RA-ILD+ and SS-ILD+ are diseases with completely different final pheno-
types, so it would not be unexpected to find different patterns of molecular expression in
the blood of patients with these diseases. In this sense, we observed similar serum E-selectin
and ET-1 levels in all patients with SSc, regardless of the presence of ILD. Nevertheless,
it is important to mention that E-selectin is somehow related to ILD in SSc since it was
specifically correlated with worse respiratory function in patients with SSc-ILD+. In agree-
ment with our results, E-selectin was previously associated with lower FVC and respiratory
mortality of subclinical ILD [12]. Therefore, our findings suggest that serum E-selectin is
useful in predicting subsequent respiratory dysfunction in patients with SSc-ILD+.

Briefly, the endothelial activation phenomenon observed in the serum of ILD patients
specifically, could be reflecting the pulmonary endothelium activation that occurs by the
presence of interstitial lung lesions in AD patients, offering important insights into the
biologic processes subjacent to AD-ILD+ development. Hence, our work provides a way of
finding novel biomarkers and therapeutic targets for AD-ILD+, and is helpful in providing
guidance on the research of the pathogenesis of the disease.
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4. Materials and Methods
4.1. Study Population

The study objective groups encompassed 21 patients with RA-ILD+ and 21 patients
with SSc-ILD+. Furthermore, we included three comparative groups of patients: 25 with
RA-ILD−, 20 with SSc-ILD−, and 21 with IPF. All these individuals were recruited from
the Pneumology and Rheumatology departments of Hospital Universitario Marqués de
Valdecilla (Santander, Spain), and peripheral venous blood samples were collected from all
of them.

RA patients met the 2010 American College of Rheumatology/European League
Against Rheumatism (ACR/EULAR) criteria [40] and SSc patients fulfilled the 2013 ACR/EU
LAR criteria [41].

Pulmonary involvement was evaluated in all the patients by HRCT images of the
chest and PFTs. Patients with each AD were classified by the presence or absence of ILD
according to the American Thoracic and European Respiratory Society’s (ATS/ERS) criteria
for ILD [42]. IPF patients met the ATS/ERS criteria [42].

Demographic and clinical features including sex, age, smoking history, C-reactive
protein, erythrocyte sedimentation rate, antibody status, PFTs, and HRCT patterns were
collected from most of the patients. In particular, HRCT patterns of ILD patients were
stratified according to the criteria for the usual interstitial pneumonia (UIP) pattern of the
Fleischner Society [43] (Table 4).

Table 4. Characteristics of all the patients of the study.

Study Objective Groups Comparison Groups

RA-ILD+

n = 21
SSc-ILD+

n = 21
RA-ILD−

n = 25
SSc-ILD

n = 20
IPF

n = 21

Sex (women), n (%) 9 (45.9) 13 (61.9) 15 (60.0) 18 (90.0) 7 (33.3)
Age at study (years), mean ± SD 66.5 ± 10.1 60.3 ± 7.0 60.1 ± 11.8 56.6 ± 15.4 69.2 ± 10.0
Smoking ever, n (%) 13 (65.0) 11 (52.4) 13 (52.0) 11 (55.0) 16 (76.2)
AD duration (years), mean ± SD 9.2 ± 10.2 10.8 ± 8.3 4.1 ± 7.4 9.6 ± 8.1 -
CRP (mg/dL), mean ± SD 1.1 ± 1.1 0.7 ± 1.4 0.5 ± 0.5 0.5 ± 0.5 -
ESR (mm/1st hour), mean ± SD 22.8 ± 27.2 20.1 ± 15.9 14.4 ± 12.4 17.2 ± 13.4 -
Antibody status
RF+, n (%) 17 (81.0) - 11 (44.0) - -
ACPA+, n (%) 19 (90.4) - 15 (60.0) - -
ANA+, n (%) - 19 (95.0) - 18 (90.0) -
ACA+, n (%) - 1 (5.0) - 9 (45.0) -
ATA (anti-Scl70) +, n (%) - 10 (50.0) - 4 (20.0) -
Pulmonary function tests
FVC (% predicted), mean ± SD 95.2 ± 24.1 88.4 ± 27.1 99.2 ± 16.0 106.6 ± 15.9 84.9 ± 14.7
FEV1 (% predicted), mean ± SD 92.2 ± 21.0 87.3 ± 25.6 94.9 ± 22.0 101.9 ± 17.8 87.3 ± 19.6
DLCO (% predicted), mean ± SD 43.3 ± 15.9 47.5 ± 19.5 79.9 ± 20.0 71.5 ± 15.3 43.6 ± 18.4
HRCT
Pulmonary involvement in HRCT, n (%) 21 (100.0) 21 (100.0) 0 (0.0) 0 (0.0) 21 (100.0)
UIP pattern, n (%) 11 (52.4) 3 (14.3) - - 21 (100.0)
Probable UIP pattern, n (%) 2 (9.5) 3 (14.3) - - 0 (0.0)
NSIP pattern, n (%) 7 (33.3) 14 (66.7) - - 0 (0.0)
Non-NSIP pattern, n (%) 1 (4.8) 1 (4.7) - - 0 (0.0)

