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Abstract

Background: “Interstitial lung disease” (ILD) is a broad term encompassing diseases of different backgrounds. “Interstitial
pneumonia with autoimmune features” (IPAF) is a recent term that implies the presence of autoimmunity.

Objective: This study aims to determine the characteristics of Polish patients with IPAF, compare them with patients with other
interstitial pneumonias, and search for the prognostic and diagnostic biomarkers of IPAF in serum and bronchoalveolar lavage
fluid (BALF).

Methods: This multicenter prospective study plans to recruit 240 participants divided into 1 study group and 2 control groups.
Biological fluid samples will be collected according to Polish Respiratory Society management guidelines and stored at –80°C
for further tests. Prospective 5-year observations of 60 newly diagnosed individuals are planned. The study will be divided into
subsections. First, we plan to characterize Polish patients with IPAF (study group) against their peers with other ILDs (2 control
groups). Control group 1 will comprise patients with idiopathic ILDs, including mainly idiopathic pulmonary fibrosis and
nonspecific interstitial pneumonia. Control group 2 will comprise patients with connective tissue disease–associated interstitial
lung diseases, such as rheumatoid arthritis, systemic sclerosis, polymyositis, dermatomyositis, Sjögren’s syndrome, mixed
connective tissue disease, and systemic lupus erythematosus. Radiological and functional parameters will be analyzed. Patients
will be compared in terms of high-resolution computed tomography results, the 6-minute walking test performance, and pulmonary
function test parameters. The diagnosis of IPAF will be reassessed on a regular basis through multidisciplinary discussion in
order to determine its clinical stability. In the laboratory arm, inflammation and fibrosis pathways will be assessed. Cytokine
levels (interleukin 8, transforming growth factor beta 1, chemokine C-C motif ligand [CXCL]18, CXCL1, surfactant protein
[SP]-A, SP-D, Krebs von den Lungen-6 protein, and chitinase 1) will be measured in serum and BALF. A comparative analysis
of serum and BALF cytokine levels will be performed in order to establish potential differences between systemic and local
inflammatory pathways. In the quality of life (QoL) arm of the study, dyspnea and cough and their impact on various aspects of
the QoL will be assessed. Depression and anxiety will be measured with the Hospital Anxiety and Depression Modified Scale
and the 9-item Patient Health Questionnaire, and potential correlations with symptom prevalence will be assessed.

Results: This study will start recruiting patients to phase 1 in October 2023. The final results will be available in 2028. We plan
to publish preliminary results after 2-3 years from the start of phase 1.

Conclusions: This study will be a step toward a better understanding of IPAF etiopathogenesis and outcomes.

International Registered Report Identifier (IRRID): PRR1-10.2196/44802
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Introduction

Background
Interstitial pneumonia with autoimmune features (IPAF) was
defined in 2015 by the Working Group of the European
Respiratory Society (ERS) and the American Thoracic Society
(ATS) as interstitial pneumonia with some clinical or serological
or both types of features suggesting the presence of an
underlying autoimmune disorder. However, no diagnostic
criteria for any autoimmune disease are met in these patients
during thorough rheumatological workup [1].

“Interstitial lung disease” (ILD) is a broad term encompassing
a varied group of disorders. This includes idiopathic interstitial
pneumonias (IIPs) and ILDs stemming from environmental
exposure or occurring during the course of systemic diseases
[2,3].

Data regarding the etiopathogenesis and natural course of IPAF
are still lacking. As this is a diagnosis at the crossroads of
pulmonology and rheumatology, retrospective and optimally
prospective observational studies may cast more light on this
subject. Retrospective studies suggest that survival in IPAF
does not substantially differ from that in connective tissue
disease–associated interstitial lung disease (CTD-ILD) or
idiopathic pulmonary fibrosis (IPF), and prospectively, merely
10% of patients with IPAF are reclassified as having CTD-ILD,
mostly on the myositis spectrum [4].

Another clinical challenge is in establishing a subset of clinical
traits associated with the development of progressive interstitial
fibrosis and the loss of lung function. Another retrospective

study [5] on individuals with IPAF and CTD-ILD revealed that
yearly decline in the forced vital capacity (FVC) is significantly
more pronounced in IPAF than in CTD-ILD. Progression is
influenced by the presence of anti–Sjögren’s syndrome–related
antigen A (anti-SSA) antibodies and postexercise pulse increase
in the 6-minute walking test (6MWT) [5].

Most available analyses of the ILD-related quality of life (QoL)
and the influence of respiratory and psychological symptoms
focus on the most prevalent entities (eg, IPF or sarcoidosis).
Research on QoL evaluation in IPAF and its comparison with
other ILDs is still scarce. Individuals with chronic disease often
present with multiple symptoms, which results in decreased
functioning and high medical and societal costs [6]. Depression
and anxiety also contribute to the burden of chronic disease.

Objectives
The primary purpose of this study is to determine the incidence
of IPAF in comparison with IIPs and ILDs occurring during the
course of autoimmune diseases in 6 Polish pulmonological
centers. Further objectives of this study include determination
of the clinical, serological, functional, radiological, and
histopathological characteristics of patients with IPAF; analysis
of diagnostic strategies for specific IPAF subgroups;
determination of the potential diagnostic, predictive, and
prognostic features of IPAF; and prospective 5-year assessment
of patients with IPAF in order to determine the stability of the
diagnosis and potential progression to other diseases (eg, CTDs).
Please see Figure 1 for the study protocol. To the best of our
knowledge, this is the first prospective study focused on patients
with IPAF, CTD-ILD, and IIP in Eastern Europe.
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Figure 1. Study protocol. BALF: bronchoalveolar lavage fluid; IIP: idiopathic interstitial pneumonia; IPAF: interstitial pneumonia with autoimmune
features.

Methods

Study Population
Inclusion criteria are as follows: individuals with ILDs, aged
≥18 years, and able to provide informed consent.

The study group will comprise patients with IPAF defined
according to the criteria established by the Working Group of
the ERS and the ATS [1]. Control group 1 will comprise patients
with the following CTD-ILDs: rheumatoid arthritis (RA),
systemic sclerosis (SSc), polymyositis (PM), dermatomyositis
(DM), Sjögren’s syndrome (SS), mixed connective tissue disease
(MCTD), and systemic lupus erythematosus (SLE) diagnosed
according to the diagnostic criteria issued by the European
League Against Rheumatism (EULAR) or the American College
of Rheumatology (ACR). Control group 2 will comprise patients
with the following IIPs: IPF, nonspecific interstitial pneumonia
(NSIP), cryptogenic organizing pneumonia (COP), acute
interstitial pneumonia (AIP), respiratory bronchiolitis–associated
interstitial lung disease (RB-ILD), desquamative interstitial
pneumonia (DIP), and lymphocytic interstitial pneumonia (LIP).
Previously untreated patients with a new diagnosis of ILD were
recruited for a pilot study (a separate population of patients)
[7].

Exclusion criteria include age<18 years; respiratory tract
infection, including minor upper respiratory tract infections (eg,
the common cold) 4 weeks prior to the diagnostic process;

asthma; tuberculosis; asbestosis; chronic hypersensitivity
pneumonia; Hermansky-Pudlak syndrome; and other causes of
genetic ILDs (eg, lymphangioleiomyomatosis, tuberous sclerosis
complex [TSC], Birt-Hogg-Dubé syndrome, dyskeratosis
congenita, familial forms of ILD, immunodeficiency
syndromes); a history of therapy for ILD, including systemic
glucocorticosteroids (GCs; both pulsed and long-term low-dose
therapy); pregnancy and nursing; malignancy; HIV
seropositivity; and a lack of ability to provide informed consent.
For the QoL arm of the study, we will also exclude participants
unable to communicate verbally.

Ethical Considerations
The study will be carried out according to the Code of Ethics
of the World Medical Association (Declaration of Helsinki).
This protocol was reviewed and approved by the Ethical Board
Committee of the Medical University of Silesia (decision no.
KNW/0022/KB1/130/18/19). The trial is registered with
reference number NCT03870828. All participants will sign the
informed consent form prior to recruitment and will be informed
of their right to waive consent at any time without a negative
effect on their care. The informed consent form was reviewed
and accepted by the Ethical Board Committee in terms of
informativeness and understandability. The form allows for
clinical data collection and secondary analysis. A copy of the
form will be provided to each participant.

