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Abstract: Objectives. To assess CCL18 and OX40L as biomarkers of interstitial lung disease (ILD)
and/or progressive fibrosing (PF-) ILD in idiopathic inflammatory myopathies (IIMs). Methods.
Patients with IIMs seen in our center from July 2020 to March 2021 were consecutively enrolled. ILD
was detected by high-resolution CT. CCL18 and OX40L serum levels were measured by validated
ELISA assays in 93 patients and 35 controls. At the 2-year follow-up, PF-ILD was evaluated according
to the INBUILD criteria. Results. ILD was diagnosed in 50 (53.7%) patients. CCL18 serum levels were
higher in IIMs patients vs. controls (232.9 [IQR 134.7-399.07] vs. 48.4 [29.9-147.5], p < 0.0001), with no
difference for OX40L. IIMs-ILD patients exhibited higher levels of CCL18 than those without ILD
(306.8 [190.8-520.5] vs. 162 [75.4-255.8], p < 0.0001). High CCL18 serum levels were independently
associated with IIMs-ILD diagnosis. At follow-up, 22/50 (44%) patients developed a PF-ILD. Patients
who developed PF-ILD had higher CCL18 serum levels than non-progressors (511 [307-958.7] vs.
207.1 [149.3-381.7], p < 0.0001). Multivariate logistic regression analysis revealed CCL18 as the only
independent predictor of PF-ILD (OR 1.006 [1.002-1.011], p = 0.005). Conclusions. Although in a
relatively small sample, our data suggest that CCL18 is a useful biomarker in IIMs-ILD, particularly
in the early identification of patients at risk of developing PF-ILD.

Keywords: interstitial lung disease (ILD); idiopathic inflammatory myopathies (IIMs); biomarkers;
autoantibodies; progressive pulmonary fibrosis

1. Introduction

Interstitial lung disease (ILD) is the most frequent organ involvement in patients with
idiopathic inflammatory myopathies (IIMs) and is detectable in about 50% of cases, though
shared screening strategies are still lacking [1]. Moreover, ILD is characterized by a highly
variable course in connective tissue diseases (CTDs), ranging from mild and stable to pro-
gressive life-threatening forms [2,3]. The term progressive fibrosing (PF-)ILD encompasses
a group of pulmonary diseases of various origins which can progress despite treatment [3].
Given the recent development of new treatments for lung fibrosis, the early identification
of CTD patients who are more likely to develop PF-ILD is critical. Data from registries
have recently shown that PFD-ILD occurred in a consistent proportion of IIMs patients
(about 40% according to the INBUILD criteria) [4]. Nevertheless, the optimal monitoring
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strategies for IIMs-ILD have not been defined yet [5], due to several concerns regarding the
identification of patients at-risk of progression, the costs and ionizing radiation exposure of
repeating chest high-resolution computed tomography (HRCT).

The chemokine CCL18, previously known as pulmonary and activation-regulated
chemokine, is constitutively expressed by antigen-presenting cells—particularly dendritic
cells and macrophages in lung tissues—and is highly inducible by inflammatory stimuli [6].
It has been shown that CCL18, likely via its cognate receptor CCR8, may induce collagen
synthesis in lung fibroblasts and thereby contribute to fibrosis and subsequent deteriora-
tion of lung function [7]. Circulating CCL18 serum levels correlated with the severity of
fibrosis in idiopathic pulmonary fibrosis (IPF) [8] and can predict ILD progression in sys-
temic sclerosis (SSc) [9,10]. OX40 ligand (OX40L) is a glycoprotein expressed on activated
antigen-presenting cells and bound to the tumor necrosis factor receptor. Both OX40L and
soluble OX40L were overexpressed in several autoimmune diseases, such as systemic lupus
erythematosus and SSc [11,12]. In vivo OX40L blockade prevented inflammation-driven
fibrosis of the skin, lung and vessels in different complementary mouse models of SSc [13].
In patients with IIMs, OX40 and OX40L were overexpressed by different types of cells (i.e.,
T cells, macrophages, and B cells) within limb muscle specimens [14].

We aimed to assess the potential role of CCL18 and OX40L as biomarkers of ILD
and/or PF-ILD in patients with IIMs.

2. Materials and Methods
2.1. Study Population

Patients affected with [IMs—according to Bohan and Peter criteria [15], ENMC cri-
teria [16] or 2017 EULAR/ACR classification criteria [17]—aged >18 years who attended
our referral center between July 2020 and March 2021 were consecutively enrolled and
followed up over a 2-year period. Patients affected with group 1 pulmonary arterial hy-
pertension and/or chronic obstructive lung diseases were excluded. Thirty-five healthy
volunteers (matched for age and sex) were also included as controls. The study was ap-
proved by our institution’s Ethics committee (Azienda Ospedaliera di Padova, Padova,
Italy, 5505/ A0/22), and all participants provided written informed consent.

2.2. Data Collection from IIMs Patients

Demographic, clinical, and serological variables were recorded for each patient. All
patients had at least one chest HRCT and one assessment of pulmonary function tests (PFTs)
performed within the 6 months before the enrollment. ILD was diagnosed by HRCT in the
presence of reticular abnormalities, ground-glass opacities and /or honeycombing. Three
patterns of ILD were identified: usual interstitial pneumonia (UIP), nonspecific interstitial
pneumonia (NSIP) and organizing pneumonia (OP) [18].

