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Interstitial lung diseases (ILDs) that are known as diffuse parenchymal lung diseases (DPLDs) lead to the damage of
alveolar epithelium and lung parenchyma, culminating in complex inflammatory and proliferative mechanisms leading to
fibrosis. ILDs that account for more than 200 different pathologies basically grouped into those that have a known cause
and those where the cause is unknown, namely the idiopathic interstitial pneumonia (11P).
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| 1. Introduction

Interstitial lung diseases (ILDs) are a heterogeneous group of pathologies that affect the lung parenchyma with wide
inflammation and diffuse fibrosis . Fibrotic ILDs cause the onset of progressive symptoms in patients that culminate in
the decline of lung functions and often respiratory failure, which translates to a poor quality of life for patients. Interstitial
lung diseases are a broad spectrum of lung pathologies that can be divided into two groups: ILDs with a known cause and
ILDs without a known cause that give rise to the idiopathic form of pulmonary fibrosis 2l Furthermore, the possible
causes of the ILDs identified are represented by systemic diseases such as connective tissue disease BB or
environmental exposure to pneumotoxic drugs &, radiation therapy 8, occupational exposures (e.g., asbestosis) @ or
allergens in the case of hypersensitivity pneumonitis . The discrimination among different ILDs that present
hetherogeneous inflammatory and fibrotic patterns even among patients with the same disease is critical for a more
predictable prognosis and a more efficient management of the patients. Among ILDs, idiopathic pulmonary fibrosis (IPF) is
the most common and severe, and for this reason the distinction between IPF and non-IPF ILDs is important given the
poor prognosis in IPF compared to other fibrosing ILDs . Idiopathic pulmonary fibrosis represents the most common
form of idiopathic interstitial pneumonia (IIP) and is characterized by the progressive remodeling of the lung parenchyma
structure, which exaggerates extracellular matrix deposition and irreversible scarring. IPF occurs primarily in older adults,
with a median survival of 3 years after diagnosis, and it is diagnosed by clinicopathological criteria, including the
radiographic and/or histological hallmark pattern of usual interstitial pneumonia (UIP) 19, Prognosis remains extremely
poor, since most patients die for progressive respiratory failure, often precipitated by acute events, namely, disease
exacerbations 1. Indeed, since the natural history and the course of the disease is variable among patients, the
prognosis could be quite unpredictable 2. Despite the recent introduction of the two antifibrotic drugs, namely,
pirfenidone and nintedanib, that can slow down the respiratory functional decline of IPF patients according to both the
real-word data and randomized controlled trials, such as CAPACITY and ASCEND, where they improved survival in
patients, IPF still has a high mortality rate and survival times are quite heterogenous BIlL3II14II15] Besides the IPF, the IIPs
include the non-specific interstitial pneumonia (NSIP), which is an interstitial lung disease that may be both idiopathic and
secondary to connective tissue disease, toxins or other causes 1€, cryptogenic organizing pneumonia (COP), also known
as bronchiolitis obliterans organizing pneumonia (BOOP), that has been hypothesized to be secondary to alveolar
epithelial injury due to an unknown insult, acute interstitial pneumonia (AIP) that is an extremely severe idiopathic acute
interstitial disease 12, desquamative interstitial pneumonia (DIP), which is strongly associated with smoking, respiratory
bronchiolitis-associated interstitial lung disease (RB-ILD), characterized by the combination of interstitial disease and
respiratory bronchiolitis, and lymphocytic interstitial pneumonia (LIP) that in the majority of patients is associated with
systemic autoimmune or immunodeficiency disorders, including connective tissue diseases, or in rare cases can be
idiopathic 8. The most updated version of the guidelines concerning the IIPs from the American Thoracic
