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Pulmonary fibrosis represents the end stage of a diverse group of heterogeneous interstitial lung diseases
that are characterised by the destruction of the pulmonary parenchyma, deposition of extracellular matrix
(ECM), and dramatic changes in the phenotype of both fibroblasts and alveolar epithelial cells [1, 2]. More
than 200 causes of pulmonary fibrosis have been identified, of which the most common form is idiopathic
pulmonary fibrosis (IPF) [3]. IPF affects ∼5 million people worldwide and is responsible for more
than 40000 deaths per year in the USA, similar in number to breast cancer [4], establishing it as the
non-cancer lung disease with the gravest prognosis [3].

These bleak epidemiological statistics will change as new therapies are being developed that limit the
progression of IPF. Pirfenidone was the first drug to be approved for the treatment of IPF [5]. Pirfenidone
is a pleiotropic molecule with antifibrotic, anti-inflammatory and antioxidant properties. It has been
shown to block major, fibrosis-relevant signal transduction pathways, including those of transforming
growth factor (TGF)-β1, fibroblast growth factor and interleukin (IL)-1β, in vivo in mice [6]. In the clinical
setting, five randomised controlled trials and several real-life clinical studies [7–11] have reported the
beneficial effects of pirfenidone in patients with IPF. In particular, it has been shown to slow the annual
rate of forced vital capacity decline, reduce the risk of death at 1 year by almost 50% [9, 10] and prevent
respiratory-related hospitalisations, suggesting a therapeutic impact on acute exacerbations [12].

Despite clinical studies confirming clinical efficacy of pirfenidone, mechanistic insights explaining the
exact role pirfenidone has in slowing IPF progression in humans are limited. A recent study by NEIGHBORS

et al. [13] measured 12 biomarkers (including CCL13, CCL17, CCL18, CXCL13, CXCL14, cartilage
oligomeric matrix protein, IL-13, matrix metalloprotease (MMP)3, MMP7, osteopontin, periostin and
YKL40) reported to be prognostically or mechanistically relevant to IPF in patients enrolled in the
CAPACITY [13] or ASCEND trials [9]. Although circulating levels for several biomarkers were found to
be prognostic for progression outcomes, pirfenidone did not have a pharmacodynamic effect on circulating
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levels of any of the biomarkers [13], suggesting it did not impact pathways driving expression of these
biomarkers in IPF patients. ZHANG et al. [14] analysed explanted lungs from IPF patients treated with
pirfenidone and showed that pirfenidone therapy did not impact expression of senescence markers or
levels of phosphorylated SMAD but was associated with less lung injury quantified histopathologically.
Clearly, more work needs to be done to define the cellular and molecular pathways favourably impacted by
pirfenidone therapy. Identifying these pathways will advance understanding of the pathobiology of IPF and
enable development of novel therapies.

Towards this end, in this issue of the European Respiratory Journal, KWAPISZEWSKA et al. [15] used global
transcriptome profiling in lung homogenate samples as well as freshly isolated human lung fibroblasts from
IPF patients treated with or without pirfenidone to generate data that yielded new mechanistic data on the
pharmacological effects of pirfenidone. Total lung homogenate profiling identified significant changes in
inflammatory processes and cell–cell contact while the most significant perturbed pathways in fibroblasts
were related to metabolic reprogramming, growth and cell division. Genes regulated in both systems
primarily belonged to the ECM, although in fibroblasts, the most upregulated genes were contained within
the “cytosol” and “nucleus”, and in lung homogenates, were overrepresented in “immune responses”. Ex vivo
effects of pirfenidone were complemented with in vitro experiments on IPF fibroblasts cultured, after several
passages, in the presence or absence of pirfenidone. Comparative expression profiling between in vitro IPF
fibroblasts and ex vivo fibroblasts isolated from treated and untreated IPF patients revealed overlapping
pirfenidone-regulated gene expression patterns involving TGF-β1 signal transduction and lipid metabolism
pathways. Identification of CEMIP (cell migration-inducing and hyaluronan-binding protein) as one of
the most downregulated genes following pirfenidone treatment, in both compartments, was of particular
relevance to lung fibrosis. To this end, a detailed characterisation of CEMIP expression revealed the
following novel findings. 1) CEMIP expression was increased in both IPF lungs and lung fibroblasts, and was
downregulated following pirfenidone treatment. 2) Immunolocalisation studies revealed that structural cells,
including alveolar type II epithelial cells, endothelial cells and myofibroblast foci, were sources of CEMIP
expression within the fibrotic lung. 3) Since CEMIP is a secreted protein, the authors investigated circulating
CEMIP levels in patients with IPF, finding them to be significantly increased compared to controls. These
levels were lower in IPF patients treated with pirfenidone, suggesting a pharmacodynamic effect of the drug.
4) Mapping the CEMIP genomic region revealed the presence of key regulatory transcription factors, such as
glioma-associated oncogene homologue (GLI), in close proximity to its promoter region. Functional
experiments using GLI inhibitors and pirfenidone resulted in downregulation of CEMIP expression. 5) Loss
of function experiments demonstrated CEMIP as a positive regulator of fibroblast homeostasis including
proliferation, migration and collagen production. No effects on apoptosis and fibroblast differentiation were
observed. 6) Lungs from patients with IPF treated with pirfenidone demonstrated increased hyaluronic acid
deposition, suggesting a key role for CEMIP in hyaluronan metabolism.