Serum anti-nuclear antibodies (ANA) were analyzed by immunofluorescence (IF)
assay on HEp-2 cells, anti-extractable nuclear antigen (ENA) antibodies by enzyme-linked
immunosorbent assay (ELISA) and immunoblot, MSA and MAA by commercial line blots
(Euroline Myositis Profile, Euroimmun, Lubeck, Germany) including recombinant human
proteins for Mi-2 alpha, transcription intermediary factor 1-gamma (TIF1y), small ubiquitin-
like modifier-1 activating enzyme (SAE), Ku, PM-5c175/100, MDA-5, signal recognition
particle (SRP), Jo-1, PL-7, PL-12, E] and OJ.

Atbaseline, the following PFTs indices (expressed as the percentage of observed/theoretic
values) were recorded: forced vital capacity (FVC), total lung capacity (TLC), diffusing capacity
for carbon monoxide (DLCO) and carbon monoxide transfer coefficient (KCO) calculated as
the ratio between DLCO and alveolar volume (VA).

At 24 months, we retook PFTs and HRCT, and collected the following data: worsening
of respiratory symptoms (i.e., dyspnea and cough), new requirement or increased need for
supplemental oxygen, new onset pulmonary hypertension and ongoing immunosuppres-
sive and glucocorticoids therapy. According to the INBUILD CRITERIA [19], PF-ILD was
defined as FVC decline >10% or a relative FVC decline >5 and <10% in the presence of
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worsening of respiratory symptoms or fibrosis extent on HRCT or worsening of respiratory
symptoms in presence of fibrosis extent, all within 24 months from the baseline evaluation.
In the presence of worsening dyspnea, other causes were excluded (i.e., by performing
EKG and Echocardiography to exclude a cardiogenic origin).

2.3. Quantitative Analyses of Candidate Serum Biomarkers

Blood samples were collected during routine blood tests, using standardized proce-
dures and processing: centrifugation at 3000 rpm for 10 min to separate the supernatant;
serum samples were stored at —80 °C until assayed. Serum PARC/CCL18 was analyzed
by enzyme immunoassay (Human PARC/CCL18 ELISA Kit, Invitrogen, Thermo Fischer
Scientific, Waltham, MA, USA). According to the experimental protocol, serum samples
were assayed in duplicate using a 1:1000 dilution. The optical density was measured in
a microtiter plate reader at 450 nm using the TECAN Sunrise III (Tecan, Médnnedorf, CH,
Switzerland). The concentrations, expressed as ng/mL, were calculated using the stan-
dard curves generated according to specific standards provided by the manufacturer. The
enzyme immunoassay (Human OX40L ELISA Kit, Invitrogen, Thermo Fischer Scientific)
was used to measure serum levels of human OX40L. In agreement with the experimental
protocol, serum samples were assayed in duplicate using a 1:1 dilution. The concentrations,
expressed as ng/mL, were calculated using the standard curves generated according to
specific standards provided by the manufacturer. The intra- and inter-assay coefficients
of variation were <10% for both assays. Serum samples from 35 healthy controls were
also analyzed.

2.4. Statistical Analysis

Continuous variables were expressed as median (interquartile range) and categorical
variables as frequency and percentage. Comparison between groups (i.e., [IMs-ILD vs. no
ILD, and progressors vs. non progressors) was carried out using the Mann-Whitney U
test for continuous variables and the chi-squared test or Fisher’s exact probability test for
categorical data, where appropriate. The ability of CCL18 to diagnose IIMs-ILD and to
identify patients who may develop PF-ILD was assessed by receiver operating characteristic
(ROC) curve analysis. Sensitivity, specificity, positive predictive value (PPV) and negative
predictive value (NPV) were calculated. To avoid collinearity, two multivariate models were
performed to identify factors independently associated with the diagnosis of ILD by logistic
regression. Logistic regression was also performed to determine independent predictors
of PF-ILD. Variables found to be different (p < 0.1) at univariate analysis were included
in the multivariate logistic regression models (with backward elimination), adjusted for
age and sex. All tests were two-tailed, and p values <0.05 were considered significant. The
statistical analysis was performed using the SPSS statistical package, version 22.0.

3. Results
3.1. Study Population

We enrolled in the study 93 IIMs patients: 61% women; the mean age range was
62 (54.5-71) years, and mean disease duration was 3 (2-9) years. Baseline HRCT showed
findings consistent with lung fibrosis in 50/93 (53.7%) patients. Demographic, clinical,
serological, and functional features of patients with and without ILD are reported in Table 1.

Table 1. Demographic, serological and clinical features in all patients and according to the presence
of ILD.

All Patients IIMs-ILD IIMs without ILD

(n = 93) (n = 50) (n = 43) P
Age, yrs 62 (54.5-71) 62.5 (57-71) 62 (49-71) 0.284
Female Sex 61 (65.6) 31 (62) 30 (69.8) 0.432
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All Patients IIMs-ILD IIMs without ILD
(n = 93) (n = 50) (n = 43) P