Society/European Respiratory Society (2013) 19! introduced some changes regarding the classification of these diseases
compared to the original classification (2002) 2. In particular, the 1IPs are divided into four main groups (chronic
fibrosing, smoking-related, acute/subacute, and rare) with the addition of a new disease: idiopathic pleuro parenchymal
fibroelastosis (. Most of the ILDs have unknown etiology while there are a group of ILDs related/due to occupational and
environmental exposure [21[22123] Although the majority of the ILDs can have unknown etiology, different works suggest
that environmental factors could represent a risk factor in ILDs such as IPF since they may increase the probability of
developing the disease in genetically susceptible individuals. In particular, according to the current integral model, the



fibrotic pathway in IPF patients is activated by recurrent alveolar epithelium injury (e.g., environmental risks) that, together
with compromised repair mechanisms of alveolar epithelium, leads to the initiation, development and progression of the
disease [24125](26] Thys, the alveolar epithelial cells (AECs) are unable to properly respond to repetitive injuries, resulting
in the loss of epithelial integrity that, together with the secretion of pro-fibrotic factors, represents the initial crucial
mechanism of IPF development promoting fibroblast migration, proliferation, activation and differentiation into
myofibroblasts with deposition of Extracellular Matrix (ECM) and the following distortion of the lung architecture. From a
macroscopic point of view, these processes cause an increase in the stiffness of the pulmonary parenchyma, leading to
the impairment of gas exchange in the alveolar district. Since the epithelial cells represent the initiator of the pulmonary
fibrosis and the myofibroblasts are the key effector cells that orchestrate the progression of the disease, several recent
studies aiming to clarify the molecular mechanism behind the IPF progression are focused on the identification of the
cellular origin of myofibroblast. Initially, different works connected the cellular identity for the myofibroblasts origin to
resident lung fibroblasts able to directly differentiate into myofibroblasts under profibrotic stimuli 24, epithelial cells
undergoing mesenchymal transition, namely, epithelia—mesenchymal transition (EMT) 2822 hone marrow (BM)-derived
cells as circulating fibrocytes B9 and pericytes BUBE2, | ately, the contribution of the epithelial cells through the EMT and
the circulating fibrocytes have been objects of several debates 23341 to such an extent that they are not considered to be
cells giving rise to myofibroblasts. To date, given the results obtained from cell-lineage tracing experiments using reporter
mouse models, four different cellular types have been demonstrated to acquire the myofibroblastic phenotype B2l. Among
them, we found the following: interstitial lung fibroblasts localized in the interstitium immediately adjacent to alveolar
epithelial cells 3], lipofibroblasts located near the AECs are lipid-droplet-containing interstitial fibroblasts B2, pericytes
within the capillary basement membrane 28], mesothelial cells from pleural-mesothelium that line the visceral and parietal
pleural surfaces B4, and resident lung mesenchymal progenitors, whose contribution in the myofibroblast-differentiating
process seems prevalent 8. Since it has been demonstrated that non-IPF ILD may display a progressive phenotype as
IPF, opening the possibility to explore the use of antifibrotic drugs for the non-IPF patients, and given the positive
outcomes from this, we could speculate that different ILDs may share a similar molecular mechanism that culminates in
the fibrogenic phenotype 220, |ndeed, since the interstitial lung disease can include rare, heterogeneous and poorly
understood diseases, their classification, the identification of the different subtypes, an accurate diagnosis and the
prediction of disease progression could be challenging for the clinicians 1],

| 2. Diagnosis and Histopathological Pattern of lIPs

From a diagnostic point of view, IPF is histologically identified by as usual interstitial pneumonia pattern (UIP) 42,
characterized by a heterogenous phenotype with the presence of fibroblastic foci areas interspersed both with an area