RA: rheumatoid arthritis; ILD: interstitial lung disease; SSc: systemic sclerosis; IPF: idiopathic pulmonary fibrosis;
SD: standard deviation; AD: autoimmune diseases; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate;
RF: rheumatoid factor; ACPA: anti-cyclic citrullinated peptide antibodies; ANA: antinuclear antibodies; ACA: anti-
centromere antibodies; ATA: anti-topoisomerase I antibodies; FVC: forced vital capacity; FEV1: forced expiratory
volume in one second; DLCO: diffusing capacity of the lung for carbon monoxide; HRCT: high-resolution
computed tomography; UIP: usual interstitial pneumonia; NSIP: non-specific interstitial pneumonia.

All the experiments involving humans and human blood samples were carried out in
accordance with the approved guidelines and regulations, according to the Declaration of
Helsinki. All experimental protocols were approved by the Ethics Committee of clinical
research of Cantabria, Spain (2016.092). All subjects gave written informed consent to
participate in this study before their inclusion.
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4.2. Determination of E-Selectin, ICAM-1, and ET-1 Serum Levels

Serum samples were collected by centrifugation at 4500 rpm for 10 min from the blood
samples of the patients. Serum samples were stored at −80 ◦C until use. Samples were
diluted 1/5 and 1/10 for the determination of E-selectin and ICAM-1, respectively, while
sample were not diluted for the analysis of ET-1. Serum levels of E-selectin, ICAM-1, and
ET-1 were evaluated by a commercial enzyme-linked immunosorbent assay kit (E-selectin:
BMS205, Invitrogen, Vienna, Austria; ICAM-1: BMS201, Invitrogen, Vienna, Austria; ET-1:
DET100, R&D Systems, Minneapolis, MN, USA), in accordance with the manufacturers’
instructions. The optical density was quantified in a spectrophotometer (Multiskan FC,
Thermo Scientific, Waltham, MA, USA) at wavelengths of 450 nm and 620 nm as reference.
All the samples were analyzed in duplicate and quantified relative to a standard curve,
using 5-parameter logistic regression for E-selectin and ICAM-1 and 4-parameter logistic
regression for ET-1, as recommended by the manufacturer, through MyAssays® Ltd 2021
online software.

4.3. Statistical Analyses

Continuous variables were expressed as mean ± standard deviation (SD) and categor-
ical variables as number of individuals (n) and percentage (%).

Analysis of variance (ANOVA) was used for the comparison of protein levels between
the two study groups, adjusting for the following potential confounding factors: sex,
age at the time of the study, and smoking history. When significant differences between
groups were obtained, receiver operating characteristic (ROC) analysis was performed.
The area under the curve (AUC) with a 95% confidence interval (CI) was calculated. The
optimal cutoff values of E-selectin, ICAM-1, and ET-1 for discriminating AD-ILD+ from
AD-ILD− were calculated by the Youden index (the higher value obtained from the formula
sensitivity% + specificity%—100).

The association of protein levels with continuous and categorical variables was ana-
lyzed via the estimation of Pearson’s partial correlation coefficient (r) and linear regression,
respectively, adjusting for the above-mentioned potential confounding factors.

Statistically significant differences were considered as p < 0.05. Statistical analysis was
performed using STATA statistical software 12/SE (Stata Corp., College Station, TX, USA).