The study team will explain data analysis, the study duration,
and objectives to the participants. We find it worth mentioning
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that in addition to drawing larger volumes of blood, storing
biological fluids, and completing the questionnaires, no
procedures beyond standard care will be performed. Therefore,
participants will not be burdened with additional risks or
prolongation of hospitalization/outpatient clinic visits. Study
data will be deidentified to protect the privacy of participants.
Data confidentiality will be maintained. No monetary
compensation will be given to the participants. Voluntary
participation and the time of the participants will be respected.

Study Design

Phase 1
All patients meeting the inclusion criteria and not meeting the
exclusion criteria regardless of prior treatment history will be
recruited to phase 1 of the study. The recruitment process
duration is estimated at 12 months. The previous recruitment
of 40 patients led to a pilot study [7], which impacted further

study design. The maximum number of patients included in this
phase will be 80 (33.3%) in the IPAF group, 80 (33.3%) in the
CTD-ILD group, and 80 (33.3%) in the IIP group.

Phase 2
Only patients with newly diagnosed disease (eg, no prior
diagnosis of ILD and, hence, no prior treatment) will be
recruited. The estimated recruitment duration is 36 months. The
number of patients to be included in this phase will be 20
(33.3%) in the IPAF group, 20 (33.3%) in the CTD-ILD group
(only those with RA, SSc, PM/DM), and 20 (33.3%) in the IIP
group (only those with IPF, NSIP, COP, LIP; optimally 10,
50%, patients in the IPF subgroup and 10, 50%, in the non-IPF
subgroup). Patients who were previously recruited to phase 1
of the study and meet the inclusion criteria of phase 2 may also
be included.

Please see Figure 2 for a flowchart of the study design.

Figure 2. Flowchart of the study design. CTD-ILD: connective tissue disease–associated interstitial lung disease; IIP: idiopathic interstitial pneumonia;
IPAF: interstitial pneumonia with autoimmune features; V: visit.

Visit 1
A thorough medical history will be obtained using the Visit 1
questionnaire. During the first hospitalization, the following
procedures will be performed:

• Pulmonary function tests (PFTs)
• Depression and anxiety assessment
• Blood analysis

• Fiberoptic bronchoscopy (FOB) with bronchoalveolar
lavage (BAL) and bronchial mucosa sampling

• The 6MWT
• Computed tomography (CT)
• Transthoracic echocardiography (TTE)

Visit 2
Only patients who qualify for phase 2 of the study will have
further visits (60 newly diagnosed patients). The following
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procedures will be performed after an average of 6 (SD 3)
months from visit 1:

• The Visit 2 questionnaire
• Cough assessment
• Dyspnea assessment
• Depression and anxiety assessment
• PFTs, the 6MWT, and oxygen saturation (SpO2)

measurement
• Arterial blood gas (ABG) analysis (if indicated)

Visit 3
The following procedures will be performed after an average
of 12 (SD 3) months from visit 1:

• The Visit 2 questionnaire
• Cough assessment
• Dyspnea assessment
• Depression and anxiety assessment
• PFTs and the 6MWT
• High-resolution computed tomography (HRCT)
• Blood sampling (including testing for autoantibodies and

potential biomarkers)
• FOB with BAL (optionally, if clinically indicated)
• Capillary blood gas (CBG) analysis
• TTE
• Rheumatological consultation

Visit 4
The following procedures will be performed after an average
of 24 (SD 3) months from visit 1:

• The Visit 2 questionnaire
• Cough assessment
• Dyspnea assessment
• Depression and anxiety assessment
• PFTs and the 6MWT
• HRCT (if clinically indicated)
• Blood sampling (including testing for autoantibodies and

potential biomarkers)
• FOB with BAL (if clinically indicated)
• CBG analysis

Visit 5
The following procedures will be performed after an average
of 60 (SD 3) months from visit 1:

• The Visit 2 questionnaire
• Cough assessment
• Dyspnea assessment
• Depression and anxiety assessment
• PFTs and the 6MWT
• HRCT (if clinically indicated)
• Blood sampling (including testing for autoantibodies and

potential biomarkers)
• FOB with BAL (if clinically indicated)
• CBG analysis
• Rheumatological consultation

Diagnostic Procedures

Pulmonary Function Tests
PFTs will include spirometry with a reversibility test (in the
case of obstruction), body plethysmography, and diffusion
capacity for carbon monoxide (DLCO). Both absolute and
predicted values will be recorded: forced expiratory volume in
1 second (FEV1), FVC, vital capacity (VC), FEV1/VC ratio,
total lung capacity (TLC), diffusing capacity for carbon
monoxide measured by the single-breath method (DLCO SB),
inspiratory thoracic gas volume (ITGV), and residual
volume/total lung capacity (RV/TLC) ratio. Cough assessment
will be conducted using the Leicester Cough Questionnaire and
numeric scale. Dyspnea assessment will be performed using
the Likert scale and the Modified Borg Scale.

Depression and Anxiety
Depression and anxiety assessment will be conducted using the
Hospital Anxiety and Depression Modified Scale (HADS-M)
and the 9-item Patient Health Questionnaire (PHQ-9).

Blood Analysis
Briefly, a vein will be punctured in order to take a blood sample,
and 30 mL of blood will be drawn. Next, 15 mL of plasma and
15 mL of full blood will be stored separately at –80°C. The
following will be analyzed: N-terminal prohormone of brain
natriuretic peptide (NT-proBNP) biomarkers routinely used
during rheumatological workup and potential IPAF biomarkers.
For this, 15 mL of venous blood will be drawn and divided into
2 parts (10 mL and 5 mL), and no anticoagulant will be added
to the samples.

The first sample (10 mL) will be sent to the local laboratory for
routine analysis of NT-proBNP and rheumatological factor (RF)
and for anti–cyclic citrullinated peptide (anti-CCP) and
antinuclear antibody (ANA) screening tests. In the case of the
confirmed presence of ANAs and the determination of a
fluorescence pattern (eg, homogenous, speckled, peripheral,
nucleolar), further tests will be ordered: anti–double-stranded
DNA (anti-dsDNA), anti-Smith (anti-SM), anti-SSA/Ro,
anti-SSB/La, anti–topoisomerase I (anti-Scl70), and
antiribonucleoprotein (anti-RNP) antibodies and
myositis-specific autoantibodies, such as anti–histidyl-tRNA
synthetase (anti-Jo1), anti–threonyl-tRNA synthetase (anti-PL7),
anti–alanyl-tRNA synthetase (anti-PL12), anti–Mi2 antigen
(anti-Mi2), anti–human exosome complex (anti-PmScl), and
anti–melanoma differentiation–associated 5 (anti-MDA5)
antibodies.

From the second sample of 5 mL, after clot formation,
approximately 2.5 mL of serum will be separated and then
divided into 5 portions of 0.5 mL each and placed in Eppendorf
tubes. The samples will be marked according to a system
allowing for patient anonymization: medical center symbol
(sample number - type of biological material - date of sample
collection, eg, A12-S_10/04/18). The samples will be stored at
–70°C. They will be then used for IPAF biomarkers’
identification. This includes testing for chemokine C-C motif
ligand 18 (CXCL18), surfactant protein (SP)-A, SP-D, Krebs
von den Lungen-6 protein (KL-6), and chitinase 1 (CHIT1).
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For genetic testing, 15 mL of full blood will be collected and
divided into 10 Eppendorf tubes containing 1.5 mL of blood
each. Samples will be marked according to the aforementioned
organizational pattern and stored at –80°C.

Fiberoptic Bronchoscopy With Bronchoalveolar Lavage
and Bronchial Mucosa Sampling
Before FOB, local anesthesia with lidocaine and conscious
sedation with midazolam and optionally fentanyl will be
performed according to detailed anesthesia protocols used in
the endoscopy units of the respective medical centers taking
part in the study. An intravenous cannula will be inserted prior
to the procedure. During the endoscopy, the patient will be
monitored according to safety protocols effective in the
respective endoscopy units.

Bronchoalveolar lavage fluid (BALF) will be obtained from
areas characterized by the greatest interstitial fibrosis
involvement on HRCT. If such an area cannot be distinguished,
BALF will be obtained from the middle lobe bronchus or the
lingula on the side (B4, B5). Localization will be chosen based
on HRCT results and will be recorded in the patients’ medical
files. Next, 200 mL of sterile 0.9% saline solution, previously
warmed to body temperature, will be inserted in parts through
a 25 mL syringe to perform BAL. For the test to be deemed
diagnostic, the protocol will target BALF salvage of at least
60%.

BAL will be performed according to the guidelines of the ERS
[8] and the practical guidelines of the Polish Respiratory Society
[9]. A differential cell count will be performed in every sample.
BALF samples will be processed by an experienced laboratory
technician based on Polish Respiratory Society guidelines [9].

