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Idiopathic pulmonary fibrosis (IPF) is a specific 
form of chronic, fibrosing interstitial pneumo-
nia of unknown etiology associated with the 
histopathological pattern of usual interstitial 
pneumonia (UIP)1,2. The disease is usually 
progressive and irreversible, leading to a grad-
ual but relentless destruction of the lung pa-
renchyma, showing a mean survival of approx-
imately 3-5 years from the time of diagnosis. 

DIAGNOSIS AND CLINICAL BEHAVIOR

Idiopathic pulmonary fibrosis affects primar-
ily middle-aged and elderly adults, mainly 
former or current smokers, and in this con-
text its diagnosis should be considered in any 
individual over 50 years old (mainly ever 
smoker) with unexplained and slowly pro-
gressive dyspnea, or inexplicable and pro-
longed (months) cough. Unfortunately, IPF is 
often misdiagnosed because the early mani-
festations of the disease are nonspecific, and 
it is incorrectly diagnosed as asthma, chronic 
obstructive pulmonary disease (COPD), em-
physema, or heart disease, leading to consid-
erable delay between the beginning of symp-
toms and the precise diagnosis. Moreover, the 
incorrect diagnosis is often associated with the 
use of ineffective or potentially harmful treat-
ment and delays the opportunity for possible 
lung transplant, increasing the risk of death3. 

The correct diagnosis of IPF requires exclu-
sion of other known causes of interstitial lung 
disease (e.g. environmental exposures, auto-
immune diseases, and drug toxicity) and the 
presence of a pattern of UIP on high-resolu-
tion computed tomography (HRCT) in pa-
tients not undergoing surgical lung biopsy, or 
specific combinations of HRCT and surgical 

lung biopsy patterns in patients undergo-
ing surgical lung biopsy1 (Fig. 1). However, 
diagnosis is challenging and the latest in-
ternational guidelines emphasize the im-
portance of a multidisciplinary team in the 
initial diagnostic approach of patients with 
suspected IPF. This team should include a 
pulmonologist, a radiologist, and a patholo-
gist, with further contribution from a rheu-
matologist and an expert in occupational 
medicine when appropriate1.

The natural history of IPF is highly variable 
and the course of disease in an individual 
patient is difficult to predict. Most patients 
progress slowly or even remain stable for 
some time, but some patients deteriorate rap-
idly, showing an accelerated course of the 
disease2,4. In addition, around 10% of patients 
present unexpected deterioration with a sud-
den and acute worsening of symptoms and 
lung function5. These episodes, when occur-
ring without an identifiable cause, are known 
as acute exacerbations and are often fatal.

PATHOGENESIS

Idiopathic pulmonary fibrosis is a multifacto-
rial disease that likely occurs as a result of 
the interaction between some environmental 
factors and genetic components. However, 
the pathogenic mechanisms as well as the 
sequence of cellular and molecular abnormal-
ities leading to IPF have not been elucidated. 
Recently, we proposed that the convergence 
of three “IPF-facilitator” processes are essen-
tial for the development of this disease6: (i) ge-
netic architecture, (ii) aging, and (iii) epigenetic 
changes, likely associated to environmental 
factors and to aging (Fig. 2). 
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Figure 1. A and B: two HRCT images representing a usual interstitial pneumonia pattern. Distinctive imaging features include the presence 
of honeycombing (red arrow), traction bronchiectasis (black dotted arrows) and a reticular pattern. Lesions are typically located along 
sub-pleural regions. C and D: histopathologic characteristics of a usual interstitial pneumonia pattern. C: low-power view shows marked 
fibrosis with architectural distortion, honeycombing in a predominantly sub-pleural distribution close to uninvolved (almost) normal lung 
(hematoxylin-eosin, original magnification ×20). D: high-power view shows fibroblast foci (black arrows) at the edge of dense fibrosis and 
honeycomb lesions (hematoxylin-eosin 40×).

A B

C D

The genetic architecture  
of idiopathic pulmonary fibrosis

The genetic risk factors associated to suscepti-
bility for the development of sporadic IPF are 
uncertain, although it is well known that mu-
tations, primarily in some components of telo-
merase, strongly contribute to the develop-
ment of familial IPF7. Familial IPF comprises 
around 5-10% of all cases, and the majority of 
lineages demonstrate an autosomal-dominant 

pattern of inheritance with reduced pene-
trance. However, the gene mutations involved 
have been revealed only in 20-25% of the fa-
milial cases.