5. Conclusions

In conclusion, our findings suggest relevant roles of E-selectin, ICAM-1, and ET-1 in
RA-ILD+ as well as of ICAM-1 in SSc-ILD+, supporting their utility as potential screening
blood biomarkers of subclinical ILD in AD, contributing to the early diagnosis of the disease.
Moreover, this study points to ET-1 and E-selectin as indicators of ongoing lung injury and
the subsequent severity in RA-ILD+ and SSc-ILD+, respectively, helping to monitor disease
progression and therapeutic responses.

Supplementary Materials: The supporting information can be downloaded at: https://www.mdpi.
com/article/10.3390/ijms241512518/s1.

Author Contributions: Conceptualization, V.P.-C., S.R.-M. and F.G.; data curation, V.P.-C., S.R.-M.,
F.G., B.A.-M., V.M.M.-C., D.I.-F., L.L.-G., M.S.M.-G., V.P., A.C., R.B. and J.M.C.; formal analysis,
V.P.-C., S.R.-M. and F.G.; investigation, V.P.-C., S.R.-M., F.G., B.A.-M., V.M.M.-C., D.I.-F., L.L.-G.,
M.S.M.-G., V.P., A.C., R.B. and J.M.C.; methodology, V.P.-C., S.R.-M. and F.G.; project administration,
M.A.G.-G. and R.L.-M.; supervision, M.A.G.-G. and R.L.-M.; visualization, V.P.-C., S.R.-M. and F.G.;
writing—original draft, V.P.-C., S.R.-M., and F.G.; writing—review and editing, V.P.-C., S.R.-M., F.G.,
M.A.G.-G. and R.L.-M. All authors have read and agreed to the published version of the manuscript.

Funding: MSM-G is financed by funds of PI21/00042 from ISCIII, co-funded by the ESF; RL-M is a
recipient of a Miguel Servet type II Program fellowship from ISCIII, co-funded by the ESF, ‘In-vesting
in your future’ (CPII21/00004).

Institutional Review Board Statement: All the individuals were recruited from the Pneumology
and Rheumatology departments of Hospital Universitario Marqués de Valdecilla, Santander, Spain.

https://www.mdpi.com/article/10.3390/ijms241512518/s1
https://www.mdpi.com/article/10.3390/ijms241512518/s1


Int. J. Mol. Sci. 2023, 24, 12518 10 of 12

The procedures followed were in accordance with the ethical standards of the approved guidelines
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 Material.

Acknowledgments: We thank all the subjects that participated in this study.

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

References
1. Murdaca, G.; Colombo, B.M.; Cagnati, P.; Gulli, R.; Spanò, F.; Puppo, F. Endothelial Dysfunction in Rheumatic Autoimmune

Diseases. Atherosclerosis 2012, 224, 309–317. [CrossRef] [PubMed]
2. Steyers, C.M.; Miller, F.J. Endothelial Dysfunction in Chronic Inflammatory Diseases. Int. J. Mol. Sci. 2014, 15, 11324–11349.

[CrossRef] [PubMed]
3. Kawano-Dourado, L.; Ab’Saber, A.M.; Capelozzi, V.L.; Valeri, C.; Barbas, C.S.V. In Situ Evidence of Pulmonary Endothelial

Activation in Patients with Granulomatosis with Polyangiitis and Systemic Sclerosis. Lung 2015, 193, 355–359. [CrossRef]
[PubMed]

4. Andersen, G.N.; Caidahl, K.; Kazzam, E.; Petersson, A.S.; Waldenström, A.; Mincheva-Nilsson, L.; Rantapää-Dahlqvist, S.
Correlation between Increased Nitric Oxide Production and Markers of Endothelial Activation in Systemic Sclerosis: Findings
with the Soluble Adhesion Molecules E-Selectin, Intercellular Adhesion Molecule 1, and Vascular Cell Adhesion Molecule 1.
Arthritis Rheum. 2000, 43, 1085–1093. [CrossRef]

5. Atzeni, F.; Gerardi, M.C.; Barilaro, G.; Masala, I.F.; Benucci, M.; Sarzi-puttini, P. Interstitial Lung Disease in Systemic Autoimmune
Rheumatic Diseases: A Comprehensive Review. Expert. Rev. Clin. Immunol. 2018, 14, 69–82. [CrossRef]