Microscopic slide preparation, determination of cell viability,
and determination of the dominant population will be performed
according to standard laboratory procedures in the Polish
Respiratory Society guidelines. The whole-cell count and cell
viability will be measured in a sample derived from fluid that
has undergone filtration or the first centrifugation. Samples will
be prepared with the cytospin method (routinely 1200-2000
rpm for 10 minutes), and cellular smears will be assessed in
cytospin samples stained according to the
May-Grünwald-Giemsa method.

BALF samples will be secured for further tests, including testing
for potential IPAF biomarkers. Briefly, 15 mL of BALF will
be divided into 10 Eppendorf tubes containing 1.5 mL of BALF
each and stored at –70°C. Low-speed centrifugal supernatants
of BALF will be obtained from each sample. We will measure
the concentration of potential biomarkers in each sample using
the sandwich enzyme-linked immunosorbent assay (ELISA)
technique.

Next, 5 mucosa samples will be obtained from the middle lobe
bronchus for histopathological assessment later. Directly after
sample collection, they will be put into dry Eppendorf tubes
and frozen at –80°C. In addition, transbronchial lung cryobiopsy
may be used to obtain material for histopathological assessment.

The 6-Minute Walking Test
The submaximal exercise 6MWT, which entails the
measurement of the distance walked over a span of 6 minutes,
will be performed according to the detailed protocol used in the
respective medical centers. The blood pressure (BP), heart rate
(HR), and SpO2 will be measured directly before and after the
test. The following will be recorded: whether the patient
completed the test, the distance walked (m), SpO2, the SpO2

nadir, and dyspnea sensation measured with the Modified Borg
Scale and the Visual Analogue Scale (VAS). If the test is
stopped or paused before 6 minutes, the reason (eg, dyspnea,
high BP, cardiac arrythmia, limb pain, angina, or other) will be
recorded.

The 6MWT will be performed according to Polish Respiratory
Society guidelines [10]. Participants will be informed at
30-second intervals about the amount of time remaining. The
predicted distance will be calculated based on the equation
published in Polish Respiratory Society guidelines for the
interpretation of the 6MWT as the most accurate for participants’
characteristics [10].

Pulse oximetry will be performed for all patients. If SpO2<92%
or there are clinical indications for oxygen therapy, ABG
analysis will be performed. For ABG analysis, an artery (radial
or femoral) is punctured in order to take a sample of arterial
blood. The artery is then compressed in order to prevent
bleeding/hematoma. The procedure is performed according to
ERS guidelines [11].

Computed Tomography
HRCT of the lung will be performed during hospitalization. If
the patient provides a CT scan from up to 6 months prior to
recruitment (eg, from the outpatient clinic), we will analyze
both scans and the radiological descriptions. To ensure the
patient’s anonymity, a CD containing the patient’s scans will
be marked by the technician according to the aforementioned
pattern. Radiological analysis will be performed using the
OsiriXLite DICOM Viewer. The following densitometric values
will be measured: mean lung attenuation (MLA), kurtosis,
skewness, and deviation of lung radiodensity (SDIR). Statistical
analysis of the data will be performed using Statistica software.
Data will be presented as the median value and IQRs.
Differences between quantitative data will be analyzed using
the Kruskal-Wallis test and the post hoc Dunn test.

Transthoracic Echocardiography
TTE with a thorough right heart description will be performed.
The following parameters will be noted in the patient’s medical
file: main pulmonary artery diameter; acceleration time;
pulmonary valve peak velocity, tricuspid annular peak systolic
velocity (TAPSV), tricuspid annular plate systolic excursion
(TAPSE), and tricuspid valve peak regurgitation velocity; right
ventricular basal and right ventricular midcavity diameters;
right ventricular outflow tract and proximal and distal right
ventricular outflow; right atrial short- and long-axis, inferior
vena cava, and superior vena cava diameters; and right
ventricular wall thickness.
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Rheumatological consultation will be provided to patients with
IPAF and CTD-ILD to verify the diagnosis.

Choice of Candidate IPAF Biomarkers
KL-6 (mucin 1) is a glycoprotein encoded by the MUC1 gene
and is expressed on the outer surface of type II alveolar epithelial
cells and the airway epithelium. It has been proposed as a
biomarker of IPF [12]. KL-6 probably promotes fibroblasts’
migration, proliferation, and survival in the respiratory system
[12]. High serum KL-6 levels have been found in patients with
IPF, NSIP, and other ILDs [13-15], which is associated with an
aggressive clinical course and could also serve as a predictor
of acute exacerbation [16]. High KL-6 levels have also been
found in the BALF of individuals with various ILDs, including
IPF [17].

Another proposed ILD activity biomarker is CC-chemokine
ligand (CCL)18. In a population of patients with idiopathic ILD
and SSc, it was revealed that the BALF CCL18 level was
negatively correlated with the TLC and the DLCO and positively
correlated with BALF neutrophil and eosinophil cell counts.
During the follow-up period of ≥6 months, a negative correlation
was observed between the decrease in the predicted TLC and
the increase in serum CCL18 levels [18]. We hypothesize that
such correlation also exists in IPAF, and we will test the theory
that patients with IPAF with autoantibodies associated with SSc
(anti-PmScl) have higher serum or BALF CCL18 levels than
those who test negative for these autoantibodies.

Surfactant proteins SP-A and SP-D are large hydrophilic
molecules produced by Clara cells and type II alveolar epithelial
cells. SP-A and SP-D play an important role in innate immunity
and modulate the excessive inflammatory response on the
alveolar surface [19-21]. SP-A and SP-D levels are higher in
patients with IPAF than in healthy individuals, patients with
infectious pneumonia, or patients with nonfibrotic lung diseases
[22-24]. Moreover, serum SP-D levels are lower in the IIP
non-IPF group than in the IPAF group [22]. SP-A levels cannot
be used to differentiate between patients with IPAF and
CTD-ILD [24].

According to Xue et al [22], a negative correlation of serum
SP-A levels and the DLCO was revealed in the IIP group (which
included 27/69 patients with IPAF, although this subgroup was
not separately analyzed). A negative correlation was also
revealed with FEV1 and the FVC [22]. This conclusion was
partially confirmed by Wang et al [23], who revealed a negative
correlation between serum SP-A levels and changes in the
DLCO, FEV1, and FVC values after treatment. Additionally,
Wang et al [23] suggested a prognostic role of SP-A: the
pretreatment levels were found to be significantly lower than
the posttreatment ones in individuals with progressive fibrosis
during the course of IPAF. Moreover, a positive correlation was
found between shifts in KL-6 and SP-A levels [23]. In a
prospective study, Xue et al [24] observed a significant
difference in serum SP-A levels measured at baseline and after
1-year follow-up. In individuals whose condition had
exacerbated, SP-A levels were correlated with lung involvement
scores on HRCT [24].

These findings need to be validated in European populations.
There is a need to determine whether there is a correlation
between lung involvement and a decrease in pulmonary function
and SP-A/SP-D levels in the bodily fluids of patients with IPAF.

CHIT1 is a member of the glycosyl hydrolase family 18. It is
expressed predominantly in polarized and differentiated
macrophages and acts as an innate immune mediator digesting
cell walls of pathogens that contain chitin (eg, fungi). CHIT1,
due to its dysregulated activity, is a proposed marker in
granulomatous and fibrotic ILDs associated with interstitial
inflammation and lung tissue remodeling.

A study by Bargagli et al [25] revealed elevated CHIT1 activity
in the BALF of individuals with IPF in comparison with the
healthy control group; however, no significant differences in
the serum levels were noted. This suggests the role of CHIT1
expression in interstitial macrophages in tissue injury and
remodeling. We hypothesize that CHIT1 may play an important
role in the pathogenesis of other ILDs, including IPAF,
especially with a progressive fibrosing phenotype.

Lee et al [26] revealed that in 2 different cohorts of individuals
with SSc, CHIT1 activity and concentrations increased in the
serum and BALF compared to demographically matched healthy
controls. Individuals with SSc-ILD, in comparison with patients
without lung involvement, were characterized by higher CHIT1
serum activity, which was also correlated with disease severity.
The authors revealed that CHIT1 upregulates transforming
growth factor beta 1 (TGF-β1) receptor expression and its
signaling in fibroblasts, which makes CHIT1 a modulator of
progressive interstitial lung fibrosis [27].

These findings raise the question whether CHIT1 or TGF-β1
and their interaction could be a potential target for SSc
pharmacological therapy. As the etiopathogenesis of IPAF is
still obscure, we plan to analyze both circulatory and lung
activities of the enzyme to establish its potential role in the
disease pathogenesis.