Disease duration, yrs 3(2-9) 4(2-11) 3(2-9) 0.186
DM, n (%) 34 (36.6) 11 (22) 23 (53.5)
PM, n (%) 30 (32.3) 12 (24) 18 (41.9) <0.0001
ASyS, n (%) 29 (31.2) 27 (54) 2(4.7)
Fever, n (%) 5(5.4) 4(8.2) 1(2.3) 0.218
Weight loss, 1 (%) 5(5.4) 2(4.1) 3(7) 0.541
Muscular weakness, 1 (%) 43 (46.2) 23 (46) 20 (46.5) 0.961
MMT-8 146 (140-150) 148 (143.5-150) 145 (140-150) 0.363
Dysphagia, 1 (%) 14 (15.2) 6(12.2) 8 (18.6) 0.397
Heliotropic Rash, 1 (%) 21 (22.8) 8 (16.3) 13 (30.2) 0.113
Mechanic’s hands, 1 (%) 13 (14.3) 11 (22.9) 2(4.7) 0.013
Arthritis, n (%) 21 (22.8) 15 (30.6) 6 (14) 0.058
Myocarditis, 1 (%) 4 (4.7) 2 (4.4) 2 (4.9) 0.924
PH (group 3), n (%) 1(1.1) 1(2) 0(0) 0.351
Dyspnea, 1 (%) 25 (27.2) 22 (44.9) 3(7) <0.0001
Cough, n (%) 10 (10.9) 7 (14.3) 3(7) 0.261
FvC 96 (74-100) 89 (70-109) 106.5 (93-114) 0.050
TLC 83 (70-96) 81 (66-92) 92.5 (66-107) 0.032
DLCO 73.5 (62-81.7) 69 (56.5-80) 80 (69-93) 0.013
KCO 86 (73.7-102.7) 86 (67-101) 86 (75-105) 0.510
CK,U/L 100 (64.5-333.5) 100 (50-293) 108 (88-529.5) 0.666
CCL18, ng/mL 232.9 (134.7-399.1) 306.8(190.8-520.5) 162 (75.4-255.8) <0.0001
ANA, 1 (%) 58 (63) 34 (69.4) 24 (55.8) 0.178
Anti-ENA, 1 (%) 47 (50.5) 34 (68) 13 (30.2) <0.0001
Myositis-specific antibodies, 1 (%) 60 (64.5) 40 (80) 20 (46.5) 0.001
Myositis-associated antibodies, 1 (%) 41 (44.6) 28 (57.1) 13 (30.2) 0.01
Anti-synthetase antibodies, 1 (%) 32 (34.4) 28 (56) 4(9.3) <0.0001
Anti-SSA, n (%) 33 (35.5) 22 (44) 11 (25.6) 0.06
Anti-Ro52, 11 (%) 28 (30.1) 20 (40) 8 (18.6) 0.025
Anti-SSB, n (%) 3(3.2) 3(6) 0(0) 0.103
Anti-Mi2, n (%) 9(9.7) 2 (4) 7 (16.3) 0.046
Anti-UIRNP, 1 (%) 3(3.2) 2(4) 1(2.3) 0.649
Anti-MDAS5, n (%) 10 (10.8) 6 (12) 4(9.3) 0.675
Anti-Jol, n (%) 20 (21.5) 17 (34) 3(7) 0.002
Anti-PL12, n (%) 5(.4) 5 (10) 0(0) 0.033
Anti-PL7, n (%) 3(3.2) 2 (4) 1(2.3) 0.649
Anti-PL12 or PL7, n (%) 8(7) 7 (14) 1(2.3) 0.045
Anti-EJ, n (%) 3(.2) 3(6) 0(0) 0.103
Anti-Ku, 1 (%) 3(3.2) 2 (4) 1(2.3) 0.649
Anti-NXP2, n (%) 3(3.2) 3 (6) 0(0) 0.103
Anti-TIF1y, n (%) 6 (6.5) 2 (4) 4(9.3) 0.299
Anti-SRP, 1 (%) 3(3.2) 2 (4) 1(2.3) 0.649
Anti-PMScl, n (%) 6 (6.5) 3(6) 3(7) 0.848
Glucocorticoids, 1 (%) 62 (70.5) 35 (72.9) 27 (67.5) 0.579
Immunosuppressants, 1 (%) 65 (71.4) 25 (71.4) 30 (71.4) 1.000
Mycophenolate, 1 (%) 27 (34.2) 19 (45.2) 8 (21.6) 0.027
Methotrexate, 1 (%) 32 (40.5) 10 (23.8) 22 (59.5) 0.001
Azathioprine, 1 (%) 3(3.8) 3(7.1) 0(0) 0.097
Rituximab, 1 (%) 3(3.8) 2 (4.8) 1(2.7) 0.633

Values are expressed as numbers and (%) or median and Q1-Q3 as appropriate. ANA, anti-nuclear antibodies;
ASyS, antisynthetase syndrome; CK, creatine kinase; DLCO, diffusion lung CO; DM, dermatomyositis; ENA,
extractable nuclear antigen; FVC, forced vital capacity; ILD, interstitial lung disease; KCO, carbon monoxide
transfer coefficient; MDADS, anti-melanoma differentiation-associated gene; MMT, manual muscle test; PH,
pulmonary hypertension; PM, polymyositis; RNP, ribonucleoprotein; SRP, signal recognition particle; TIFly,
transcription intermediary factor 1-gamma; TLC, total lung capacity.
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The two groups of patients were similar in terms of demographic features and disease
duration. IIMs patients affected with ILD more frequently had positive myositis specific
and associated autoantibodies, including antisynthetase antibodies as compared to those
without ILD. Mechanic’s hands (p = 0.013) and dyspnoea (p < 0.0001) were more common,
and arthritis (p = 0.058) tended to be more common in the IIMs-ILD group than in patients
without ILD. As expected, lung volume indices (i.e., FVC and TLC) and DLCO were lower
(more compromised) in patients with ILD than in those without; mycophenolate mofetil
was administered more frequently to patients with ILD (p = 0.027), and methotrexate was
administered to those without ILD (p = 0.001) (Table 1). Among patients with IIMs-ILD, 32
(64%) had NSIP pattern; 8 (16%) had UIP pattern, and 10 (20%) had OP pattern on HRCT.

