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Editorial

Idiopathic pulmonary fibrosis (IPF) is a progressive disease of the lungs that leads to parenchymal
scarring and death due to respiratory failure within a few years despite the recent therapeutic
advances [1]. Diagnostic criteria rely on a combination of radiological and histopathological features,
which can be simplified into identification of the usual interstitial pneumonia (UIP) pattern and
exclusion of alternative diagnoses [2].

Two main aspects are noteworthy in a critical view of IPF: first, truly idiopathic diseases do not
exist in biology, but they are classified as such due to an incomplete understanding of their underlying
mechanisms; second, fibrosis is a physiological process that follows repair after injury when complete
regeneration is not achievable, thus it only turns into disease when it becomes disproportionate and/or
progressive. Indeed, it is not the UIP pattern itself that distinguishes IPF from other interstitial lung
diseases most, but its progressive behavior.

The currently prevailing hypothesis for IPF pathogenesis holds that the fibrotic cascade starts
from defective alveolar epithelial type-II (ATII) cells, which are not able to trans-differentiate into the
more widespread alveolar epithelial type-I (ATI) cells and consequently to regenerate the alveolar
epithelium like they normally do after injury or during turnover.

We have reviewed some of the dramatic progresses that have been recently made in the understanding
of the pathogenic mechanisms of IPF, with special regard to the role of epithelial–mesenchymal
transition (EMT) [3].

EMT is a biological process in which, under several stimuli, epithelial cells lose their normal
polarity and shape to acquire mesenchymal features of migration and extracellular matrix production [3].
Despite the fact that EMT is a common downstream mechanism of all fibrosing diseases, whether it
represents a leading process in the development of IPF has been widely discussed and is still a matter
of debate.

One milestone on this topic is the lineage-tracing study by Rock et al., who found that only a
relatively small number of fibroblasts derive from epithelial cells and that myofibroblast markers
(α-smooth muscle actin) do not co-localize with EMT-derived cells in the bleomycin-induced mouse
model of lung fibrosis. The authors conclude that no contribution to the expansion of mesenchymal
population comes from EMT in this experimental setting [4].

On the contrary, Chilosi and coauthors gave the first demonstration that, in human tissue samples
of idiopathic pulmonary fibrosis, known markers of major EMT signaling pathways (ZEB1 and
β-catenin) are concurrently expressed both in fibroblast foci and in damaged epithelial cells, providing
indirect evidence that EMT plays a role in human pathology. While this finding contrasts what was
previously observed in vivo with the robust technique of lineage tracing, it must be stressed that the
bleomycin-induced mouse model of IPF is possibly a suboptimal one, as fibrosis develops in response
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to acute inflammatory damage and tends to be self-resolving, contrary to what happens in human
disease [5].

Subsequent studies reported that platelet-derived growth factor (PDGF), transforming growth
factor beta-1 (TGFβ1), tumor necrosis factor (TNF) and other mediators that play a role in the migration,
proliferation and activation of fibroblasts, are expressed by hyperactivated lung epithelial cells.
Furthermore, TGFβ1 has been shown to interact with developmental pathways that are overexpressed
in IPF epithelial cells (e.g., Wnt and Sonic Hedgehog), converging to EMT via the activation of
SMAD3 [6] and recent findings confirmed that ATII cells undergoing EMT promote, through paracrine
signaling, a microenvironment that activates local fibroblasts, enhancing the pro-fibrotic drive in a
loop departing from the epithelium [7].

The sum of this evidence supports the new interpretative key for IPF pathogenesis that has
emerged in recent years: ATII stemness failure, as a consequence of the ATII-to-ATI trans-differentiation
blockade, seems to be responsible for the hyperactivation of ATII cells and the upregulation of several
upstream pathways that are major drivers of EMT, besides directly stimulating fibroblast proliferation
and collagen secretion in a paracrine fashion [8].

In other words, according to this hypothesis, the abnormal occurrence of EMT contributing to lung
fibrosis is thought to be indirectly stimulated by an impairment in the process that physiologically allows
for the regeneration of the alveolar epithelium, which could be properly named “epithelial-to-epithelial
transition (EET)”.

Important knowledge was added to the field after the publication of our review paper. Notably,
Su et al. found that RAS-responsive element binding protein 1 (RREB1) is a key partner of
TGF-β-activated SMAD transcription factors in EMT [9], while Qian and coauthors identified the
oncogene metastasis-associated protein 1 (MTA1) to be significantly upregulated in TGF-β-mediated
EMT both in vitro and in vivo [10]. Recently, Saito et al. demonstrated that the constitutionally activated
mammalian target of Rapamycin (mTOR) pathway in the ATII cells of transgenic mice resulted in an
exacerbation of bleomycin-induced lung fibrosis and that mTOR-transfected ATIIs showed an enhanced
expression of EMT markers after treatment with TGFβ1 [11]. Lastly, Wu et al. stated that mechanical
stretch is able to activate a TGF-β signaling loop in ATII cells, which drives the periphery-to-center
progression fibrosis typical of IPF [12]. The authors did not investigate the activation of proper EMT
pathways in their model of disease; however, it is likely that this occurs according to the ensemble
of other findings and previous evidence [13,14]. This provides fundamental—yet indirect—support
to EMT being a major player in IPF, as mechanical stretch has been shown to explain the spatial
distribution of fibrosis in human pathology [15].

Given the tight relationship between the epithelium and endothelium in the alveolus, future
research should also be directed towards investigating the mechanisms of endothelial–mesenchymal
transition (endoMT) and, in general, the possible contribution of endothelial cells to the development
of fibrosis.

It is likely that the increasing recognition of precise molecular mechanisms and factors of genetic
susceptibility will soon allow for both the removal of the wording “idiopathic” from “IPF” and the
identification of more effective therapeutic targets. In fact, the two commercially available drugs for IPF,
Pirfenidone and Nintedanib, decelerate the progression of the disease by interfering with EMT among
several other processes; however, any future therapeutic approach will likely be a game-changer only
if it will be able to restore the normal epithelial function instead of just blocking the late function
of fibrosis.

In conclusion, despite the fact that huge advances in the understanding of IPF are still needed
to pave the way for the development of new and more effective therapies, we have re-analyzed the
concept of EMT and discussed its contribution to the pathogenesis of fibrosis, supporting the most
recent hypothesis, according to which it may be considered not as a primitive mechanism of disease,
but rather as an alternative process to dysfunctional EET.
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