S100A9, also referred to as myeloid-related protein 14 or
calgranulin B, is a member of the calcium-binding protein S100
family and is mostly expressed in neutrophils but also on
vascular endothelial cells and mature macrophages. S1009A
expression is enhanced by some chronic inflammatory factors
[28]. It acts as an immunomodulatory, proinflammatory, and
profibrotic agent [29]. It is mostly secreted in inflammatory
lesions [30], and it has been suggested as a potential target for
IPF treatment [31] and as a candidate biomarker to differentiate
between IPF and other fibrotic ILDs [32]. However, convincing
evidence from contemporary trials is yet scarce.

Elevated serum S100A9 levels have been reported in samples
obtained from patients with RA, SLE, SSc, vasculitis, lung
cancer, and various other diseases associated with chronic
inflammation [33-35]. It has also been demonstrated that
S1009A may promote atherosclerosis [36]. In an observational
study by Lin et al [37], it was revealed that S100A9 levels were
significantly elevated in BALF samples obtained from patients
with severe IPF. It has also been demonstrated that S100A9
levels in the BALF of patients with IPF are positively correlated
with the percentage of BALF neutrophils. This suggests a
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relationship between S1009A levels and disease activity. Some
studies have reported that BALF S100A9 levels are significantly
elevated in individuals with pulmonary involvement during the
course of SSc [38,39].

CCL2 is a protein that attracts T lymphocytes, natural killer
lymphocytes, and fibrocytes [40]. It is associated with
inflammatory processes, cell migration and activation, fibrosis,
and angiogenesis [41] through its 7-transmembrane-spanning
G-protein-coupled CC-chemokine receptor 2 [42]. CCL2 plays
a significant role in the pathogenesis of various diseases, such
as tuberculosis [43], asthma [44], and RA [45].

A connection was established between CCL2 polymorphism
and the occurrence of autoimmune disorders. The CCL2 gene
(–2518G/A) single-nucleotide polymorphism has been shown
to be associated with sarcoidosis [46]. Increased CCL2 levels
have been found in the serum and BALF of patients with IPF
[47]. In vitro and in vivo studies have revealed that CCL2 is
associated with fibrosis  by support ing
monocyte-/macrophage-mediated inflammation, angiogenesis,
collagen synthesis, myofibroblast cell differentiation, and
fibroblast activation [48].

It remains unclear whether the chemokine profile of serum and
BALF of individuals with IPAF, especially patients with
progressive fibrosis, resembles that of patients with IPF.

Data Collection
Data will be collected via questionnaires: the Leicester Cough
Questionnaire, St. George’s Respiratory Questionnaire, the
Fatigue Assessment Score and 36-item Short Form (SF-36) v.2
Quality of Life Questionnaire, the HADS-M, and the PHQ-9.
To help unify data and due to copyright reasons, surveys for
physicians will be set up on servers of the Medical University
of Silesia. All the aforementioned documents will be provided
to the patients in their native tongue and have been validated
in the Polish population.

Statistical Analysis
Statistical tests will be chosen due to variable distribution. To
verify the normality of variable distribution, the Shapiro-Wilk
test will be performed. To compare parameters between the 1
study and 2 control groups, ANOVA or the Kruskal-Wallis test
will be performed (for normal or nonnormal variable
distribution, respectively). To correlate the variables, Pearson
or Spearman correlation tests will be performed (for normal or
nonnormal variable distribution, respectively). To determine
the relationship between variables, the linear regression test
will be performed.

Results

Although the study was designed and Ethical Board Committee
approval granted in the past, we have experienced difficulties
in the phase of patient recruitment due to the outbreak of the
novel coronavirus.

It is worth noting that the majority of tests are routinely
performed in the diagnostic workup of patients with ILDs;
therefore, patients will not be subjected to additional risks.
Discomfort may be caused by the drawing of more blood

samples than usual; however, this will be reduced by the use of
vacuum blood collection systems.

This study will start recruiting patients to phase 1 in October
2023. The final results will be available in 2028. We plan to
publish preliminary results after 2-3 years from the start of phase
1.

Discussion

Summary
As IPAF is an exclusion diagnosis, we believe that in the era
of genetic testing advancements, genetic disorders manifesting
as ILDs should be considered as alternative etiologies. In our
study, the local bioethics committee granted permission to
perform genetic testing, and we plan to bank full blood, with
the intention to perform such procedures.

There have been clinical reports of individuals with signal
transducer and activator of transcription 3 (STAT3)
gain-of-function syndrome [49] or cytotoxic T cell antigen 4
(CTL-A4) checkpoint haploinsufficiency [50], which could
fulfill the 2015 criteria. Moreover, a newly discovered coatomer
protein complex subunit alpha (COPA) syndrome causes
progressive ILD [51]. The impaired COPA protein may
contribute to endoplasmic reticulum stress and therefore trigger
interferon signaling pathways and T cell–mediated inflammation
[51].

Newton et al [52] revealed that the leukocyte telomere length
is longer in individuals with IPAF and CTD-ILD than in those
with IPF. The telomere length correlates with lung function and
lung transplant outcomes in IPAF. Moreover, mucin 5B
(MUC5B) and Toll-interacting protein (TOLLIP)
polymorphisms are associated with both IPAF and IPF, which
suggests that these 2 clinical entities have similar genetic
backgrounds. Various polymorphisms are found in CTDs, such
as RA, SS, and SSc, but to date, there are no data on whether
the presence of these polymorphisms is associated with the
development of IPAF. Hopefully, an in-depth understanding of
molecular pathways could lead to the development of targeted
therapies.

A practical question we are going to face stems from the fact
that instructions for most ELISA kits that are available for
research use in our area only contain suggestions/guidelines for
serum dilution. Therefore, we will need to either predict the
levels of the aforementioned proteins in BALF or experiment
with dilution. As we are unsure how much time it will take to
recruit the adequate number of individuals, we plan to perform
a miniexperiment beforehand: First, we will test the serum
according to the manufacturer’s guidelines. If the standard 1:40
dilution does not lead to the detection of predicted
concentrations, we will check the 1:20 dilution, 1:5 dilution,
and undiluted samples. The next step will be testing BAL
samples. We will test 1:20 dilution samples, and again, if this
does not result in the detection of protein concentrations within
the range provided in the kit instruction, we will test the 1:5
dilution and undiluted specimens.
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The clinical stability of IPAF is an important subject, as the
development of mild extrapulmonary symptoms may be
overlooked. In our opinion, this specific population requires
above-average clinical vigilance due to the fact that
reclassification as definite CTD-ILD prompts a change in the
therapeutic approach based on ACR/EULAR guidelines. This
is why we plan to cooperate closely with rheumatologists
regarding assessment of the extrapulmonary manifestations of
autoimmunity. However, there is also a possibility that an entity
that had been initially classified as idiopathic ILD may later be
reclassified as IPAF. To test this hypothesis, we plan periodic
rheumatological revaluations of this subgroup, together with
retesting for ANAs (serological domain of IPAF).

Data on the progression of IPAF to CTDs are scarce and
conflicting. Scirè et al [53] reported that 42% of patients with
IPAF with antisynthetase antibody positivity were ultimately
reclassified as RA-ILD, PM/DM-ILD, or myositis-RA overlap
syndrome. Ito et al [54] also reported that 12.2% of individuals
meeting IPAF serological and morphological criteria were
diagnosed with CTD during a median follow-up period of 54
months. However, Chartrand et al [55] found that none of the
56 individuals with IPAF was rediagnosed over a follow-up
period of 48 months.

Another question is when to initiate treatment during the course
of IPAF. Before IPAF was defined, ILD with symptoms of
underlying autoimmune disorder but without extrapulmonary
manifestation could have been classified as IIP and therefore
have delayed treatment initiation. In our prospective
observational study, we will surely face a challenge in
identifying patients with IPAF who require early clinical
intervention. We hope that during the 60-month observation
period, we will be able to identify molecular, radiological, and
functional prognostic factors, which, in the future, will help lay
the foundation for IPAF therapy guidelines.

In a study on 412 patients with CTD-ILD or IPAF, Li et al [56]
analyzed the relationship between these 2 entities in order to
identify which individuals with IPAF should commence
treatment early. They concluded that based on similar yet milder
symptoms and ANA positivity, IPAF is in fact an early stage
of CTD-ILD and therefore treatment should commence early.
After immunosuppressive treatment, they reported an increase
in the FVC and DLCO in this population. The choice of
adequate pharmacotherapy is another clinical question that we
will face during prospective observation.