6. Mathai, S.C.; Danoff, S.K. Management of Interstitial Lung Disease Associated with Connective Tissue Disease. Bmj 2016, 352,
h6819. [CrossRef]

7. Cottin, V.I. Idiopathic Interstitial Pneumonias with Connective Tissue Diseases Features: A Review. Respirology 2016, 21, 245–258.
[CrossRef]

8. 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 Rodriguez, G.; 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]

9. Bendstrup, E.; Møller, J.; Kronborg-white, S.; Prior, T.S.; Hyldgaard, C. Interstitial Lung Disease in Rheumatoid Arthritis Remains
a Challenge for Clinicians. J. Clin. Med. 2019, 8, 2038. [CrossRef]

10. Khanna, D.; Tashkin, D.P.; Denton, C.P.; Renzoni, E.A.; Desai, S.R.; Varga, J. Etiology, Risk Factors, and Biomarkers in Systemic
Sclerosis with Interstitial Lung Disease. Am. J. Respir. Crit. Care Med. 2020, 201, 650–660. [CrossRef]

11. Cerro Chiang, G.; Parimon, T. Understanding Interstitial Lung Diseases Associated with Connective Tissue Disease (CTD-ILD):
Genetics, Cellular Pathophysiology, and Biologic Drivers. Int. J. Mol. Sci. 2023, 24, 2405. [CrossRef] [PubMed]

12. McGroder, C.F.; Aaron, C.P.; Bielinski, S.J.; Kawut, S.M.; Tracy, R.P.; Raghu, G.; Barr, R.G.; Lederer, D.J.; Podolanczuk, A.J.
Circulating Adhesion Molecules and Subclinical Interstitial Lung Disease: The Multi-Ethnic Study of Atherosclerosis. Eur. Respir.
J. 2019, 54, 1900295. [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]

14. Takehara, H.; Tada, S.; Kataoka, M.; Matsuo, K.; Ueno, Y.; Ozaki, S.; Miyake, T.; Fujimori, Y.; Yamadori, I.; Harada, M. Intercellular
Adhesion Molecule-1 in Patients with Idiopathic Interstitial Pneumonia. Acta Med. Okayama 2001, 55, 205–211. [CrossRef]

15. Hayashi, S.; Abe, K.; Matsuoka, H.; Goya, S.; Morishita, H.; Mori, M.; Arai, T.; Kida, H.; Nishino, K.; Takeda, Y.; et al. Increased
Level of Soluble E-Selectin in the Serum from Patients with Idiopathic Pulmonary Fibrosis. Inflammation 2004, 28, 1–5. [CrossRef]
[PubMed]

16. 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]

17. 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]

18. Pulito-Cueto, V.; Remuzgo-Martínez, S.; Genre, F.; Atienza-mateo, B.; Mora-cuesta, V.M.; Iturbe-Fernández, D.; Lera-Gómez, L.;
Prieto-Peña, D.; Portilla, V.; Blanco, R.; et al. Endothelial Progenitor Cells: Relevant Players in the Vasculopathy and Lung Fibrosis
Associated with the Presence of Interstitial Lung Disease in Systemic Sclerosis Patients. Biomedicines 2021, 9, 847. [CrossRef]

https://doi.org/10.1016/j.atherosclerosis.2012.05.013
https://www.ncbi.nlm.nih.gov/pubmed/22673743
https://doi.org/10.3390/ijms150711324
https://www.ncbi.nlm.nih.gov/pubmed/24968272
https://doi.org/10.1007/s00408-015-9718-6
https://www.ncbi.nlm.nih.gov/pubmed/25787222
https://doi.org/10.1002/1529-0131(200005)43:5&lt;1085::AID-ANR19&gt;3.0.CO;2-7
https://doi.org/10.1080/1744666X.2018.1411190
https://doi.org/10.1136/bmj.h6819
https://doi.org/10.1111/resp.12588
https://doi.org/10.3390/jcm9061606
https://doi.org/10.3390/jcm8122038
https://doi.org/10.1164/rccm.201903-0563CI
https://doi.org/10.3390/ijms24032405
https://www.ncbi.nlm.nih.gov/pubmed/36768729
https://doi.org/10.1183/13993003.00295-2019
https://doi.org/10.1165/rcmb.2009-0175TR
https://doi.org/10.18926/AMO/31991
https://doi.org/10.1023/B:IFLA.0000014705.11961.c7
https://www.ncbi.nlm.nih.gov/pubmed/15072224
https://doi.org/10.3390/biomedicines10040851
https://www.ncbi.nlm.nih.gov/pubmed/35453601
https://doi.org/10.3390/jcm9124098
https://www.ncbi.nlm.nih.gov/pubmed/33353104
https://doi.org/10.3390/biomedicines9070847