3.1.1. Performance of Serum Markers for the Diagnosis of IIMs-ILD

OX40L serum levels were similar between patients and controls (p = 0.971), whereas
CCL18 serum levels were higher in IIMs patients vs. controls (232.9 [IQR 134.7-399.07]
vs. 48.4 [IQR 29.9-147.5] ng/mL, p < 0.0001). Among IIMs patients, those with ILD had
higher levels of CCL18 than those without (306.8 [190.8-520.5] vs. 162 [75.4-255.8] ng/mL,
p <0.0001, Figure 1A).
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Figure 1. (A) CCL18 serum levels in idiopathic inflammatory myopathies (IIMs) patients with and
without interstitial lung disease (ILD); (B) ROC curve illustrating the diagnostic value of CCL18 for
diagnosis of ILD in patients with IIMs.

ROC curve analysis to assess the performance of CCL18 in identifying IIMs-ILD
showed an area under the curve (AUC) of 0.778 (95% CI 0.69-0.87, p < 0.0001) (Figure 1B).
Using a threshold of 234.7 ng/mL, defined by the ROC curve, CCL18 showed a 68%
sensitivity, 72% specificity, 74% PPV and 66% NPV in identifying IIMs-ILD in our cohort.

3.1.2. Multivariate Analysis for the Diagnosis of IIMs-ILD

We performed two models of multivariate analysis (Table 2). In Model 1, lower values
of TLC (OR 0.944 [95% CI 0.900-0.991], p = 0.019), high CCL18 serum levels (OR 1.014
[95% CI1.005-1.023, p = 0.001]) and the clinical phenotype (OR 4.949 [95% CI 1.516-16.103],
p = 0.008) were independent predictors of PF-ILD. The only independent predictors of
lung fibrosis progression in Model 2 were high CCL18 serum levels (OR 1.009 [95% CI
1.003-1.015], p = 0.004) and positive antisynthetase autoantibodies (OR 5.075 [95% CI
1.120-22.999], p = 0.035).
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Table 2. Multivariate analysis for IIMs-ILD diagnosis.

Variable OR (CI 95%) p
Model 1

Disease phenotype (DM/PM/ASyS)  4.949 (1.516-16.103) 0.008
Anti-Ro52 2.408 (0.408-15.060) 0.324
Anti-Mi2 0.128 (0.000-57.47) 0.578
CCL18 serum levels (ng/mL) 1.014 (1.005-1.023) 0.001
Arthritis 0.591 (0.062-5.674) 0.649
TLC 0.944 (0.900-0.991) 0.019
Model 2

Anti-synthetase antibodies 5.075 (1.120-22.999) 0.035
Anti-Ro52 2.950 (0.656-13.264) 0.158
Anti-Mi2 1.373 (0.048-39.521) 0.853
CCL18 serum levels (ng/mL) 1.009 (1.003-1.015) 0.004
Mechanic’s hands 4.722 (0.442-50.446) 0.199
FVC 0.972 (0.942-1.003) 0.077

Values are expressed as OR (95% CI). CI, confidence interval. ASyS, anti-synthetase syndrome; DM, dermato-
myositis; PM, polymyositis; FVC, forced vital capacity; TLC, total lung capacity.

3.1.3. Comparison between Patients with or without a PF-ILD

At the 24-month follow-up visit, 22/50 (44%) patients had developed PF-ILD. De-
mographic, clinical, serological, and functional-radiological features of patients with and
without PF-ILD are reported in Table 3. At baseline, patients who developed PF-ILD more
frequently had positive anti-PL-7 or anti-PL-12 antibodies (p = 0.017) and tended to have
a lower prevalence of arthritis (p = 0.09) and more frequently dyspnea (p = 0.071) than
non-progressors. No other baseline differences regarding autoantibody profile, clinical
and radiological variables, functional pulmonary features, and treatment were found in
progressors vs. non-progressors. Patients who developed PF-ILD had higher serum levels
of CCL18 at baseline than non-progressors (511 [307-958.7] vs. 207.1 [149.3-381.7] ng/mL,
p <0.0001) (Figure 2A).

Table 3. Demographic, serological, and clinical features in IIMs-ILD progressors vs. non progressors.

Progressors Non Progressors
(n=22) (n = 28) p

Age, yrs 62 (56-72.7) 62.5 (57.5-69.7) 0.922
Female Sex, n (%) 16 (72.3) 15 (53.6) 0.166
Disease duration, yrs 4(2.2-10.7) 3.5 (2-11.7) 0.983
DM, 1 (%) 3 (13.6) 8 (28.6)

PM, n (%) 6 (27.3) 6(21.4) 0.446
ASyS, n (%) 13 (59.1) 14 (50)

Fever, n (%) 1 (4.5) 3(10.7) 0.404
Weight loss, 1 (%) 0 (0) 2(7.1) 0.192
Muscle weakness, 1 (%) 8 (36.4) 15 (53.6) 0.226
MMT-8 150 (145-150) 147 (133-150) 0.159
Dysphagia, 1 (%) 1 (4.5) 5(17.8) 0.138
Heliotropic Rash, n (%) 2(9.1) 6 (21.4) 0.216
Mechanic’s hands, 1 (%) 3(13.6) 8 (26.7) 0.210
Arthritis, n (%) 4(18.2) 11 (39.3) 0.09
Myocarditis, 1 (%) 2(9) 0(0) 0.196
Dyspnoea, 1 %) 13 (59) 9(32.1) 0.071
Cough, 1 (%) 5(22.7) 2(7.1) 0.127
NSIP, 1 (%) 17 (77.3) 15 (53.6)

UIPR, n (%) 1 (4.5) 7 (25) 0.113
OP, n (%) 4(18.2) 6(21.4)

FVC 92 (71.7-108.5) 79 (69-110) 0.102
TLC 81 (62-101) 79.5 (67.7-89) 0.500
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Table 3. Cont.