D’Silva et al [57] presented a case series of 50 patients from 2
centers who were treated with rituximab (RTX). The majority
experienced either clinical improvement or stability understood
as global assessment of performance in terms of oxygen
requirement, unplanned hospitalization due to respiratory
reasons, and 1-year survival, despite baseline differences
regarding age, comorbidities, and prior treatment history.

Although we do not plan a randomized controlled trial, in
prospective observation, we will face clinical decisions
regarding treatment implementation. We hypothesize that some
patients will have a history of treatment with systemic GCs or
cyclophosphamide (CYC), and we wonder whether the results
of studies on CTD-ILDs can be extrapolated to the IPAF

population. The use of CYC is associated with an increased risk
of malignancy, infections, and bone marrow suppression [58].

Some patients in this study had previously used mycophenolate
mofetil (MMF) or tacrolimus, which may have impacted their
performance on RTX. The implementation of RTX therapy,
especially in patients with refractory ILD, should be considered
due to its favorable safety profile [59]. We also hypothesize
that a usual interstitial pneumonia (UIP) radiological pattern,
which is associated with higher mortality in patients with IPAF
[60], may impact treatment efficacy.

We wonder whether studies on patients with RA-ILD who
generally have a UIP pattern may be extrapolated to this specific
IPAF population, and in prospective observation, we plan to
exteriorize 2 subpopulations (UIP-RA and UIP-IPAF) and
compare patients’ outcomes in terms of oxygen requirement,
PFT results, 6MWT performance, and 1-, 3-, and 5-year
survival.

We are looking forward to cooperating with rheumatologists
for multidisciplinary discussion.

Impact of Pilot Study Results on the Protocol
In our pilot study [7], we revealed a greater prevalence of
gastrointestinal reflux disease (GERD) in the CTD-ILD group
than in the IPAF and IIP groups. Data on the impact of GERD
on fibrosis pathogenesis are conflicting. There are data
suggesting that exposure of the interstitial tissue to a low pH
results in repeated lesions and, consequently, progressive
fibrosis. However, there are also data supporting a hypothesis
that GERD actually results from progressive fibrosis and a shift
in intrathoracic pressure due to altered anatomy. Therefore, we
decided to launch a substudy on patients with progressive
fibrosing ILD (PF-ILD), focusing on the impact of GERD on
the disease course. We will monitor 24-hour impedance-pH to
objectify GERD episodes and correlate them with symptoms.

In the pilot study [7], it was also revealed that BALF levels of
interleukin 8 (IL-8), CXCL1, and TGF-β1 were significantly
higher in the CTD-ILD group than in the IPAF and IIP groups.
We hope that the analysis of 240 subjects in this full-size study
will reveal more defined differences between study groups. We
plan to analyze subgroups (eg, RA-ILD or SSc-ILD) and
compare them with their IPAF counterparts (based on the
presence of clinical symptoms and specific autoantibodies). We
also plan to distinguish an IPAF subgroup associated with the
presence of antisynthetase autoantibodies and compare it with
the PM/DM-ILD subgroup in terms of clinical stability and
outcomes.

Our pilot study [7] also revealed that the BALF IL-8
concentration is associated with the presence of skin
teleangiectasias. IL-8 is a known proangiogenic factor. In this
full-size study, we plan to perform videocapillaroscopy to
stratify participants according to the Cutolo nailfold
capillaroscopy classification and measure the concentration of
proangiogenic cytokines in both serum and BALF. We will be
able to compare corresponding Cutolo subgroups of SSc-ILD
and IPAF and determine the impact of proangiogenic factors
on pathological angiogenesis.
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We also hypothesize that there will be significant intergroup
differences between the reported severity of cough and dyspnea
as well as psychological symptoms and their impact on various
aspects of the QoL.

Conclusion
This study will be a step toward a better understanding of IPAF
etiopathogenesis and outcomes.

Acknowledgments
This study will not receive any external funding.

Data Availability
Due to privacy reasons, anonymized data will be available upon request from the corresponding author.

Conflicts of Interest
None declared.

References

1. Fischer A, Antoniou KM, Brown KK, Cadranel J, Corte TJ, du Bois RM, et al. ERS/ATS Task Force on Undifferentiated
Forms of CTD-ILD. An official European Respiratory Society/American Thoracic Society research statement: interstitial
pneumonia with autoimmune features. Eur Respir J 2015 Oct 22;46(4):976-987 [FREE Full text] [doi:
10.1183/13993003.00150-2015] [Medline: 26160873]

2. American Thoracic Society; European Respiratory Society. American Thoracic Society/European Respiratory Society
International Multidisciplinary Consensus Classification of the Idiopathic Interstitial Pneumonias. This joint statement of
the American Thoracic Society (ATS), and the European Respiratory Society (ERS) was adopted by the ATS board of
directors, June 2001 and by the ERS Executive Committee, June 2001. Am J Respir Crit Care Med 2002 Jan
15;165(2):277-304 [doi: 10.1164/ajrccm.165.2.ats01] [Medline: 11790668]

3. Lederer DJ, Martinez FJ. Idiopathic Pulmonary Fibrosis. N Engl J Med 2018 May 10;378(19):1811-1823 [doi:
10.1056/nejmra1705751]

4. Jiwrajka N, Loizidis G, Patterson KC, Kreider ME, Johnson CR, Miller WT, et al. Identification and Prognosis of Patients
With Interstitial Pneumonia With Autoimmune Features. J Clin Rheumatol 2022 Jun 11;28(5):257-264 [doi:
10.1097/rhu.0000000000001847]

5. Nagy A, Nagy T, Kolonics-Farkas AM, Eszes N, Vincze K, Barczi E, et al. Autoimmune Progressive Fibrosing Interstitial
Lung Disease: Predictors of Fast Decline. Front Pharmacol 2021;12:778649 [FREE Full text] [doi:
10.3389/fphar.2021.778649] [Medline: 35002713]

6. Christensen OR, Hedegaard L, Rask MT, Clemensen J, Frostholm L, Rosendal M. Designing and Developing an eHealth
Program for Patients With Persistent Physical Symptoms: Usability Study. JMIR Hum Factors 2023 Feb 08;10:e42572
[FREE Full text] [doi: 10.2196/42572] [Medline: 36753312]

7. Rzepka-Wrona P, Skoczyński S, Barczyk A. Are There Differences in Inflammatory and Fibrotic Pathways between IPAF,
CTD-ILDs, and IIPs? A Single-Center Pilot Study. Int J Mol Sci 2022 Dec 02;23(23):15205-15205 [FREE Full text] [doi:
10.3390/ijms232315205] [Medline: 36499525]

8. Haslam P, Baughman R. Report of ERS Task Force: guidelines for measurement of acellular components and standardization
of BAL. Eur Respir J 1999 Aug;14(2):245-248 [FREE Full text] [doi: 10.1034/j.1399-3003.1999.14b01.x] [Medline:
10515395]

9. Chciałowski A, Chorostowska-Wynimko J, Fal A, Pawłowicz R, Domagała-Kulawik J. [Recommendation of the Polish
Respiratory Society for bronchoalveolar lavage (BAL) sampling, processing and analysis methods]. Pneumonol Alergol
Pol 2011;79(2):75-89 [FREE Full text] [Medline: 21351058]

10. Przybyłowski T, Tomalak W, Siergiejko Z, Jastrzębski D, Maskey-Warzęchowska M, Piorunek T, et al. Polish Respiratory
Society Guidelines for the Methodology and Interpretation of the 6 Minute Walk Test (6MWT). Advances in Respiratory
Medicine 2015 Jul 09;83(4):283-297 [doi: 10.5603/piap.2015.0048]

11. Steenbruggen I, Makonga J, van Dijk J. Arterial blood gases. Procedure video. European Respiratory Society. 2014 Feb
12. URL: https://www.ers-education.org/sdi/media/showMedia.aspx [accessed 2023-08-02]

12. Yokoyama A, Kondo K, Nakajima M, Matsushima T, Takahashi T, Nishimura M, et al. Prognostic value of circulating
KL-6 in idiopathic pulmonary fibrosis. Respirology 2006 Mar;11(2):164-168 [doi: 10.1111/j.1440-1843.2006.00834.x]
[Medline: 16548901]

13. Sakamoto K, Taniguchi H, Kondoh Y, Johkoh T, Sumikawa H, Kimura T, et al. Serum KL-6 in fibrotic NSIP: Correlations
with physiologic and radiologic parameters. Respir Med 2010 Jan;104(1):127-133 [FREE Full text] [doi:
10.1016/j.rmed.2009.08.011] [Medline: 19811899]