The underlying genetic basis of sporadic IPF 
has been evaluated through the candidate 
gene approach, linkage and fine mapping, 
and genome-wide association studies (GWAS). 
Studies focused on biologically relevant can-
didate genes have revealed some interesting 
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Figure 2. A hypothetical model of the sequence of events implicated in the pathogenesis of idiopathic pulmonary fibrosis. Three processes 
should gather together to provoke the initiation of the disease. (1) A genetic architecture conformed by a set (of several possible) of risk 
gene variants that result in the loss of epithelial integrity and spatial orientation; (2) “Accelerated” aging characterized among others by 
abnormal shortening of telomeres, exaggerated epithelial senescence, mitochondrial dysfunction, impaired autophagy and genomic instability; 
and (3) A distinctive aging-related epigenetic reprogramming, involving differentially DNA methylated regions, histone tails modifications, and 
a deregulation of microRNA expression. The consequence is an aberrant reaction of the epithelium, mediated at least partially by the sustained 
reactivation of a variety of embryological pathways. “Hyperactive” epithelial cells secrete a variety of mediators that induce the migration, 
proliferation of mesenchymal cells to the sites of injury and the differentiation of fibroblasts to myofibroblasts. Fibroblasts/myofibroblasts 
secrete exaggerated amounts of extracellular matrix, mainly fibrillar collagens generating a chaotic lung remodeling. In addition, increased 
extracellular matrix stiffness generates local signals perpetuating the abnormal behavior of fibroblasts/myofibroblasts and epithelial cells 
resulting in a vicious circle of lung destruction (modified from Selman and Pardo6. Reprinted with permission of the American Thoracic 
Society. © 2015 American Thoracic Society).  
ECM: extracellular matrix.
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genes, but there are only few examples where 
significant results have been replicated in in-
dependent cohorts8.

Linkage and fine mapping identified a region 
of interest on the p-terminus of chromosome 
11 where it was found that the minor-allele 

of the single-nucleotide polymorphism (SNP) 
rs35705950, located 3 kb upstream of the 
MUC5B transcription start site, was present 
at a frequency of 34% among subjects with 
familial interstitial pneumonia (most of them 
with IPF), 38% among subjects with sporadic 
IPF, and 9% among controls9. The odds ratios 
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for disease among subjects who were hetero-
zygous for the minor allele of this SNP were 
6.8 for familial interstitial pneumonia and 9.0 
for sporadic IPF, which increased several-fold 
in those who were homozygous9. This pro-
moter polymorphism in MUC5B has been 
confirmed by multiple studies as a common 
risk factor with a large genetic effect on de-
velopment of pulmonary fibrosis10,11. The pu-
tative role of MUC5B in the pathogenesis of 
the disease is presently unknown, but curi-
ously, some studies have shown that IPF pa-
tients carrying the MUC5B variant that in-
creases the risk to develop the disease show 
a significantly improved survival12.

The first GWAS approach in IPF was performed 
in a Japanese population and revealed a signif-
icant association with the disease of a SNP in 
the intron 2 of the TERT gene (rs2736100), 
which encodes the reverse transcriptase of 
telomerase13. Subsequently, Schwartz, et al.14 
performed the largest GWAS carried out to 
date, involving 1,616 patients with idiopathic 
interstitial pneumonias, mostly IPF, and 4,683 
controls, with follow-up replication analyses 
in 876 cases and 1,890 controls. The results 
confirmed the association of IPF with TERT 
at 5p15, MUC5B at 11p15 and the 3q26 region 
near TERC, and identified seven new associ-
ated loci, including family with sequence 
similarity 13, member A (FAM13A; 4q22), des-
moplakin (DSP; 6p24), oligonucleotide-bind-
ing fold containing-1 (OBFC1; 10q24), ATPase, 
class VI, type 11A (ATP11A; 13q34), dipepti-
dyl-peptidase 9 (DPP9; 19p13), and chromo-
somal regions 7q22 and 15q14-15. 