where the parenchymal lung is mostly preserved and with an area of inflammation and honeycombing. The High-
resolution computed tomography (HCRT) of IPF patients shows a peripheral, subpleural and basal pattern of distribution
characterized by reticular opacities, honeycombing, minimal ground-glass opacity and architectural distortion . Indeed,
the updated version of the American Thoracic Society/European Respiratory Society (ATS/ERS) 19 in 2018 stated an
additional recommendation for a multidisciplinary discussion for diagnostic decision making. It occurs that in some cases
of interstitial lung disease where there is clinical suspicion of IPF, the HCRT pattern might suggest an alternative
diagnosis. Among such cases, nonspecific interstitial pneumonia (NSIP) represents the second most common type of IIP
after IPF, accounting for 25% of IIP cases 43, Furthermore, non-specific interstitial pneumonia (NSIP) can be either
idiopathic or associated with connective tissue diseases (e.g., scleroderma), hypersensitivity pneumonia, drug reactions,
or diffuse alveolar damage (DAD) and affects more often women ranging from 40 to 50 years of age 23l The histological
pattern of NSIP is characterized by the homogeneous inflammation and expansion of alveolar walls; there are three
different subtypes depending on the pattern distribution—cellular, fibrotic and mixed—that are related to different
prognoses, where the fibrotic is the representative for the worst prognosis. The HCRT of NSIP patients shows both
similarity with IPF patients and peculiar findings that allow for discrimination from radiologists such as extensive ground-
glass opacity and the presence of traction bronchiectasis with subpleural sparing in fibrotic non-specific interstitial
pneumonia 19, Indeed, cryptogenic organizing pneumonia (COP), also known as bronchiolitis obliterans organizing
pneumonia (BOOP), is mostly found as secondary to connective tissue diseases, drug-induced adverse pulmonary
reactions, hypersensitivity pneumonia and infectious processes. It occurs in patients between 50 and 70 years of age,
without gender preference, and from the histological point of view it is characterized by organized buds of granulation
tissue within the alveolar ducts and adjacent alveoli that create the obstruction of the alveolar lumen and bronchioles
culminating in respiratory failure 21421 Acute interstitial pneumonia (AIP) is a severe form of idiopathic acute interstitial
disease affecting patients between 50 and 60 years of age associated to a poor prognosis with a mortality rate greater
than 50%. Although the etiology is unknown, a case report was published that stated how acute interstitial pneumonia can
be triggered by strenuous exercise 441, In general, the clinical, radiological, and histological patterns are similar to those of
acute respiratory distress syndrome (ARDS). Typically, the histopathological pattern of AIP is characterized by diffuse



alveolar damage (DAD) similar to the pattern found in ARDS [ with the presence of the edema in the interstitium and
alveolus during the early phase of lung injury, followed by the fibroblastic proliferation and type 2 cell hyperplasia in the
organizing or late phase 2. The HRCT shows ground-glass opacities and air space consolidation together with traction
bronchiectasis indicating progression from the exudative phase to the proliferative fibrotic phase showing a strong
correlation with the different phases of DAD 43, Desquamative interstitial pneumonia (DIP), which is also a rare pathology
mostly affecting men between 30 and 50 years, is strongly related to cigarette smoking and in some case is associated
either with occupational risk exposure or the use of inhalation drugs. From a histopathological point of view, DIP is
characterized by the thickening of the alveolar septa and massive alveolar infiltration of macrophages leading to interstitial
inflammation and fibrosis. The HCRT shows bilateral ground-glass opacities with lower lobe predominance 48,
Lymphocytic interstitial pneumonia (LIP) that is part of the spectrum of benign pulmonary lymphoproliferative disease is
characterized by the presence of the lymphocytic infiltrate that expand and culminate into the alveolar region.