JMIR Res Protoc 2023 | vol. 12 | e44802 | p. 10https://www.researchprotocols.org/2023/1/e44802
(page number not for citation purposes)

Rzepka-Wrona et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://erj.ersjournals.com/cgi/pmidlookup?view=long&pmid=26160873
http://dx.doi.org/10.1183/13993003.00150-2015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26160873&dopt=Abstract
http://dx.doi.org/10.1164/ajrccm.165.2.ats01
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11790668&dopt=Abstract
http://dx.doi.org/10.1056/nejmra1705751
http://dx.doi.org/10.1097/rhu.0000000000001847
https://europepmc.org/abstract/MED/35002713
http://dx.doi.org/10.3389/fphar.2021.778649
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35002713&dopt=Abstract
https://humanfactors.jmir.org/2023//e42572/
http://dx.doi.org/10.2196/42572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36753312&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijms232315205
http://dx.doi.org/10.3390/ijms232315205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36499525&dopt=Abstract
http://erj.ersjournals.com/cgi/pmidlookup?view=long&pmid=10515395
http://dx.doi.org/10.1034/j.1399-3003.1999.14b01.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10515395&dopt=Abstract
http://czasopisma.viamedica.pl/pap/article/view/27675
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21351058&dopt=Abstract
http://dx.doi.org/10.5603/piap.2015.0048
https://www.ers-education.org/sdi/media/showMedia.aspx
http://dx.doi.org/10.1111/j.1440-1843.2006.00834.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16548901&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0954-6111(09)00282-0
http://dx.doi.org/10.1016/j.rmed.2009.08.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19811899&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


14. Bonella F, Long X, Ohshimo S, Horimasu Y, Griese M, Guzman J, et al. MUC1 gene polymorphisms are associated with
serum KL-6 levels and pulmonary dysfunction in pulmonary alveolar proteinosis. Orphanet J Rare Dis 2016 Apr 23;11:48
[FREE Full text] [doi: 10.1186/s13023-016-0430-2] [Medline: 27108412]

15. Bonella F, Volpe A, Caramaschi P, Nava C, Ferrari P, Schenk K, et al. Surfactant protein D and KL-6 serum levels in
systemic sclerosis: correlation with lung and systemic involvement. Sarcoidosis Vasc Diffuse Lung Dis 2011 Jul;28(1):27-33
[Medline: 21796888]

16. Ohshimo S, Ishikawa N, Horimasu Y, Hattori N, Hirohashi N, Tanigawa K, et al. Baseline KL-6 predicts increased risk
for acute exacerbation of idiopathic pulmonary fibrosis. Respir Med 2014 Jul;108(7):1031-1039 [FREE Full text] [doi:
10.1016/j.rmed.2014.04.009] [Medline: 24835074]

17. Zhu Y, Zhao YB, Kong LF, Li ZH, Kang J. [The expression and clinical role of KL-6 in serum and BALF of patients with
different diffuse interstitial lung diseases]. Zhonghua Jie He He Hu Xi Za Zhi 2016 Feb;39(2):93-97 [doi:
10.3760/cma.j.issn.1001-0939.2016.02.004] [Medline: 26879611]

18. Prasse A, Pechkovsky DV, Toews GB, Schäfer M, Eggeling S, Ludwig C, et al. CCL18 as an indicator of pulmonary fibrotic
activity in idiopathic interstitial pneumonias and systemic sclerosis. Arthritis Rheum 2007 May;56(5):1685-1693 [FREE
Full text] [doi: 10.1002/art.22559] [Medline: 17469163]

19. Barlo NP, van Moorsel CHM, Ruven HJT, Zanen P, van den Bosch JMM, Grutters JC. Surfactant protein-D predicts survival
in patients with idiopathic pulmonary fibrosis. Sarcoidosis Vasc Diffuse Lung Dis 2009 Jul;26(2):155-161 [Medline:
20560296]

20. Maher TM, Oballa E, Simpson JK, Porte J, Habgood A, Fahy WA, et al. An epithelial biomarker signature for idiopathic
pulmonary fibrosis: an analysis from the multicentre PROFILE cohort study. The Lancet Respiratory Medicine 2017 Dec
12;5(12):946-955 [doi: 10.1016/s2213-2600(17)30430-7]

21. Kinder BW, Brown KK, McCormack FX, Ix JH, Kervitsky A, Schwarz MI, et al. Serum surfactant protein-A is a strong
predictor of early mortality in idiopathic pulmonary fibrosis. Chest 2009 Jun;135(6):1557-1563 [FREE Full text] [doi:
10.1378/chest.08-2209] [Medline: 19255294]

22. Xue M, Guo Z, Cai C, Sun B, Wang H. Evaluation of the Diagnostic Efficacies of Serological Markers KL-6, SP-A, SP-D,
CCL2, and CXCL13 in Idiopathic Interstitial Pneumonia. Respiration 2019;98(6):534-545 [doi: 10.1159/000503689]
[Medline: 31665737]

23. Wang J, Zheng P, Huang Z, Huang H, Xue M, Liao C, et al. Serum SP-A and KL-6 levels can predict the improvement
and deterioration of patients with interstitial pneumonia with autoimmune features. BMC Pulm Med 2020 Dec 02;20(1):315
[FREE Full text] [doi: 10.1186/s12890-020-01336-y] [Medline: 33267857]

24. Xue M, Cai C, Zeng Y, Xu Y, Chen H, Hu H, et al. Krebs von den Lungen-6 and surfactant protein-A in interstitial pneumonia
with autoimmune features. Medicine (Baltimore) 2021 Jan 29;100(4):e24260 [FREE Full text] [doi:
10.1097/MD.0000000000024260] [Medline: 33530214]

25. Bargagli E, Margollicci M, Perrone A, Luddi A, Perari MG, Bianchi N, et al. Chitotriosidase analysis in bronchoalveolar
lavage of patients with sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis 2007 Mar;24(1):59-64 [doi:
10.1007/s11083-007-9059-z] [Medline: 18069420]

26. Lee CG, Herzog EL, Ahangari F, Zhou Y, Gulati M, Lee C, et al. Chitinase 1 is a biomarker for and therapeutic target in
scleroderma-associated interstitial lung disease that augments TGF-β1 signaling. J Immunol 2012 Sep 01;189(5):2635-2644
[FREE Full text] [doi: 10.4049/jimmunol.1201115] [Medline: 22826322]

27. Lee C, Park JW, Cho W, Zhou Y, Han B, Yoon PO, et al. Modifiers of TGF-β1 effector function as novel therapeutic
targets of pulmonary fibrosis. Korean J Intern Med 2014 May;29(3):281-290 [FREE Full text] [doi:
10.3904/kjim.2014.29.3.281] [Medline: 24851060]

28. Choi D, Li ZJ, Chang I, Yeo M, Kim J, Sohn K, et al. Clinicopathological roles of S100A8 and S100A9 in cutaneous
squamous cell carcinoma in vivo and in vitro. Arch Dermatol Res 2014 Jul;306(5):489-496 [doi: 10.1007/s00403-014-1453-y]
[Medline: 24550082]

29. Stenström M, Nyhlén HC, Törngren M, Liberg D, Sparre B, Tuvesson H, et al. Paquinimod reduces skin fibrosis in tight
skin 1 mice, an experimental model of systemic sclerosis. J Dermatol Sci 2016 Jul;83(1):52-59 [FREE Full text] [doi:
10.1016/j.jdermsci.2016.04.006] [Medline: 27156795]

30. Xu X, Chen Z, Zhu X, Wang D, Liang J, Zhao C, et al. S100A9 aggravates bleomycin-induced dermal fibrosis in mice via
activation of ERK1/2 MAPK and NF-κB pathways. Iran J Basic Med Sci 2018 Feb;21(2):194-201 [FREE Full text] [doi:
10.22038/IJBMS.2018.19987.5255] [Medline: 29456817]

31. Araki K, Kinoshita R, Tomonobu N, Gohara Y, Tomida S, Takahashi Y, et al. The heterodimer S100A8/A9 is a potent
therapeutic target for idiopathic pulmonary fibrosis. J Mol Med (Berl) 2021 Jan;99(1):131-145 [FREE Full text] [doi:
10.1007/s00109-020-02001-x] [Medline: 33169236]

32. Korthagen NM, Nagtegaal MM, van Moorsel CHM, Kazemier KM, van den Bosch JMM, Grutters JC. MRP14 is elevated
in the bronchoalveolar lavage fluid of fibrosing interstitial lung diseases. Clin Exp Immunol 2010 Aug;161(2):342-347
[FREE Full text] [doi: 10.1111/j.1365-2249.2010.04181.x] [Medline: 20550547]