Almost at the same time, Noth et al.15 reported 
a three-stage GWAS, with stage one being a 
discovery GWAS and stages two and three 

independent case-control studies. Their results 
confirmed previously reported gene variants, 
including MUC5B and TERT SNPs, and re-
vealed novel variants in toll interacting pro-
tein (TOLLIP, (rs111521887, rs5743894, rs5743890; 
11p15.5) and signal peptide peptidase like 2C 
(SPPL2C, rs17690703; 17q21.31) associated with 
IPF susceptibility. The TOLLIP is a critical 
regulator of toll-like receptor-mediated innate 
immune responses, but is also a strong inhib-
itor of transforming growth factor beta 
(TGF-b) signaling and of the epithelial to 
mesenchymal transition16. Also intriguingly, 
patients carrying the minor (protective) allele 
rs5743890 in the TOLLIP gene are at increased 
risk for mortality from IPF. 

In general, all these genetic findings indicate 
that genes involved in cell-cell adhesion, epi-
thelial cell integrity and regeneration, and host 
defense mechanisms, contribute to risk of IPF.

Aging processes play a major role 
in the pathogenesis of idiopathic 
pulmonary fibrosis

Age is the strongest demographic risk factor 
for IPF and actually most patients are older 
than 60 years at the time of diagnosis, suggest-
ing a mechanistic link between chronological 
age and this disease6,17.

In this context, several of the cellular and 
molecular hallmarks of aging have been 
found to be aggravated in IPF lungs18. For 
example, one common finding in aging is the 
accumulation of genetic damage throughout 
life, and microsatellite instability and loss of 
heterozygocity have been found in a subset 
of IPF patients19. Likewise, aging is associated 
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with progressive and cumulative loss of telo-
mere-protective sequences from chromosome 
ends, which involve the loss of the regenerative 
capacity. In this regard, abnormal shortening 
of telomeres is often found in leukocytes and 
epithelial cells in patients with sporadic IPF, 
and telomerase mutations are the main iden-
tifiable cause of familial IPF20,21.

Another hallmark of aging is mitochondrial 
dysfunction18, and numerous and large dys-
morphic mitochondria and age-related mito-
chondrial dysfunction with impaired mitopha-
gy were recently identified in the alveolar 
epithelial cells from the lungs of patients with 
advanced IPF22. Interestingly, there is emerg-
ing evidence suggesting that mitochondrial 
reactive oxygen species is involved in TGF-β 
signaling and expression of pro-fibrotic genes23. 

Cellular senescence represents a stable arrest 
of the cell cycle coupled to stereotyped phe-
notypic changes, usually caused by telomere 
shortening and non-telomeric DNA damage 
that progressively occur with chronological 
aging18. Two recent reports have demonstrat-
ed that accelerated alveolar epithelial senes-
cence is present in the lungs of patients with 
IPF, evidenced by senescence-associated β-ga-
lactosidase staining and immunohistochemi-
cal detection of p2124,25. Importantly, the se-
nescence-associated secretory phenotype may, 
at least partially, explain the production of so 
many biological mediators secreted by the ab-
normally activated epithelial cells6 (Table 1).

The activities of the two principal proteolytic 
systems implicated in protein quality control, 
namely, the autophagy-lysosomal system and 
the ubiquitin-proteasome system, decline with 
aging18. In this context, a growing body of 

Table 1. Mediators expressed by epithelial cells in idiopathic 
pulmonary fibrosis lungs

Mediator

Cytokines and Growth Factors 

– � Platelet-derived growth factor (PDGF)

– � Transforming growth factor-beta (TGF-b)

– � Connective-tissue growth factor (CTGF)

– � Tumor necrosis factor-alpha (TNF-a)

– � Osteopontin (OPN)

– � Insulin-like growth factor (IGF-1)

– � Insulin-like growth factor binding proteins (IGFBP) 3 and 5 

– � Angiotensinogen (AGT)

– � Fibroblasts growth factor 9 (FGF-9)

– � Neuregulin (NRG-1a)

– � Endothelin 1 (ET-1)

Matrix metalloproteinases (MMPs) and their tissue inhibitors

– � MMP-1

– � MMP-7

– � MMP-19

– � MMP-14

– � MMP-15

– � TIMP-4

Chemokines

– � CCL17/thymus and activation-regulated chemokine (TARC)

– � CCL2/monocyte chemotactic protein-1

– � CXCL12 

Coagulation factors

– � TF/FVIIa/FX ternary complex

– � Plasminogen activator inhibitor-1

– � Protease-activated receptor-1 and-2

Developmental Pathways

– � Wnt-pathway components

– � Sonic Hedgehog 

Others mediators

– � Dimethylarginine dimethylaminohydrolase (DDAH) 

– � Autotaxin 

– � Sphingosine-1-phosphate 

– � Pigment epithelium-derived factor

– � Hypoxia-inducible factor-1a (HIF-1a)

– � Heparan sulfate 6-O-endosulfatase 2
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evidence has demonstrated the presence of en-
doplasmic reticulum stress and unfolded pro-
tein response in alveolar epithelial cells in 
lungs of patients with sporadic and familial 
IPF26. Likewise, recent studies indicate that au-
tophagic activity is diminished in IPF lungs25,27. 