Int. J. Mol. Sci. 2023, 24, 12518 11 of 12

19. Pulito-Cueto, V.; Genre, F.; López-Mejías, R.; Mora-Cuesta, V.M.; Iturbe-Fernández, D.; Portilla, V.; Sebastián Mora-Gil, M.;
Ocejo-Vinyals, J.G.; Gualillo, O.; Blanco, R.; et al. Endothelin-1 as a Biomarker of Idiopathic Pulmonary Fibrosis and Interstitial
Lung Disease Associated with Autoimmune Diseases. Int. J. Mol. Sci. 2023, 24, 1275. [CrossRef]

20. Pulito-Cueto, V.; Remuzgo-Martínez, S.; Genre, F.; Atienza-Mateo, B.; Mora-Cuesta, V.M.; Iturbe-Fernández, D.; Lera-Gómez,
L.; Sebastián Mora-Gil, M.; Prieto-Peña, D.; Portilla, V.; et al. Elevated VCAM-1, MCP-1 and ADMA Serum Levels Related to
Pulmonary Fibrosis of Interstitial Lung Disease Associated with Rheumatoid Arthritis. Front. Mol. Biosci. 2022, 9, 1056121.
[CrossRef]

21. Mcmurray, R.W. Adhesion Molecules in Autoimmune Disease. Semin. Arthritis Rheum. 1996, 25, 215–233. [CrossRef]
22. Bui, T.M.; Wiesolek, H.L.; Sumagin, R. ICAM-1: A Master Regulator of Cellular Responses in Inflammation, Injury Resolution,

and Tumorigenesis. J. Leukoc. Biol. 2020, 108, 787–799. [CrossRef]
23. Sticherling, M. The Role of Endothelin in Connective Tissue Diseases. Rheumatology 2006, 45 (Suppl. S3), iii8–iii10. [CrossRef]
24. Poggesi, A.; Pasi, M.; Pescini, F.; Pantoni, L.; Inzitari, D. Circulating Biologic Markers of Endothelial Dysfunction in Cerebral

Small Vessel Disease: A Review. J. Cereb. Blood Flow. Metab. 2016, 36, 72–94. [CrossRef] [PubMed]
25. Soltész, P.; Kerekes, G.; Dér, H.; Szücs, G.; Szántó, S.; Kiss, E.; Bodolay, E.; Zeher, M.; Timár, O.; Szodoray, P.; et al. Comparative

Assessment of Vascular Function in Autoimmune Rheumatic Diseases: Considerations of Prevention and Treatment. Autoimmun.
Rev. 2011, 10, 416–425. [CrossRef]

26. Spagnolo, P.; Distler, O.; Ryerson, C.J.; Tzouvelekis, A.; Lee, J.S.; Bonella, F.; Bouros, D.; Hoffmann-Vold, A.M.; Crestani, B.;
Matteson, E.L. Mechanisms of Progressive Fibrosis in Connective Tissue Disease (CTD)-Associated Interstitial Lung Diseases
(ILDs). Ann. Rheum. Dis. 2021, 80, 143–150. [CrossRef]

27. Azuma, A.; Takahashi, S.; Nose, M.; Araki, K.; Araki, M.; Takahashi, T.; Hirose, M.; Kawashima, H.; Miyasaka, M.; Kudoh, S. Role
of E-Selectin in Bleomycin Induced Lung Fibrosis in Mice. Thorax 2000, 55, 147–152. [CrossRef] [PubMed]