33. Jarlborg M, Courvoisier DS, Lamacchia C, Martinez Prat L, Mahler M, Bentow C, et al. physicians of the Swiss Clinical
Quality Management (SCQM) registry. Serum calprotectin: a promising biomarker in rheumatoid arthritis and axial

JMIR Res Protoc 2023 | vol. 12 | e44802 | p. 11https://www.researchprotocols.org/2023/1/e44802
(page number not for citation purposes)

Rzepka-Wrona et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://ojrd.biomedcentral.com/articles/10.1186/s13023-016-0430-2
http://dx.doi.org/10.1186/s13023-016-0430-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27108412&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21796888&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0954-6111(14)00154-1
http://dx.doi.org/10.1016/j.rmed.2014.04.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24835074&dopt=Abstract
http://dx.doi.org/10.3760/cma.j.issn.1001-0939.2016.02.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26879611&dopt=Abstract
http://hdl.handle.net/2027.42/56037
http://hdl.handle.net/2027.42/56037
http://dx.doi.org/10.1002/art.22559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17469163&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20560296&dopt=Abstract
http://dx.doi.org/10.1016/s2213-2600(17)30430-7
https://europepmc.org/abstract/MED/19255294
http://dx.doi.org/10.1378/chest.08-2209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19255294&dopt=Abstract
http://dx.doi.org/10.1159/000503689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31665737&dopt=Abstract
https://bmcpulmmed.biomedcentral.com/articles/10.1186/s12890-020-01336-y
http://dx.doi.org/10.1186/s12890-020-01336-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33267857&dopt=Abstract
https://europepmc.org/abstract/MED/33530214
http://dx.doi.org/10.1097/MD.0000000000024260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33530214&dopt=Abstract
http://dx.doi.org/10.1007/s11083-007-9059-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18069420&dopt=Abstract
https://europepmc.org/abstract/MED/22826322
http://dx.doi.org/10.4049/jimmunol.1201115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22826322&dopt=Abstract
https://europepmc.org/abstract/MED/24851060
http://dx.doi.org/10.3904/kjim.2014.29.3.281
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24851060&dopt=Abstract
http://dx.doi.org/10.1007/s00403-014-1453-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24550082&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0923-1811(16)30061-5
http://dx.doi.org/10.1016/j.jdermsci.2016.04.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27156795&dopt=Abstract
https://europepmc.org/abstract/MED/29456817
http://dx.doi.org/10.22038/IJBMS.2018.19987.5255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29456817&dopt=Abstract
https://ousar.lib.okayama-u.ac.jp/62918
http://dx.doi.org/10.1007/s00109-020-02001-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33169236&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2249.2010.04181.x
http://dx.doi.org/10.1111/j.1365-2249.2010.04181.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20550547&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


spondyloarthritis. Arthritis Res Ther 2020 May 06;22(1):105 [FREE Full text] [doi: 10.1186/s13075-020-02190-3] [Medline:
32375861]

34. Donohue S, Midgley A, Davies J, Wright R, Bruce I, Beresford M, et al. UK jSLE Cohort StudyRepository. Differential
analysis of serum and urine S100 proteins in juvenile-onset systemic lupus erythematosus (jSLE). Clin Immunol 2020
May;214:108375 [doi: 10.1016/j.clim.2020.108375] [Medline: 32135275]

35. Wang T, Du G, Wang D. The S100 protein family in lung cancer. Clin Chim Acta 2021 Sep;520:67-70 [doi:
10.1016/j.cca.2021.05.028] [Medline: 34089725]

36. Kang KY, Woo J, Park S. S100A8/A9 as a biomarker for synovial inflammation and joint damage in patients with rheumatoid
arthritis. Korean J Intern Med 2014 Jan;29(1):12-19 [FREE Full text] [doi: 10.3904/kjim.2014.29.1.12] [Medline: 24574827]

37. Lin L, Zhao Y, Li Z, Li Y, Wang W, Kang J, et al. Expression of S100A9 and KL-6 in common interstitial lung diseases.
Medicine (Baltimore) 2022 Apr 29;101(17):e29198 [FREE Full text] [doi: 10.1097/MD.0000000000029198] [Medline:
35512076]

38. Tan FK, Zhou X, Mayes MD, Gourh P, Guo X, Marcum C, et al. Signatures of differentially regulated interferon gene
expression and vasculotrophism in the peripheral blood cells of systemic sclerosis patients. Rheumatology (Oxford) 2006
Jun;45(6):694-702 [doi: 10.1093/rheumatology/kei244] [Medline: 16418202]

39. Giusti L, Bazzichi L, Baldini C, Ciregia F, Mascia G, Giannaccini G, et al. Specific proteins identified in whole saliva from
patients with diffuse systemic sclerosis. J Rheumatol 2007 Oct;34(10):2063-2069 [Medline: 17722226]

40. Moore BB, Kolodsick JE, Thannickal VJ, Cooke K, Moore TA, Hogaboam C, et al. CCR2-Mediated Recruitment of
Fibrocytes to the Alveolar Space after Fibrotic Injury. The American Journal of Pathology 2005 Mar 23;166(3):675-684
[doi: 10.1016/s0002-9440(10)62289-4]

41. Rose C, Sung S, Fu S. Significant Involvement of CCL2 (MCP-1) in Inflammatory Disorders of the Lung. Microcirculation
2003 Jan 18;10(3-4):273-288 [doi: 10.1080/mic.10.3-4.273.288]

42. Hutchings CJ, Koglin M, Marshall FH. Therapeutic antibodies directed at G protein-coupled receptors. MAbs
2010;2(6):594-606 [FREE Full text] [doi: 10.4161/mabs.2.6.13420] [Medline: 20864805]

43. Flores-Villanueva PO, Ruiz-Morales JA, Song CH, Flores LM, Jo EK, Montaño M, et al. A functional promoter polymorphism
in monocyte chemoattractant protein-1 is associated with increased susceptibility to pulmonary tuberculosis. J Exp Med
2005 Dec 19;202(12):1649-1658 [FREE Full text] [doi: 10.1084/jem.20050126] [Medline: 16352737]

44. Ip WK, Wong CK, Lam CWK. Interleukin (IL)-4 and IL-13 up-regulate monocyte chemoattractant protein-1 expression
in human bronchial epithelial cells: involvement of p38 mitogen-activated protein kinase, extracellular signal-regulated
kinase 1/2 and Janus kinase-2 but not c-Jun NH2-terminal kinase 1/2 signalling pathways. Clin Exp Immunol 2006
Jul;145(1):162-172 [FREE Full text] [doi: 10.1111/j.1365-2249.2006.03085.x] [Medline: 16792687]

45. Rantapää-Dahlqvist S, Boman K, Tarkowski A, Hallmans G. Up regulation of monocyte chemoattractant protein-1 expression
in anti-citrulline antibody and immunoglobulin M rheumatoid factor positive subjects precedes onset of inflammatory
response and development of overt rheumatoid arthritis. Ann Rheum Dis 2007 Jan;66(1):121-123 [FREE Full text] [doi:
10.1136/ard.2006.057331] [Medline: 16740681]

46. Navratilova Z, Mrazek F, Kriegova E, Hutyrova B, Kolek V, du Bois RM, et al. The MCP-1-2518 (A to G) single nucleotide
polymorphism in Czech patients with pulmonary sarcoidosis: association with Löfgren's syndrome. Sarcoidosis Vasc Diffuse
Lung Dis 2007 Mar;24(1):33-38 [Medline: 18069417]

47. Suga M, Iyonaga K, Ichiyasu H, Saita N, Yamasaki H, Ando M. Clinical significance of MCP-1 levels in BALF and serum
in patients with interstitial lung diseases. Eur Respir J 1999 Aug;14(2):376-382 [FREE Full text] [doi:
10.1034/j.1399-3003.1999.14b23.x] [Medline: 10515417]

48. Moore BB, Murray L, Das A, Wilke CA, Herrygers AB, Toews GB. The Role of CCL12 in the Recruitment of Fibrocytes
and Lung Fibrosis. Am J Respir Cell Mol Biol 2006 Aug 30;35(2):175-181 [doi: 10.1165/rcmb.2005-0239oc]

49. Fabre A, Marchal S, Barlogis V, Mari B, Barbry P, Rohrlich P, et al. Clinical Aspects of STAT3 Gain-of-Function Germline
Mutations: A Systematic Review. J Allergy Clin Immunol Pract 2019;7(6):1958-1969.e9 [doi: 10.1016/j.jaip.2019.02.018]
[Medline: 30825606]

