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Molecules in focus

Idiopathic pulmonary fibrosis: new insights in its pathogenesis
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Abstract

Idiopathic pulmonary fibrosis (IPF) is a unique type of chronic fibrosing lung disease of unknown etiology. The sequence
of the pathogenic mechanisms is unknown, but the disease is characterized by epithelial injury and activation, the formation
of distinctive subepithelial fibroblast/myofibroblast foci, and excessive extracellular matrix accumulation. These pathological
processes usually lead to progressive and irreversible changes in the lung architecture resulting in progressive respiratory
insufficiency and an almost universally terminal outcome in a relatively short period of time. While research has largely
focused on inflammatory mechanisms for initiating the fibrotic response, recent evidence strongly suggests that disruption of
the alveolar epithelium is an underlying pathogenic event. Although treatment to date has proved largely ineffective, this new
approach has opened up several promising therapeutic avenues.
© 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Pulmonary fibrosis is the final common pathway of
a diverse group of lung disorders known as interstitial
lung diseases (ILD). Although ILD are different in a
variety of features, they are grouped together because
they share many clinical, radiographic and physiolo-
gical characteristics. One of the most common and by
far the most aggressive ILD is idiopathic pulmonary
fibrosis (IPF), which represents a chronic, progres-
sive and usually lethal lung disorder of unknown
etiology.
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IPF has been reported world-wide and does not
have predilection by race or ethnicity. Patients with
IPF are usually 50–70 years of age at presentation, and
the incidence is estimated at 7–10 cases per 100,000
per year. The accurate diagnosis of IPF requires a
compatible clinical history, the exclusion of other
known causes of ILD (such as drug injuries, envi-
ronmental exposures, or collagen vascular diseases)
and a surgical lung biopsy showing the characteris-
tic histopathologic picture known as usual interstitial
pneumonia.

It is important to emphasize that while most of ILD
patients present a heterogeneous clinical behavior, that
is, may heal, improve, or evolve to fibrosis, IPF always
progress to destruction of the lung parenchyma[1].
Accordingly, the challenge is to understand why most
subacute/chronic diffuse inflammatory lung disorders
often respond to therapy while this does not occur in
IPF.
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2. Is inflammation a pathogenic mechanism in the
development of IPF?

For a long time it has been assumed that chronic
alveolitis precedesthe fibrotic response and plays a
major role in IPF lung fibrogenesis. However, sev-
eral lines of evidence suggest that inflammation is
not an important pathogenic event in IPF. Evidence
includes the presence of similar mild/moderate alve-
olitis either in early or late disease, and the lack of
response to potent and long-term anti-inflammatory
therapy [1]. Additionally, experimental models and
some human diseases show that it is possible to have
an inflammation-independent fibrosis.

In this context, two different routes for develop-
ing diffuse pulmonary fibrosis have been proposed

Fig. 1. Hypothetical scheme of the two pathways leading to lung fibrosis. An initial injury of known or unknown etiology provokes an
unresolved inflammation or alveolar epithelial cell activation. Inflammatory and epithelial cells release cytokines/growth factors inducing
fibroblast migration and proliferation and changes in cell phenotype (myofibroblasts). In the microenvironment of the injured lung,
myofibroblasts may induce epithelial cell apoptosis, basement membrane disruption and aberrant extracellular matrix remodeling.

(Fig. 1): (a) the inflammatory pathwayrepresented by
almost all the non-IPF ILD, where there is an early,
clearly distinguishable phase of alveolitis, followed
by a subsequent fibrotic phase, and (b)the epithelial
pathway, represented by IPF[1].