28. Nakao, A.; Hasegawa, Y.; Tsuchiya, Y.; Shimokata, K. Expression of Cell Adhesion Molecules in the Lungs of Patients with
Idiopathic Pulmonary Fibrosis. Chest 1995, 108, 233–239. [CrossRef] [PubMed]

29. Southcott, A.M.; Hemingway, I.; Lorimer, S.; Sugars, K.; Hellewell, P.G.; Black, C.M.; Jefferys, P.K.; Gearing, A.J.H.; Haskard, D.O.;
Du Bois, R.M. Adhesion Molecule Expression in the Lung: A Comparison between Normal and Diffuse Interstitial Lung Disease.
Eur. Respir. J. 1998, 11, 91–98. [CrossRef] [PubMed]

30. Yoshizaki, A.; Yanaba, K.; Iwata, Y.; Komura, K.; Ogawa, A.; Akiyama, Y.; Muroi, E.; Hara, T.; Ogawa, F.; Takenaka, M.; et al. Cell
Adhesion Molecules Regulate Fibrotic Process via Th1/Th2/Th17 Cell Balance in a Bleomycin-Induced Scleroderma Model. J.
Immunol. 2010, 185, 2502–2515. [CrossRef] [PubMed]

31. Fonseca, C.; Abraham, D.; Renzoni, E.A. Endothelin in Pulmonary Fibrosis. Am. J. Respir. Cell Mol. Biol. 2011, 44, 1–10. [CrossRef]
32. 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]
33. 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]
34. 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]

35. Hasegawa, M.; Asano, Y.; Endo, H.; Fujimoto, M.; Goto, D.; Ihn, H.; Inoue, K.; Ishikawa, O.; Kawaguchi, Y.; Kuwana, M.; et al.
Serum Adhesion Molecule Levels as Prognostic Markers in Patients with Early Systemic Sclerosis: A Multicentre, Prospective,
Observational Study. PLoS ONE 2014, 9, e88150. [CrossRef]

36. Ihn, H.; Sato, S.; Fujimoto, M.; Kikuchi, K.; Kadono, T.; Tamaki, K.; Takehara, K. Circulating Intercellular Adhesion Molecule-1
in the Sera of Patients with Systemic Sclerosis: Enhancement by Inflammatory Cytokines. Br. J. Rheumatol. 1997, 36, 1270–1275.
[CrossRef] [PubMed]

37. Thakkar, V.; Patterson, K.A.; Stevens, W.; Wilson, M.; Roddy, J.; Sahhar, J.; Proudman, S.; Hissaria, P.; Nikpour, M. Increased
Serum Levels of Adhesion Molecules ICAM-1 and VCAM-1 in Systemic Sclerosis Are Not Specific for Pulmonary Manifestations.
Clin. Rheumatol. 2018, 37, 1563–1571. [CrossRef] [PubMed]

38. Kolstad, K.D.; Khatri, A.; Donato, M.; Chang, S.E.; Li, S.; Steen, V.D.; Utz, P.J.; Khatri, P.; Chung, L. Cytokine Signatures
Differentiate Systemic Sclerosis Patients at High versus Low Risk for Pulmonary Arterial Hypertension. Arthritis Res. Ther. 2022,
24, 39. [CrossRef] [PubMed]

39. Iannone, F.; Riccardi, M.T.; Guiducci, S.; Bizzoca, R.; Cinelli, M.; Matucci-Cerinic, M.; Lapadula, G. Bosentan Regulates the
Expression of Adhesion Molecules on Circulating T Cells and Serum Soluble Adhesion Molecules in Systemic Sclerosis-Associated
Pulmonary Arterial Hypertension. Ann. Rheum. Dis. 2008, 67, 1121–1126. [CrossRef]

40. Aletaha, D.; Neogi, T.; Silman, A.J.; Funovits, J.; Felson, D.T.; Bingham, C.O.; Birnbaum, N.S.; Burmester, G.R.; Bykerk, V.P.; Cohen,
M.D.; et al. 2010 Rheumatoid Arthritis Classification Criteria: An American College of Rheumatology/European League Against
Rheumatism Collaborative Initiative. Arthritis Rheum. 2010, 62, 2569–2581. [CrossRef] [PubMed]