Progressors Non Progressors
(n=22) (n = 28) P
DLCO 69 (59.5-80.5) 70 (51-80) 0.782
KCO 86 (58-98) 87.5 (73.2-109.5) 0.310
CK,U/L 100 (10-181) 107.5 (86.2-483.2) 0.134
CCL18, ng/mL 511 (307-958.7) 207.1 (149.3-381.7) <0.0001
ANA, n (%) 15 (68.2) 19 (67.9) 0.869
Anti-ENA, 1 (%) 15 (68.2) 19 (67.9) 0.981
Myositis-specific antibodies, 1 (%) 19 (86.4) 21 (75) 0.319
Myositis-associated antibodies, 1 (%) 13 (59.1) 15 (53.6) 0.804
Antisynthetase antibodies, 1 (%) 12 (54.5) 16 (57.1) 0.854
Anti-SSA, n (%) 11 (50) 11 (39.3) 0.449
Anti-Ro52, 11 (%) 10 (45.5) 10 (35.7) 0.485
Anti-SSB, n (%) 2(9.1) 1(3.6) 0.415
Anti-Mi2, n (%) 1(4.5) 1(3.6) 0.861
Anti-UIRNP, 1 (%) 1(4.5) 1(3.6) 0.861
Anti-MDAS5, n (%) 4(18.2) 2(7.1) 0.233
Anti-Jol, n (%) 5(22.7) 12 (42.9) 0.136
Anti-PL12, 1 (%) 4 (18.2) 1(3.6) 0.087
Anti-PL7, n (%) 29.1) 0 (0) 0.103
Anti-PL12 or PL7, n (%) 6 (27.3) 1(3.6) 0.017
Anti-EJ, n (%) 2(9.1) 1(3.6) 0.415
Anti-Ku, n (%) 1 (4.5) 1(3.6) 0.861
Anti-NXP2, n (%) 2(9.1) 1(3.6) 0.415
Anti-TIF1y, n (%) 0 (0) 2(7.1) 0.201
Anti-SRP, 1 (%) 2(9.1) 0 (0) 0.103
Anti-PMScl, n (%) 2(9.1) 1(3.3) 0.415
Glucocorticoids, 1 (%) 13 (61.9) 22 (81.5) 0.192
Immunosuppressants, 1 (%) 15 (68.1) 21 (75) 0.276
Mycophenolate, 1 (%) 8 (36.3) 12 (42.8) 0.663
Methotrexate, n (%) 4(18.2) 6 (21.4) 0.972
Azathioprine, 1 (%) 2(9.1) 1(3.6) 0.338
Rituximab, 1 (%) 1(4.5) 1(3.6) 0.779

Values are expressed as numbers and (%) or median and Q1-Q3 as appropriate. ANA, anti-nuclear antibodies;
ASyS, antisynthetase syndrome; CK, creatine kinase; DLCO, diffusion lung CO; DM, dermatomyositis; ENA,
extractable nuclear antigen; FVC, forced vital capacity; ILD, interstitial lung disease; KCO, carbon monoxide
transfer coefficient; MDAS, anti-melanoma differentiation-associated gene; MMT, manual muscle test; OP, or-
ganizing pneumonia; NSIP, nonspecific interstitial pneumonia; PM, polymyositis; RNP, ribonucleoprotein; SRP,
signal recognition particle; TIF1ly, transcription intermediary factor 1-gamma; TLC, total lung capacity; UIP, usual
interstitial pneumonia.

ROC curve analysis to assess the performance of CCL18 in identifying patients with
PF-ILD showed an area under the curve (AUC) of 0.843 (95% CI 0.74-0.95, p < 0.001)
(Figure 2B). Using a threshold of 303.5 ng/mL, defined by the ROC curve, CCL18 showed
an 82% sensitivity, 69% specificity, 67% PPV and 83% NPV in predicting the occurrence of
PF-ILD in our cohort.

3.1.4. Multivariate Analysis for the Occurrence of PF-ILD

Multivariate analysis for the occurrence of PF-ILD showed CCL18 as the only inde-
pendent predictor of PE-ILD (OR 1.007 [1.002-1.011], p = 0.008) (Table 4).

Table 4. Multivariate analysis for the occurrence of ILD progression.

Variable OR (CI 95%) 4

Arthritis 0.357 (0.073-1.759) 0.206
Anti-PL12 or anti-PL7 3.730 (0.288-48.40) 0.314
Immunosuppressants 2.668 (0.429-16.58) 0.293

CCL18 serum levels (ng/mL) 1.006 (1.002-1.011) 0.005
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Figure 2. (A) CCL18 serum levels in IIMs-ILD patients with and without progressive fibrosing ILD
(PF-ILD) (B) ROC curve illustrating the value of CCL18 in predicting the occurrence of PF-ILD in
patients with IIMs.