Finally, the decline in the regenerative potential 
(stem cell exhaustion) of tissues is another char-
acteristic of aging, but studies in IPF are scant. 

The epigenetic contribution  
to idiopathic pulmonary fibrosis 
pathogenesis

The term “epigenetics” refers to heritable 
changes in phenotype or gene expression that 
cannot be directly attributed to changes in 
DNA sequence. Epigenetic changes involve 
primarily DNA methylation, histone modifi-
cations, and non-coding RNA-mediated, all 
of which control chromatin architecture and 
gene transcription and, therefore, cell fate, bi-
ological processes, and broader phenotypes. 
Although stable enough to maintain a cellu-
lar state and identity, epigenome is dynamic 
enough to respond to environmental signals.

DNA methylation

DNA methylation involves the addition of a 
methyl group to the 5′ position of cytosine in 
CpG dinucleotides usually in islands and is-
land shores. The methyl groups promote a 
conformational change of DNA structure 
and, as a consequence, the transcription fac-
tors cannot recognize the DNA, resulting in 
repression of transcription. Importantly, with 
aging there is a gradual and stochastic process 

of modifications in DNA methylation through 
random errors that are bidirectional, i.e. in-
clude hypo-and hypermethylations. This phe-
nomenon, known as “epigenetic drift”, is more 
evident in rapidly proliferating cells, which 
may be more vulnerable to this process due 
to an increased rate of mitotic divisions and 
weaker fidelity in transferring the methylation 
marks28. Also relevant, the rate of epigenetic 
drift can vary by cell type and between indi-
viduals and is likely impacted by both endog-
enous and exogenous factors. As such, the 
epigenetic drift may contribute to the age-as-
sociated increased risk for development of IPF. 

Global methylation and gene expression have 
been recently examined in IPF lungs. In the 
latest report, Yang, et al., using comprehen-
sive high-throughput arrays for relative meth-
ylation methodology, examined 4.6 million 
CpG sites distributed across the human ge-
nome, and simultaneously, the gene expression 
changes in lung tissues from 94 IPF patients 
and 67 control subjects29. They found that the 
IPF lungs have a large number of disease-as-
sociated methylation changes that also affect 
gene expression in the opposite direction. 
Methylation changes were predominantly lo-
cated in gene bodies and CpG island shores. 
Functional analyses identified several biolog-
ically relevant methylation-expression rela-
tionships in IPF lung. Among the most en-
riched canonical pathways were several that 
have been implicated in the pathogenesis of 
IPF, for example CXCR4 signaling, thrombin 
signaling, Wnt/β-catenin signaling, and epi-
thelial adherens junction signaling. Analysis of 
binding motifs in promoters revealed overrep-
resentation of regulators of lung development, 
specifically, β-catenin, GLI1, and FOXC2. Final-
ly, network analysis identified 10 high-scoring 
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networks, the most significant centering 
around amyloid β precursor (APP) protein that 
contains the transcription factor CASZ1. The 
APP is expressed in the lungs and has been 
shown to bind directly to TGF-β130. The rest of 
the networks contain genes related to develop-
ment (FZD8, GLI3, JAG2, WNT5B, WNT10A), 
cilium (CELSR1, FOXJ1, RFX2, RPGRIPL1), tight 
junctions (CTNND2, SLDN5, SLDN11, TJP2), as 
well as those with IPF-associated genetic poly-
morphisms mentioned above (DSP, TOLLIP). 
Taken together, this study suggests that sev-
eral biologically relevant methylation-expres-
sion modifications may contribute to the de-
velopment of IPF.

Histone modifications  
and chromatin remodeling

Histone tails are subject to multiple post-trans-
lational modifications such as phosphorylation, 
methylation, acetylation, and ubiquitination31. 
The combination of these distinct covalent 
modifications constitute the “histone code” 
that plays a central role in modulating DNA 
accessibility and in that way may change the 
gene expression pattern.