41. Van Den Hoogen, F.; Khanna, D.; Fransen, J.; Johnson, S.R.; Baron, M.; Tyndall, A.; Matucci-cerinic, M.; Naden, R.P.; Medsger,
T.A., Jr.; Carreira, P.E.; et al. Arthritis & Rheumatism 2013 Classification Criteria for Systemic Sclerosis. Arthritis Rheum. 2013, 65,
2737–2747. [CrossRef] [PubMed]

https://doi.org/10.3390/ijms24021275
https://doi.org/10.3389/fmolb.2022.1056121
https://doi.org/10.1016/S0049-0172(96)80034-5
https://doi.org/10.1002/JLB.2MR0220-549R
https://doi.org/10.1093/rheumatology/kel294
https://doi.org/10.1038/jcbfm.2015.116
https://www.ncbi.nlm.nih.gov/pubmed/26058695
https://doi.org/10.1016/j.autrev.2011.01.004
https://doi.org/10.1136/annrheumdis-2020-217230
https://doi.org/10.1136/thorax.55.2.147
https://www.ncbi.nlm.nih.gov/pubmed/10639534
https://doi.org/10.1378/chest.108.1.233
https://www.ncbi.nlm.nih.gov/pubmed/7541743
https://doi.org/10.1183/09031936.98.11010091
https://www.ncbi.nlm.nih.gov/pubmed/9543276
https://doi.org/10.4049/jimmunol.0901778
https://www.ncbi.nlm.nih.gov/pubmed/20624949
https://doi.org/10.1165/rcmb.2009-0388TR
https://doi.org/10.2165/11319550-000000000-00000
https://www.ncbi.nlm.nih.gov/pubmed/20055532
https://doi.org/10.1136/jcp.48.4.330
https://doi.org/10.1165/ajrcmb.16.2.9032126
https://doi.org/10.1371/journal.pone.0088150
https://doi.org/10.1093/rheumatology/36.12.1270
https://www.ncbi.nlm.nih.gov/pubmed/9448587
https://doi.org/10.1007/s10067-018-4081-7
https://www.ncbi.nlm.nih.gov/pubmed/29687288
https://doi.org/10.1186/s13075-022-02734-9
https://www.ncbi.nlm.nih.gov/pubmed/35139913
https://doi.org/10.1136/ard.2007.080424
https://doi.org/10.1002/art.27584
https://www.ncbi.nlm.nih.gov/pubmed/20872595
https://doi.org/10.1002/art.38098
https://www.ncbi.nlm.nih.gov/pubmed/24122180


Int. J. Mol. Sci. 2023, 24, 12518 12 of 12

42. Travis, W.D.; Costabel, U.; Hansell, D.M.; King, T.E.; Lynch, D.A.; Nicholson, A.G.; Ryerson, C.J.; Ryu, J.H.; Selman, M.; Wells,
A.U.; et al. An Official American Thoracic Society/European Respiratory Society Statement: Update of the International
Multidisciplinary Classification of the Idiopathic Interstitial Pneumonias. Am. J. Respir. Crit. Care Med. 2013, 188, 733–748.
[CrossRef] [PubMed]

43. Lynch, D.A.; Sverzellati, N.; Travis, W.D.; Brown, K.K.; Colby, T.V.; Galvin, J.R.; Goldin, J.G.; Hansell, D.M.; Inoue, Y.; Johkoh,
T.; et al. Diagnostic Criteria for Idiopathic Pulmonary Fibrosis: A Fleischner Society White Paper. Lancet Respir. Med. 2018, 6,
138–153. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1164/rccm.201308-1483ST
https://www.ncbi.nlm.nih.gov/pubmed/24032382
https://doi.org/10.1016/S2213-2600(17)30433-2
https://www.ncbi.nlm.nih.gov/pubmed/29154106

	Introduction 
	Results 
	E-Selectin, ICAM-1, and ET-1 as Biomarkers for the Presence of ILD in RA Patients 
	ICAM-1 Implicated in the Presence of ILD in SSc Patients 
	Association of E-Selectin, ICAM-1, and ET-1 with Clinical Characteristics of Patients with RA-ILD+ and SSc-ILD+ 

	Discussion 
	Materials and Methods 
	Study Population 
	Determination of E-Selectin, ICAM-1, and ET-1 Serum Levels 
	Statistical Analyses 

	Conclusions 
	References