4. Discussion

The recent development and approval of new treatments for CTD-ILD has highlighted
the urgent need to identify reliable predictors of PF-ILD occurrence, to early stratify patients
and optimize their management [2]. The evaluation of some disease features may not be
univocal among physicians, especially in non-referral centers [20]. Hence, the emergence
of serum biomarkers—objectively measurable indicators of physiological or pathological
processes—as promising diagnostic and prognostic tools in clinical practice [10,21].

We found that increased levels of CCL18 can independently predict the development
of PF-ILD in patients with IIMs-ILD. In fact, our findings and particularly the ROC curve
suggest that CCL18 may better identify patients likely to develop PF-ILD, rather than
the presence of ILD itself. This ability of the chemokine seems particularly intriguing in
clinical practice, since screening methods for ILD have improved in recent years while early
identification of patients at risk for PF-ILD is still one of the main challenges.

CCL18 has been found increased in serum, bronchoalveolar lavage fluid or sputum of
patients with T-helper 2 (Th2)-predominant diseases such as IPF, hypersensitivity pneumo-
nia and Sc [22]. In patients with I[IMs, the immune response is characterized by an increase
of the percentage of Th1l and Th2 lymphocytes in the serum, with higher Th2/Th1 and
Th2/Th17 ratios vs. controls [23,24]. It has been demonstrated that increased CCL18 levels
are predictive of mortality and pulmonary fibrosis progression in patients with IPF and
SSc [8,25]. Although ILD progression has been more thoroughly investigated in Sc [26] than
in other CTDs, a very recent report from the Canadian ILD registry has highlighted that
about 40% of IIMs-ILD patients may develop PF-ILD according to the INBUILD criteria,
despite treatment [4]. The percentage was similar in our study population, indicating
that IIM-ILD patients should be carefully monitored for ILD progression. Among several
clinical and serological IIM-specific features and ILD-specific characteristics (i.e., radiologi-
cal pattern and PFTs impairment), CCL18 emerged as the only independent predictor of
PF-ILD in our cohort. Moreover, the ROC curve analysis allowed us to identify 301 U/mL
as the optimal threshold for the prediction of PF-ILD in IIMs patients, with a sensitivity and
VPN above 80%. Thus, our findings suggest that the evaluation of CCL18 at baseline could
help stratifying the risk of IIMs patients with ILD leading to a close monitoring of patients
at higher risk to develop PF-ILD by reassessing PFTs and HRCT to the optimization of pa-
tients” management (e.g., adopting a more aggressive therapeutic strategy in earlier stages
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of IIMs-ILD). In this regard, it bears noting the lack of shared strategies on ILD monitoring
in IIMs, along with the absence of a formal international consensus on treatment of this
frequent and potentially life-threatening organ involvement in IIMs.

It should be noted that in our study the mean values of CCL18 in IIMs-ILD patients
are considerably higher than those reported in Rheumatoid Arthritis [27] and SSc [10] and
closer to those reported in active hypersensitivity pneumonia [22]. This could be due to the
more inflammatory nature of IIMs-ILD compared for example with SSc-ILD, as CCL18 is
known to be highly inducible by inflammatory stimuli.

As a limitation of our study, the relatively small sample size may have underpow-
ered some differences; e.g., although 4/6 IIMs-ILD patients with anti-MDAS5 positivity
developed PF-ILD, the data were not statistically significant. Nevertheless, it must be
considered that IIMs are recognized as a rare disease. Moreover, the lack of a radiological
score evaluation did not allow to define the extent of ILD, in addition to functional impair-
ment. By contrast, one strength of our study is that all patients were enrolled from a single,
homogeneous, and well-characterized cohort of IIMs.

In conclusion, CCL18—but not OX40L—may be a useful diagnostic biomarker in the
assessment of patients with [IMs-ILD, and it seems to be particularly promising in the
early identification of the PF-ILD forms. Larger studies are needed to assess its clinical
applicability and ascertain its sensitivity to changes, since only baseline serum levels
were evaluated in our cohort. Furthermore, the potential predictive value of monitoring
the clinical response to treatment (i.e., immunosuppressants and/or antifibrotics) should
be assessed.

Author Contributions: Conceptualization, E.Z., M.G., E.B., L.I. and A.D.; methodology, E.Z. and M.T,;
formal analysis, E.Z. and A.M.; data curation, E.Z., C.G., R.D., A.G. and M.T; writing—original draft
preparation, E.Z., A M. and M.G., writing—review and editing, E.Z., LI, E.B. and A.D.; supervision,
E.B., C.G,, LI and A.D. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by our institution’s Ethics committee (Azienda Ospedaliera di Padova, n.
5505/A/22).

Informed Consent Statement: Informed consent was obtained from all subjects.
Data Availability Statement: Not applicable.

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

References

1.