Studies of chromatin remodeling in IPF are 
scant, but some biopathogically meaningful 
genes have been shown to be epigenetically 
modulated through this mechanism. For ex-
ample, prostaglandin E2 (PGE2) a potent in-
hibitor of lung fibroblast proliferation and 
migration, as well as of collagen production, 
is significantly decreased in IPF32. The PGE2 is 
produced from endogenous arachidonic acid 
via the cyclooxygenase (COX) pathway. In this 
context, it was demonstrated that COX-2 gene 
transcription in IPF fibroblasts is defective due 

to deficient histone H3 and H4 acetylation as 
a result of decreased recruitment of histone 
acetyltransferase and increased recruitment of 
the several transcriptional corepressor com-
plexes to the COX-2 promoter33. These find-
ings indicate that defective histone acetylation 
contributes to the decrease of COX-2 gene 
transcription in IPF.

Non-coding ribonucleic acids

Non-coding RNAs play a crucial role in main-
taining genomic stability, which is essential 
for cell behavior and survival. Non-coding 
regulatory RNAs can generally be divided 
into two major classes on the basis of their 
size, and include the so-called small-interfer-
ing RNAs, microRNAs, and long non-coding 
RNAs. To date, the studies in IPF have been 
focused in the putative role of microRNAs, a 
class of small non-coding RNAs of 22-23 nu-
cleotides in length, which negatively regulate 
the expression of many different genes34. Ac-
cording to the current literature, ≈ 40 microR-
NAs have been linked to fibrosis in various 
organs and disease settings35. In the context 
of IPF, 94 microRNAs have been found differ-
entially expressed: 43 increased and 51 de-
creased. In general, microRNAs that silence 
profibrotic messenger RNAs have been found 
to be decreased, e.g. miR-17-92, miR-200, miR-
29, miR-26, and let7d, resulting in the increase 
of TGF-b signaling, and in the de-repressing 
of a number of fibrosis-associated genes35-37. 

Likewise, IPF lungs show an increase of mi-
croRNAs that repress or degrade antifibrotic 
mRNAs. This is the case of miR-21 that, among 
others, affects Smad7, an inhibitor of TGF-b 
signaling, miR-199a-5p that degrades the 
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mRNA of caveolin-1, and miR-96 that de-
creases FOXO3a, which may contribute to the 
apoptosis-resistance of IPF fibroblasts35,36. In-
terestingly, Parker, et al. found that genes en-
coding IPF-associated extracellular matrix 
(ECM) proteins are targets for miR-29, which 
was downregulated in fibroblasts grown on 
IPF-derived ECM, and basal expression of 
ECM targets was restored by overexpression 
of miR-29, suggesting a positive feedback loop 
between fibroblasts and aberrant ECM38. 

On the other hand, some deregulated mi-
croRNAs appear to participate in the recapit-
ulation of developmental pathways, such as 
the WNT/b-catenin signaling pathway, a crit-
ical process in the aberrant activation of epi-
thelial cells and fibroblasts. Thus for example, 
miR-154 is increased in IPF fibroblasts, and it 
has been shown that transfection of fibro-
blasts with miR-154 caused activation of the 
WNT pathway. Furthermore, the use of ICG-
001 and XAV939, inhibitors of the WNT/β-cat-
enin pathway, reduced the proliferative effect 
of miR-15437. Similarly, WNT1-inducible sig-
naling pathway protein 1 (WISP1), which is a 
highly expressed profibrotic mediator in the 
alveolar epithelial cells of IPF lungs, is regu-
lated by miR-92a, which is decreased in IPF38. 
Moreover, an inverse relationship for WISP1 
and miR-92a was found in a TGF-β1-depen-
dent lung fibrosis model in vivo39. 

Putative sequence of the cellular 
and molecular pathogenic 
mechanisms

The pathogenic mechanisms of IPF are still 
largely unknown. For many years the preva-
lent hypothesis was that chronic, unresolved 

alveolitis of unknown etiology led to subse-
quent progressive fibrosis. However, a grow-
ing body of evidence strongly support that 
the starting pathological event in IPF is the 
deregulation of epithelial cell function, whose 
aberrant activation results in the secretion of 
multiple mediators that in turn provoke the 
migration, proliferation, and activation of 
mesenchymal cells2 (Table 1). 