2.1. The epithelial pathway: the forgotten
mechanism in the pathogenesis of IPF

Although several studies performed in experimen-
tal models, mainly of acute lung injury, emphasized
about the importance of the alveolar epithelium for
normal repair[2,3], the prevailing hypothesis regard-
ing IPF has been that the disease is due to a chronic
unsolved inflammatory response, and in this context,
the possible role of epithelium was largely neglected.
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However, a marked disruption in the integrity of
the alveolar epithelium with the presence of several
altered phenotypes is a distinctive feature in any stage
of IPF. In addition, numerous microscopic areas of
alveolar epithelial cell dropout, often intercalated with
hyperplastic cells, are usually noted mainly in areas of
fibroblastic foci. In other words, an evident disarrange-
ment in IPF lungs is a profound defect in the ability to
conduct appropriate re-epithelialization. This patho-
logical process together with the disruption of the ep-
ithelial basement membrane enhances the migration of
fibroblasts into the alveolar spaces and the subsequent
accumulation of intra-alveolar extracellular matrix.

In addition, numerous studies have demonstrated
that activated alveolar epithelial cells in IPF lungs syn-
thesize a variety of profibrotic molecules. For exam-
ple, tissue factor and plasminogen activator inhibitor
(PAI)-1 and (PAI)-2 may generate a procoagulant/
anti-fibrinolytic intraalveolar environment facilitating
an increased fibrotic response[4]. Thus, for exam-
ple, experimental models of lung injury, such as that
induced by nickel dust exposure, are characterized
by PAI activation and fibrinolisis inhibition, and sub-
sequently associated with excessive fibrin formation
and strong fibrotic reaction[5].

Additionally, there is increasing evidence demon-
strating that injured/activated alveolar epithelial cells
express a variety of cytokines and growth factors
involved in fibroblast migration, proliferation and
phenotype changes, and in extracellular matrix re-
modeling. Studies approaching cell localization by
immunohistochemistry and in situ hybridization have
demonstrated that in IPF lungs, alveolar epithelial
cells are the main site of synthesis of platelet-derived
growth factor, transforming growth factor beta, tumor
necrosis factor alpha, connective tissue growth factor,
and endothelin-1, key actors in the development of
pulmonary fibrosis[6–9]. Moreover, recent evidence
strongly suggests that alveolar epithelium contributes
in the generation of a Th2-like pattern of cytokine net-
work in the lung microenvironment. Therefore, while
in inflammatory ILD such as sarcoidosis and hyper-
sensitivity pneumonitis type II pneumocytes express
both interleukin-4 (IL-4) and interferon-� (INF-�), in
IPF lungs only IL-4, a profibrotic cytokine, appears
to be detectable[10].

All this data demonstrates that in IPF the alveolar
epithelial cells rather than the inflammatory cells are

the major players in the initiation of the fibrogenic
events.

2.2. Myofibroblastic foci: starting the irreversible
pathway to lung fibrotic destruction

An essential and distinctive morphological feature
in IPF is the development of the so-called fibrob-
lastic foci (Fig. 2), represented by widely scattered
small aggregates of subepithelial fibroblasts and my-
ofibroblasts immersed within a myxoid-appearing
extracellular matrix. These mesenchymal cells repre-
sent foci of organizing acute lung injury and actively
ongoing fibrogenic process and are characterized by
spindle-shaped cells usually arranged with their long
axis parallel to the long axis of the alveolar septa. The
presence of these foci is followed by the abnormal re-
modeling of the ECM and the subsequent destruction
of the lung architecture, and in this sense, they are con-
sidered as the key piece able to transform a potentially
reversible disorder to a progressive and irreversible
one. Actually, the amount of fibroblast/myofibroblast
foci are considered a major prognostic factor in IPF
patients[11]. However, the in vivo mechanisms lead-
ing to the activation of fibroblasts and the formation of
foci of myofibroblasts in the injured lung parenchyma
are still to be elucidated. By parallelism with skin
wound healing we can assume that fibroblasts first
take on a migratory phenotype, then a proliferative
phenotype, and finally a myofibroblast profibrotic
phenotype.