De Zorzi, E.; Spagnolo, P.; Cocconcelli, E.; Balestro, E.; Iaccarino, L.; Gatto, M.; Zanatta, E. Thoracic Involvement in Systemic
Autoimmune Rheumatic Diseases: Patho-genesis and Management. Clin. Rev. Allergy Immunol. 2022, 63, 472-489. [CrossRef]
[PubMed]

Wijsenbeek, M.; Cottin, V. Spectrum of Fibrotic Lung Diseases. N. Engl. . Med. 2020, 383, 958-968. [CrossRef]

Cottin, V.; Valenzuela, C. Progressive pulmonary fibrosis: All roads lead to Rome (but not all at the same speed). Eur. Respir. ].
2022, 60, 2201449. [CrossRef] [PubMed]

Hambly, N.; Farooqi, M.M.; Dvorkin-Gheva, A.; Donohoe, K.; Garlick, K.; Scallan, C.; Chong, S.G.; Maclsaac, S.; Assayag, D.;
Johannson, K.A.; et al. Prevalence and characteristics of progressive fibrosing interstitial lung disease in a prospective registry.
Eur. Respir. ]. 2022, 60, 2102571. [CrossRef]

Cavagna, L.; Trallero-Araguas, E.; Meloni, F; Cavazzana, I.; Rojas-Serrano, J.; Feist, E.; Zanframundo, G.; Morandi, V.; Meyer, A;
da Silva, J.A.P; et al. Influence of Antisynthetase Antibodies Specificities on Antisynthetase Syndrome Clinical Spectrum Time
Course. J. Clin. Med. 2019, 8, 2013. [CrossRef] [PubMed]

Schutyser, E.; Richmond, A.; Van Damme, J. Involvement of CC chemokine ligand 18 (CCL18) in normal and pathological
processes. J. Leukoc. Biol. 2005, 78, 14-26. [CrossRef]

Islam, S.A ; Ling, M.; Leung, J.; Shreffler, W.G.; Luster, A.D. Identification of human CCRS8 as a CCL18 receptor. J. Exp. Med. 2013,
210, 1889-1898. [CrossRef] [PubMed]

Prasse, A.; Probst, C.; Bargagli, E.; Zissel, G.; Toews, G.B.; Flaherty, K.R.; Miiller-Quernheim, J. Serum CC-chemokine ligand
18 concentration predicts outcome in idiopathic pul-monary fibrosis. Am. J. Respir. Crit. Care Med. 2009, 179, 717-723. [CrossRef]


https://doi.org/10.1007/s12016-022-08926-0
https://www.ncbi.nlm.nih.gov/pubmed/35303257
https://doi.org/10.1056/NEJMra2005230
https://doi.org/10.1183/13993003.01449-2022
https://www.ncbi.nlm.nih.gov/pubmed/36202405
https://doi.org/10.1183/13993003.02571-2021
https://doi.org/10.3390/jcm8112013
https://www.ncbi.nlm.nih.gov/pubmed/31752231
https://doi.org/10.1189/jlb.1204712
https://doi.org/10.1084/jem.20130240
https://www.ncbi.nlm.nih.gov/pubmed/23999500
https://doi.org/10.1164/rccm.200808-1201OC

Diagnostics 2023, 13, 1715 10 of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Hoffmann-Vold, A.-M.; Tennee, A.H.; Garen, T.; Midtvedt, J.; Abraityte, A.; Aalokken, TM.; Lund, M.B.; Brunborg, C.; Aukrust,
P; Ueland, T.; et al. High Level of Chemokine CCL18 Is Associated with Pulmonary Function Deterioration, Lung Fibrosis
Progression, and Reduced Survival in Systemic Sclerosis. Chest 2016, 150, 299-306. [CrossRef]

Elhai, M.; Hoffmann-Vold, A.M.; Avouag, J.; Pezet, S.; Cauvet, A.; Leblond, A.; Allanore, Y. Performance of Candidate Serum
Biomarkers for Systemic Sclero-sis-Associated Interstitial Lung Disease. Arthritis Rheumatol. 2019, 71, 972-982. [CrossRef]
Jacquemin, C.; Schmitt, N.; Contin-Bordes, C.; Liu, Y.; Narayanan, P; Seneschal, J.; Maurouard, T.; Dougall, D.; Davizon, E.S.;
Dumortier, H.; et al. OX40 Ligand Contributes to Human Lupus Pathogenesis by Promoting T Follicular Helper Response.
Immunity 2015, 42, 1159-1170. [CrossRef] [PubMed]

Webb, G.J.; Hirschfield, G.M.; Lane, PJ. OX40, OX40L and Autoimmunity: A Comprehensive Review. Clin. Rev. Allergy Immunol.
2016, 50, 312-332. [CrossRef]

Elhai, M.; Avouac, J.; Hoffmann-Vold, A.M.; Ruzehaji, N.; Amiar, O.; Ruiz, B.; Brahiti, H.; Ponsoye, M.; Fréchet, M.; Burgevin,
A.; et al. OX40L blockade protects against inflammation-driven fibrosis. Proc. Natl. Acad. Sci. USA 2016, 113, E3901-E3910.
[CrossRef] [PubMed]

Tateyama, M.; Fujihara, K.; Ishii, N.; Sugamura, K.; Onodera, Y.; Itoyama, Y. Expression of OX40 in muscles of polymyositis and
granulomatous myopathy. J. Neurol. Sci. 2002, 194, 29-34. [CrossRef] [PubMed]

Bohan, A.; Peter, ].B. Polymyositis and dermatomyositis (first of two parts). N. Engl. ]. Med. 1975, 292, 344-347. [CrossRef]
[PubMed]

Hoogendijk, J.E.; Amato, A.A.; Lecky, B.R.; Choi, E.H. Trial design in adult idiopathic in-flammatory myopathies, with the
exception of inclusion body myositis. In Proceedings of the 119th ENMC International Workshop, Naarden, The Netherlands,
10-12 October 2003. Neuromuscul. Disord. 2004, 14, 337-345. [CrossRef]