Hypothetically, repetitive micro-injuries (or 
propagation of some) caused by smoking or 
other exposures, micro-aspiration, viral in-
fections, etc., provoke in aging lungs of pa-
tients with a determined genetic architecture 
and epigenetic changes, death of some epithe-
lial cells but the hyperactivation of others. 

However, the mechanisms that operate in the 
aberrant activation of epithelial cells (and per-
haps fibroblasts) in IPF lungs are uncertain. 

A strong body of evidence indicates that the 
recapitulation of developmental pathways 
may play a role (Fig. 2). Embryological signal-
ing networks orchestrate the biological pro-
cesses and interactions, which will result in 
distinct tissue architectures and functions. 
After birth, many of these pathways are sup-
pressed or restricted to tissue-specific stem 
cell maintenance, but may be re-expressed 
in response to tissue injury in a strictly reg-
ulated pattern favoring tissue regeneration, 
or deregulated contributing to adult diseas-
es, including IPF. Thus, the analyses of tran-
scriptional and epigenetic signatures have 
revealed that IPF lungs are significantly en-
riched with genes and networks associated 
with lung development, mainly WNT/β-cat-
enin and sonic hedgehog (SHH) signaling 
pathways29,40. 
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In IPF lungs, the WNT/β-catenin signaling 
pathway with its main canonical signal trans-
ducers, Gsk-3β and β-catenin, has been detect-
ed to be significantly activated mainly in hy-
perplastic type II epithelial cells, with nuclear 
translocation of β-catenin and over-expression 
of its response genes, like cyclin D1 and ma-
trix metalloprotease-741,42. Likewise, WNT5A 
has been found significantly increased in IPF 
fibroblasts, which seem to play a role in fibro-
blast expansion through non-canonical WNT/
beta-catenin pathway43. Moreover, increased 
WNT signaling pathway components (such as 
the coreceptor LRP5 and its paralog LRP6) are 
associated with rapid progression of IPF44. 

The SHH is critical for embryonic lung for-
mation, regulating branching morphogenesis 
and mesenchymal proliferation45. Two recent 
reports demonstrated the upregulation of SHH 
in epithelial cells lining fibrotic areas in IPF 
lungs while it was undetectable in normal 
lungs46,47. Abnormal expression of the recep-
tor patched, the signal transducer smoothened, 
and the transcription factor GLI1 in either 
epithelial cells or fibroblasts was also revealed 
in IPF lungs. In these studies it was demon-
strated that SHH induces fibroblast migration, 
proliferation, and resistance to apoptosis, and 
that it has a profibrotic cross-talk with TGF-β1. 
Actually, smoothened was required for TGF-
β1-induced myofibroblastic differentiation, 
while GLI-dependent transcription in the nu-
cleus was required for the TGF-β1 effects on 
normal and IPF fibroblasts during differentia-
tion to myofibroblasts47. There is additional 
evidence for interactions between TGF-β1 and 
Wnt/b-catenin pathways during the develop-
ment of IPF48. The TGF-β-induced convergence 
of β-catenin-dependent and canonical Smad3 
signaling is critical during TGF-β-induced 

epithelial to mesenchymal transition, linking 
TGF-β/Smad3 to pleiotropic β-catenin/CBP-de-
pendent signaling pathways.

Fibroblasts  
and the scarring formation

Fibroblast migration, proliferation, and acti-
vation through myofibroblast differentiation 
play a central role in the abnormal architec-
tural remodeling of IPF. The source of fibro-
blasts in this disease is unclear, but there is 
evidence indicating that they may arise from 
interstitial resident fibroblasts, epithelial to 
mesenchymal transition, and from the differ-
entiation of recruited circulating bone mar-
row-derived fibrocytes2,49. More recently it 
has been proposed that Foxd1 progenitor-de-
rived pericytes are also an important source 
of lung myofibroblasts50. However, the real 
contribution of any, some, or all of these pu-
tative sources in IPF is largely unknown. 

Activated myofibroblasts, characterized par-
ticularly for the formation of stress fibers and 
expression of α-smooth muscle actin are key 
effector cells in IPF and other fibrotic disor-
ders51. They produce large amounts of dense 
collagens and other components of the ECM 
and also can maintain a contractile force over 
long periods of time. As matrix accumulates, 
it becomes rigid, and the stiffness of the scar 
tissue has a strong influence on myofibroblast 
differentiation and progression of fibrosis. 
Actually, mechanical stress is one of the most 
potent factors controlling myofibroblast fate 
and development51. Also important is that 
ECM is a reservoir for a wide range of growth 
factors including TGF-b and connective tissue 
growth factor that may be released through 
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ECM remodeling in the fibrogenic microen-
vironment, perpetuating the fibrotic response.