The present study validates prior impressions that pirfenidone has pleiotropic actions on both the immune
system and ECM (table 1) [16–18]. The study also reports, for the first time, that pirfenidone may
influence metabolism of hyaluronan, a major component of the ECM that regulates tissue injury and
repair [19]. By utilising sophisticated analytical approaches and state-of-the-art techniques, the authors
begin to describe the effect of pirfenidone in ECM production as well as innate and adaptive immunity.
They also provided a roadmap to the translational study of IPF treatment, and proposed CEMIP as a
target and screening marker of treatment response. This is of major interest considering the recently
identified protective role of hyaluronan in post-stress fibrotic injury repair [20].

TABLE 1 Studies suggesting mechanisms of pirfenidone action

First author [ref.] Mechanism Setting

OKU [6] Inhibition of TGF-β1, FGF, IL-1β In vivo (BLM model)
ZHANG [14] No effects on histopathology expression of phospho-SMAD3 and

senescence markers (p16, p21)
In vitro (lung tissue samples)

KWAPISZEWSKA [15] Inhibition of CEMIP, TGF-β1
Regulation of innate and adaptive immunity

In vitro (fibroblasts, lung homogenates)

SONG [16] Inhibition of periostin, TGF-β1 In vivo (BLM model)
KURITA [17] Restoration of insufficient mitophagy/enhancement of PARK2 expression In vitro (fibroblasts)
DIDIASOVA [18] Inhibition of GLI transcription factors In vitro (fibroblasts)

TGF: transforming growth factor; FGF: fibroblast growth factor; IL: interleukin; BLM: bleomycin; CEMIP: cell migration-inducing and
hyaluronan-binding protein; GLI: glioma-associated oncogene homologue.
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These novel findings must be considered in the context of the limitations of the study. The in vitro studies
of pirfenidone-treated cells used a concentration of pirfenidone that is markedly higher than a level that
would be achieved in patients. This raises the possibility that the findings in cultured fibroblasts may be
off-target and not representative of what occurs in patients. In vivo data on the role of CEMIP in
experimental models of lung fibrosis are missing. In addition, a direct mechanistic link between CEMIP
and regulation of fibroblast homeostasis and hyaluronan metabolism has not been addressed.
Immunolocalisation studies revealed that the effects of CEMIP on fibroblast phenotypes are not
cell-specific and this begs the question of whether CEMIP inhibition in other cell types, including lung
epithelial and endothelial cells, will exert similar antifibrotic effects. Finally, the expression data on lung
homogenates define the net effects of pirfenidone on IPF lung tissue. They do not define whether these
effects are due to direct or indirect effects of pirfenidone on the cellular and molecular pathways, or which
pathways directly influence lung remodelling and fibrosis, and which are bystanders. Resolving these
questions would require identifying the preferential binding partner(s) for pirfenidone.

In conclusion, this novel study applied a multilayer reductionist approach to validate key findings from
global gene expression analysis, and identify novel biomarkers and possible therapeutic targets for a drug
that advanced to the clinical setting with a relatively unknown mechanism of action. These findings
should be of particular interest to groups developing IPF therapies that may be targeting pathways similar
to those impacted by pirfenidone or that could be used synergistically in combination with pirfenidone.
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