Lundberg, LE.; Tjarnlund, A.; Bottai, M.; Tjarnlund, A. 2017 European League Against Rheumatism/American College of
Rheumatology Classification Criteria for Adult and Juvenile Idiopathic Inflammatory Myopathies and Their Major Subgroups.
Arthritis Rheumatol. 2017, 69, 2271-2282. [CrossRef] [PubMed]

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]

Flaherty, K.R.; Wells, A.U,; Cottin, V.; Devaraj, A.; Walsh, S.L.; Inoue, Y.; Richeldi, L.; Kolb, M.; Tetzlaff, K.; Stowasser, S.; et al.
Nintedanib in Progressive Fibrosing Interstitial Lung Diseases. N. Engl. |. Med. 2019, 381, 1718-1727. [CrossRef]

Ghirardello, A.; Borella, E.; Beggio, M.; Franceschini, F.; Fredi, M.; Doria, A. Myositis autoantibodies and clinical phenotypes.
Autoimmun. Highlights 2014, 5, 69-75. [CrossRef]

Zanatta, E.; Martini, A.; Scarpieri, E.; Biasiolo, A.; Ortolan, A.; Benvenuti, F; Doria, A. Squamous cell carcinoma antigen-IgM
(SCCA-IgM) is associated with interstitial lung disease in systemic sclerosis. Jt. Bone Spine 2020, 87, 331-335. [CrossRef] [PubMed]
Cai, M,; Bonella, E; He, X,; Sixt, S.U.; Sarria, R.; Guzman, J.; Costabel, U. CCL18 in serum, BAL fluid and alveolar macrophage
culture supernatant in interstitial lung diseases. Respir. Med. 2013, 107, 1444-1452. [CrossRef]

Franco, C.; Gatto, M.; Iaccarino, L.; Ghirardello, A.; Doria, A. Lymphocyte immunophenotyping in inflammatory myositis: A
review. Curr. Opin. Rheumatol. 2021, 33, 522-528. [CrossRef] [PubMed]

Shimojima, Y.; Ishii, W.; Matsuda, M.; Ikeda, S.I. Phenotypes of Peripheral Blood Lymphocytes and Cytokine Expression in
Pol-ymyositis and Dermatomyositis before Treatment and after Clinical Remission. Clin. Med. Insights Arthritis Musculoskelet.
Disord. 2012, 5, 77-87. [CrossRef] [PubMed]

Schupp, J.; Becker, M.; Giinther, J.; Miiller-Quernheim, J.; Riemekasten, G.; Prasse, A. Serum CCL18 is predictive for lung disease
progression and mortality in systemic sclerosis. Eur. Respir. ]. 2014, 43, 1530-1532. [CrossRef] [PubMed]

Zanatta, E.; Huscher, D.; Ortolan, A.; Avouac, J.; Airo, P,; Balbir-Gurman, A.; Allanore, Y. Phenotype of limited cutaneous systemic
sclerosis patients with positive an-titopoisomerase I antibodies: Data from the EUSTAR cohort. Rheumatology 2022, 61, 4786-4796.
[CrossRef]

Avouag, ].; Cauvet, A.; Steelandt, A.; Shirai, Y.; Elhai, M.; Kuwana, M.; Distler, O.; Allanore, Y. Improving risk-stratification of
rheumatoid arthritis patients for interstitial lung disease. PLoS ONE 2020, 15, e0232978. [CrossRef]

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/10.1016/j.chest.2016.03.004
https://doi.org/10.1002/art.40815
https://doi.org/10.1016/j.immuni.2015.05.012
https://www.ncbi.nlm.nih.gov/pubmed/26070486
https://doi.org/10.1007/s12016-015-8498-3
https://doi.org/10.1073/pnas.1523512113
https://www.ncbi.nlm.nih.gov/pubmed/27298374
https://doi.org/10.1016/S0022-510X(01)00668-2
https://www.ncbi.nlm.nih.gov/pubmed/11809163
https://doi.org/10.1056/NEJM197502132920706
https://www.ncbi.nlm.nih.gov/pubmed/1090839
https://doi.org/10.1016/j.nmd.2004.02.006
https://doi.org/10.1002/art.40320
https://www.ncbi.nlm.nih.gov/pubmed/29106061
https://doi.org/10.1164/rccm.202202-0399ST
https://doi.org/10.1056/NEJMoa1908681
https://doi.org/10.1007/s13317-014-0060-4
https://doi.org/10.1016/j.jbspin.2020.02.003
https://www.ncbi.nlm.nih.gov/pubmed/32087361
https://doi.org/10.1016/j.rmed.2013.06.004
https://doi.org/10.1097/BOR.0000000000000831
https://www.ncbi.nlm.nih.gov/pubmed/34402455
https://doi.org/10.4137/CMAMD.S10272
https://www.ncbi.nlm.nih.gov/pubmed/23115480
https://doi.org/10.1183/09031936.00131713
https://www.ncbi.nlm.nih.gov/pubmed/24789955
https://doi.org/10.1093/rheumatology/keac188
https://doi.org/10.1371/journal.pone.0232978

	Introduction 
	Materials and Methods 
	Study Population 
	Data Collection from IIMs Patients 
	Quantitative Analyses of Candidate Serum Biomarkers 
	Statistical Analysis 

	Results 
	Study Population 
	Performance of Serum Markers for the Diagnosis of IIMs-ILD 
	Multivariate Analysis for the Diagnosis of IIMs-ILD 
	Comparison between Patients with or without a PF-ILD 
	Multivariate Analysis for the Occurrence of PF-ILD 


	Discussion 
	References