50. Lo J, Fritz JM, Su HC, Uzel G, Jordan MB, Lenardo MJ. CHAI and LATAIE: new genetic diseases of CTLA-4 checkpoint
insufficiency. Blood 2016 Aug 25;128(8):1037-1042 [FREE Full text] [doi: 10.1182/blood-2016-04-712612] [Medline:
27418640]

51. Watkin LB, Jessen B, Wiszniewski W, Vece TJ, Jan M, Sha Y, Baylor-Hopkins Center for Mendelian Genomics; et al.
COPA mutations impair ER-Golgi transport and cause hereditary autoimmune-mediated lung disease and arthritis. Nat
Genet 2015 Jun 20;47(6):654-660 [FREE Full text] [doi: 10.1038/ng.3279] [Medline: 25894502]

52. Newton CA, Oldham JM, Ley B, Anand V, Adegunsoye A, Liu G, et al. Telomere length and genetic variant associations
with interstitial lung disease progression and survival. Eur Respir J 2019 Apr;53(4):1801641-1801641 [FREE Full text]
[doi: 10.1183/13993003.01641-2018] [Medline: 30635297]

53. Scirè CA, Gonzalez-Gay MA, Selva-O'Callaghan A, Cavagna L. Clinical spectrum time course of interstitial pneumonia
with autoimmune features in patients positive for antisynthetase antibodies. Respir Med 2017 Nov;132:265-266 [FREE
Full text] [doi: 10.1016/j.rmed.2017.03.028] [Medline: 28385573]

JMIR Res Protoc 2023 | vol. 12 | e44802 | p. 12https://www.researchprotocols.org/2023/1/e44802
(page number not for citation purposes)

Rzepka-Wrona et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://arthritis-research.biomedcentral.com/articles/10.1186/s13075-020-02190-3
http://dx.doi.org/10.1186/s13075-020-02190-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32375861&dopt=Abstract
http://dx.doi.org/10.1016/j.clim.2020.108375
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32135275&dopt=Abstract
http://dx.doi.org/10.1016/j.cca.2021.05.028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34089725&dopt=Abstract
https://europepmc.org/abstract/MED/24574827
http://dx.doi.org/10.3904/kjim.2014.29.1.12
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24574827&dopt=Abstract
https://europepmc.org/abstract/MED/35512076
http://dx.doi.org/10.1097/MD.0000000000029198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35512076&dopt=Abstract
http://dx.doi.org/10.1093/rheumatology/kei244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16418202&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17722226&dopt=Abstract
http://dx.doi.org/10.1016/s0002-9440(10)62289-4
http://dx.doi.org/10.1080/mic.10.3-4.273.288
https://europepmc.org/abstract/MED/20864805
http://dx.doi.org/10.4161/mabs.2.6.13420
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20864805&dopt=Abstract
https://europepmc.org/abstract/MED/16352737
http://dx.doi.org/10.1084/jem.20050126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16352737&dopt=Abstract
https://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=0009-9104&date=2006&volume=145&issue=1&spage=162
http://dx.doi.org/10.1111/j.1365-2249.2006.03085.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16792687&dopt=Abstract
https://europepmc.org/abstract/MED/16740681
http://dx.doi.org/10.1136/ard.2006.057331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16740681&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18069417&dopt=Abstract
http://erj.ersjournals.com/cgi/pmidlookup?view=long&pmid=10515417
http://dx.doi.org/10.1034/j.1399-3003.1999.14b23.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10515417&dopt=Abstract
http://dx.doi.org/10.1165/rcmb.2005-0239oc
http://dx.doi.org/10.1016/j.jaip.2019.02.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30825606&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0006-4971(20)34206-3
http://dx.doi.org/10.1182/blood-2016-04-712612
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27418640&dopt=Abstract
https://europepmc.org/abstract/MED/25894502
http://dx.doi.org/10.1038/ng.3279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25894502&dopt=Abstract
http://erj.ersjournals.com/cgi/pmidlookup?view=long&pmid=30635297
http://dx.doi.org/10.1183/13993003.01641-2018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30635297&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0954-6111(17)30100-2
https://linkinghub.elsevier.com/retrieve/pii/S0954-6111(17)30100-2
http://dx.doi.org/10.1016/j.rmed.2017.03.028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28385573&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


54. Ito Y, Arita M, Kumagai S, Takei R, Noyama M, Tokioka F, et al. Serological and morphological prognostic factors in
patients with interstitial pneumonia with autoimmune features. BMC Pulm Med 2017 Aug 14;17(1):111 [FREE Full text]
[doi: 10.1186/s12890-017-0453-z] [Medline: 28807021]

55. Chartrand S, Swigris JJ, Stanchev L, Lee JS, Brown KK, Fischer A. Clinical features and natural history of interstitial
pneumonia with autoimmune features: A single center experience. Respir Med 2016 Oct;119:150-154 [FREE Full text]
[doi: 10.1016/j.rmed.2016.09.002] [Medline: 27692137]

56. Li Y, Zheng Z, Han Q, Li Z, Xie R, Zhang R, et al. IPAF should receive early treatment for sharing similar clinical
characteristics as CTD-ILD: a report from 273 Chinese patients. Clin Rheumatol 2020 Dec;39(12):3817-3823 [doi:
10.1007/s10067-020-05149-6] [Medline: 32447599]

57. D'Silva KM, Ventura IB, Bolster MB, Castelino FV, Sharma A, Little BP, et al. Rituximab for interstitial pneumonia with
autoimmune features at two medical centres. Rheumatol Adv Pract 2021 Nov;5(Suppl 2):ii1-ii9 [FREE Full text] [doi:
10.1093/rap/rkab051] [Medline: 34755024]

58. Tashkin DP, Elashoff R, Clements PJ, Goldin J, Roth MD, Furst DE, et al. Scleroderma Lung Study Research Group.
Cyclophosphamide versus placebo in scleroderma lung disease. N Engl J Med 2006 Jun 22;354(25):2655-2666 [doi:
10.1056/NEJMoa055120] [Medline: 16790698]

59. Salliot C, Dougados M, Gossec L. Risk of serious infections during rituximab, abatacept and anakinra treatments for
rheumatoid arthritis: meta-analyses of randomised placebo-controlled trials. Ann Rheum Dis 2009 Jan;68(1):25-32 [FREE
Full text] [doi: 10.1136/ard.2007.083188] [Medline: 18203761]

60. Kamiya H, Panlaqui OM. Systematic review and meta-analysis of the prognosis and prognostic factors of interstitial
pneumonia with autoimmune features. BMJ Open 2019 Dec 11;9(12):e031444 [FREE Full text] [doi:
10.1136/bmjopen-2019-031444] [Medline: 31831537]

Abbreviations
6MWT: 6-minute walking test
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ACR: American College of Rheumatology
ANA: antinuclear antibody
anti-SSA: anti–Sjögren’s syndrome–related antigen A
ATS: American Thoracic Society
BAL: bronchoalveolar lavage
BALF: bronchoalveolar lavage fluid
CBG: capillary blood gas
CCL: CC-chemokine ligand
COP: cryptogenic organizing pneumonia
COPA: coatomer protein complex subunit alpha
CT: computed tomography
CTD-ILD: connective tissue disease–associated interstitial lung disease
DLCO: diffusion capacity for carbon monoxide
DM: dermatomyositis
ERS: European Respiratory Society
ELISA: enzyme-linked immunosorbent assay
EULAR: European League Against Rheumatism
FEV1: forced expiratory volume in 1 second
FOB: fiberoptic bronchoscopy
FVC: forced vital capacity
GERD: gastrointestinal reflux disease
HADS-M: Hospital Anxiety and Depression Modified Scale
HRCT: high-resolution computed tomography
IIP: idiopathic interstitial pneumonia
ILD: interstitial lung disease
IPAF: interstitial pneumonia with autoimmune features
IPF: idiopathic pulmonary fibrosis
LIP: lymphocytic interstitial pneumonia
MCTD: mixed connective tissue disease
NSIP: nonspecific interstitial pneumonia
PFT: pulmonary function test
PHQ-9: 9-item Patient Health Questionnaire
PM: polymyositis
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QoL: quality of life
RA: rheumatoid arthritis
RB-ILD: respiratory bronchiolitis–associated interstitial lung disease
RTX: rituximab
SpO2: oxygen saturation
SS: Sjögren’s syndrome
SLE: systemic lupus erythematosus
SSc: systemic sclerosis
TGF-β1: transforming growth factor beta 1
TLC: total lung capacity
TTE: transthoracic echocardiography
VC: vital capacity
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