A critical issue is related to the persistence of
the myofibroblasts in the fibroblastic foci. Normally,
the resolution of normal wound healing includes
a progressive decrease of myofibroblasts through
apoptosis, and the question that arises is why this
process does not seem to occur in IPF although
IPF derived fibroblasts display an increased rate of
spontaneous apoptosis in vitro[12]. The reason for
this paradox is unknown, but it can be speculated
that the cytokine/growth factor/matrix network in
the IPF lung microenvironment facilitates myofi-
broblast survival in vivo. In this context, the notable
expression of tissue inhibitors of metalloproteinase
(TIMP-2) in the fibroblastic foci may be related to
longer survival since in addition to its MMP in-
hibitory function it is also able to induce proliferation
[13].
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Fig. 2. Subepithelial fibroblastic foci in an IPF lung. It can be noticed there are a large area of alveolar epithelial cell loss (arrow).

2.3. Fibroblastic/myofibroblastic foci
and lung fibrogenesis

The increase of myofibroblasts in injured lungs has
several deleterious effects, contributing on one hand
to the abnormal alveolar re-epithelialization, and on
the other to the excessive and disordered deposition
of extracellular matrix in the lung parenchyma.

Regarding the former, it has been demonstrated
that IPF fibroblasts produce angiotensin peptides
able to induce epithelial cell death in vitro, which
also probably occurs in vivo[14,15]. In addition,
IPF myofibroblasts synthesize gelatinases A and B,
two matrix metalloproteinases that degrade basement
membrane molecules, contributing to the failure of an
orderly repair of alveolar type I epithelial cells and
enhancing the migration of fibroblasts/myofibroblasts
into the alveolar spaces[13].

2.4. Collagenases and lung fibrosis:
location! . . . location!

The aberrant ECM remodeling is the final com-
mon feature of any fibrotic disorder, and some recent

evidence suggests a pivotal role for some MMPs and
their natural inhibitors, known as TIMPs[1,13]. Thus,
in vivo studies have surprisingly demonstrated that
interstitial collagenase (MMP-1), the enzyme that has
been claimed to be responsible for the degradation of
fibrillar collagens is highly upregulated in IPF lung
tissue. However, it is primarily located in reactive alve-
olar epithelial cells as well as bronchiolar epithelial
cells lining honeycomb cystic spaces, while interstitial
fibroblasts and tissue scar seem to be virtually free of
collagenases. By contrast, the four TIMPs are usually
in interstitial localization where extracellular matrix is
being accumulated. Moreover, in contrast to MMP-1,
fibroblasts/myofibroblasts obtained from IPF lungs
exhibited a marked upregulation of all four TIMPs
as compared with fibroblasts from normal lungs[12].
Therefore, it seems that a non-degrading fibrillar
collagen microenvironment is present in IPF lungs.

2.5. Therapy

At present, there is no effective drug therapy for
IPF and the patients usually progress showing a
fatal outcome in a few years. On the basis that IPF
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is an inflammatory process that evolves to fibrosis,
the natural choice for treatment has been the use of
corticosteroids and other immunosuppressive drugs.
However, there is no objective evidence of long-term
improvement, and this treatment is associated with
serious side effects. Therapies designed to inhibit fi-
broblast proliferation and ECM accumulation are now
being evaluated. Two of these agents are pirfenidone,
a novel anti-fibrotic drug found to reduce bleomycin
induced lung fibrosis, and have some effects in human
IPF, and interferon-� which in a double-blind trial was
demonstrated to induce a significant improvement in
lung function and symptoms[16]. Larger confirma-
tory trials are now running and in the near future we
will know how good these drugs are for IPF patients.

Another promising target is the alveolar epithelial
cell that, as mentioned, plays a major role in the
pathogenesis of IPF. Experimental evidence suggests
that some epithelial proliferating agents such as ker-
atinocyte growth factor or hepatocyte growth factor
may ameliorate the tissue fibrotic response[1]. In
this context, it is important to emphasize that proba-
bly no single agent is going to work in this disease
and that a combination, including agents blocking
fibroblasts and enhancing re-epithelialization, will be
necessary. Improvement of our knowledge about the
biopathological principles of the disease will increase
the opportunities of finding new agents.
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