Furthermore, LIP has been associated with several autoimmune disorders (e.g., Sjégren’s syndrome, rheumatoid arthritis,
systemic lupus erythematosus) 44, other pathological conditions such as dysgammaglobulinemia, infections (human
immunodeficiency virus and Epstein—Barr virus), and genetic predisposition. The HCRT displays thin-walled cysts in a
random distribution, along with ground-glass opacities, centrilobular and subpleural nodules and reticulonodular opacities
(18] |ndeed, respiratory bronchiolitis-associated interstitial lung disease (RB-ILD) is a rare, inflammatory pulmonary
disorder that mostly affects smokers between 30 and 60 years of age without gender preference. Similar to DIP, RB-ILDs
are characterized by the presence of pigmented macrophages within the lumens of respiratory bronchioles and alveolar
ducts. The HRCT of RB-ILD patients reveals central and peripheral bronchial wall thickening, centrilobular nodules, and
ground-glass opacities together in some case with centrilobular emphysema at the upper lobe. Idiopathic
pleuroparenchymal fibroelastosis (PPFE) that has been recently included in the ATS/ERS among the 1IPs classification is
characterized by the presence of fibrosis in the pleural surfaces and subpleural parenchymal lung, particularly located at
the upper lobe. 48 Furthermore, PPFE that mostly occurs in males and with unknown cause 42 has also been reported
as a consequence of bone marrow transplantation as chronic graft-versus-host disease 9. Then, the HRCT of PPFE
patients shows pleural thickening in the upper pulmonary zones together with subpleural reticulations in the upper and
middle regions and bronchiectasis 49 Finally, the diagnostic approach through the evaluation of HCRT offers a crucial
tool for the diagnosis of IIPs since some radiological patterns specifically and particularly characterize different 1IPs
(Figure 1). Despite this, sometimes the correct and early diagnosis based on HCRT findings is challenging, especially
when the IIPs are represented by heterogeneous patterns shared among/overlapped with other different 1IPs as they are
for the heterogeneous radiological findings of NSIP. To date, the gold standard for the diagnosis of IIPs, as is the case for
the other ILDs, is represented by the multidisciplinary approach that can improve the pathology management and promote
an appropriate therapeutic treatment. Indeed, along with the multidisciplinary approach, a more comprehensive study of
the molecular mechanisms underlying the specific IIPs as well as of the shared molecular mechanisms could support both
the diagnosis and the prognosis of these patients as well as widen the perspectives for potential new target therapies.
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Figure 1. The diagnostic and etiologic characteristic of different IIPs.



The typical high-resolution computed tomography (HRCT) of different IIPs shows the UIP pattern where the main features
are represented by a reticular pattern, traction bronchiectasis and honeycombing appearance. These imaging findings are
predominantly located in the subpleural regions and in lower lobes. In particular, IPF, which is considered idiopathic (?) but
has several risk factors, such as the gender and age, genetic susceptibility, environmental risks and cigarette smoking,
shows in Panel A peripheral, subpleural and basal pattern of distribution characterized by reticular opacities,
honeycombing, minimal ground-glass opacity and architectural distortion. NSIP that can be either idiopathic or associated
with connective tissue diseases (e.g., scleroderma), hypersensitivity pneumonia and drug reactions, more often affecting
women ranging from 40 to 50 years of age, shows (Panel B) from the HCRT extensive ground-glass opacity and the
presence of traction bronchiectasis with subpleural sparing in fibrotic non-specific interstitial pneumonia. COP, mostly
found as secondary to connective tissue diseases, drug-induced adverse pulmonary reactions, hypersensitivity
pneumonia and infectious processes affecting patients between 50 and 70 years of age, shows a radiological pattern
(Panel C) characterized by peripheral or peribronchial patchy consolidations as well as ground-glass opacities with a
tendency to migrate. RB-ILD mostly affects smokers between 30 and 60 years of age without gender preference. The
HRCT of RB-ILD patients (Panel D) reveals central and peripheral bronchial wall thickening, centrilobular nodules, and
ground-glass opacities together in some case with centrilobular emphysema at the upper lobe. AIP affects patients
between 50 and 60 years of age with unknown etiology. The HRCT (Panel E) shows ground-glass opacities and air space
consolidation together with traction bronchiectasis. DIP, mostly affecting men between 30 and 50 years, is strongly related
to cigarette smoking, occupational risk exposure or use of inhalation drugs. The HCRT (Panel F) shows bilateral ground-
glass opacities with lower lobe predominance. LIP has been associated with several autoimmune disorders (e.g.,
Sjogren’s syndrome, rheumatoid arthritis, systemic lupus erythematosus), virus and genetic predisposition. The HCRT
(Panel G) displays thin-walled cysts in a random distribution, along with ground-glass opacities, centrilobular and
subpleural nodules and reticulonodular opacities.
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