EMERGING THERAPEUTIC OPTIONS

Idiopathic pulmonary fibrosis is a progres-
sive and incapacitating respiratory condition 
for which there is no cure. For decades, IPF 
patients were treated with varying doses/du-
ration of corticosteroids and subsequently with 
the combination of prednisone plus some im-
munosuppressive drugs such as azathioprine 
or cyclophosphamide52. Ten years ago, N-ace-
tyl-cysteine (NAC) combined with predni-
sone and azathioprine was introduced to the 
treatment of IPF and this triple therapy became 
a standard of care worldwide for a few years. 
However, this triple therapy was demonstrat-
ed to be harmful to patients according to the 
results of the PANTHER-IPF clinical trial53. 

In the last decade, several clinical trials using 
different compounds, including interferon-gam-
ma, endothelin receptor antagonists (bosentan, 
macitentan, ambrisentan), anticoagulants (war-
farin), a modified p75 receptor of tumor necrosis 
factor that inhibits its action (etanercept), a tyro-
sine kinase inhibitor (imatinib), and NAC mono-
therapy, also showed disappointing results52.

Recently, and after several placebo-controlled 
clinical trials, pirfenidone and nintedanib were 
the first drugs showing some treatment benefit 
in patients with IPF. Pirfenidone appears to have 
pleiotropic antifibrotic and anti-inflammatory 
effects in experimental and cell-based models, 
but its mechanism of action is unknown. Nin-
tedanib is a tyrosine kinase inhibitor that tar-
gets the platelet-derived growth factor recep-
tors α/β, fibroblast growth factor receptors 1-3, 

and vascular endothelial growth factor recep-
tors 1-3, some of them implicated in fibroblast 
migration, proliferation, and activation. 

Both drugs decreased the decline in forced 
vital capacity (FVC) compared with the pla-
cebo group and also revealed a numerical 
trend toward improvement in mortality (haz-
ard ratios < 1)54-59. It is important to note, 
however, that this effect was observed after a 
relatively short time (~ 1 year), and in this 
context, long-term studies are needed to eval-
uate whether these drugs will slow the dis-
ease process for a longer duration, and im-
portantly, if these positive effects will also be 
seen in patients with severe functional im-
pairment and/or comorbidities. Both agents 
were reasonably well tolerated. Gastrointesti-
nal and skin problems were the most fre-
quent adverse events with pirfenidone, and 
gastrointestinal adverse effects (mainly diar-
rhea) were most common with nintedanib. 

There is some controversy about the treatment 
of gastroesophageal reflux (GER) in IPF. There 
are currently no controlled studies estab-
lishing the efficacy of anti-GER treatment in 
slowing disease progression. Interestingly, a 
recent meta-analysis of the placebo arms of 
three IPF clinical trials revealed that patients 
receiving antacid therapy showed a significant-
ly slower decline in FVC60. Also, some studies 
comparing outcomes in patients on and off 
proton pump inhibitor therapy have suggested 
that this therapy seems to be associated with 
reduced rates of acute exacerbations61. 

Lung transplantation represents a therapeutic 
option in IPF patients refractory to medical 
management, and there is some evidence in-
dicating that double-lung transplants may 
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result in better survival than single-lung trans-
plants. In a recent exploratory study, it was 
demonstrated that after confounders were 
controlled for propensity score analysis, dou-
ble-lung transplants (n = 2,124) were associat-
ed with better graft survival in patients with 
IPF than single-lung transplants (n = 2,010). 
The adjusted median survival was 65.2 vs. 
50.4 months (p < 0.001)62.

Non-pharmacological therapies for IPF in-
clude pulmonary rehabilitation and occupa-
tional therapy to provide advice on energy 
conservation in activities of daily living and 
stress management, and ambulatory oxygen 
to improve exercise capacity and to facilitate 
activities of daily living in order to improve 
quality of life63. Oxygen should be indicated for 
exercise (with a six-minute walk showing the 
magnitude of exercise-induced desaturation 
and indicating the required level of oxygen 
supplementation) and during sleep because 
nocturnal hypoxemia is common and may 
impact on quality of life63. 
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