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PERSPECTIVE

ldiopathic pulmonary fibrosis: multiple
causes and multiple mechanisms?

T.M. Maher**, A.U. Wells* and G.J. Laurent*

ABSTRACT: Idiopathic pulmonary fibrosis (IPF) is a devastating condition that carries a
prognosis worse than that of many cancers.

A recent classification of the idiopathic interstitial pneumonias has redefined the diagnostic
criteria necessary to determine a diagnosis of IPF. The present authors believe that this
redefinition is incorrect, relying as it does on subtle histological differences for the definition of
separate disease categories.

A further issue affecting IPF research is the polarisation of views around two competing
pathogenetic hypotheses. One argues for the primacy of inflammation as the trigger that initiates
fibrosis, and the other proposes that fibrosis arises as a consequence of chronic epithelial injury
and failure of repair due to aberrant epithelial-mesenchymal interactions. The present authors
believe that this schism is hampering understanding of IPF and skewing research priorities.

It is argued here, instead, that abnormalities in multiple pathways involved in wound healing
and inflammation lead to the development of idiopathic pulmonary fibrosis, and it is suggested
that a new rationale for clinical classification and pathogenesis may be more productive in driving

the search for novel therapies in the future.

KEYWORDS: Classification, diagnosis, idiopathic pulmonary fibrosis, nonspecific interstitial

pneumonia, pathogenesis

devastating, progressive fibrotic lung condi-

tion that carries a median survival of 2.8-
4.2 yrs, and for which no effective treatments
exist [1, 2]. Ongoing scientific and clinical
research is crucial if the pathogenesis of IPF is
to be understood and effective therapies discov-
ered. However, two controversies are currently
hampering efforts to better understand IPF. First,
the 2002 American Thoracic Society (ATS)/
European Respiratory Society (ERS) consensus
document on the classification of the idiopathic
interstitial pneumonias (table 1) has, the present
authors believe incorrectly, altered the diagnostic
criteria necessary for the diagnosis of IPF [1].
Secondly, two competing pathogenic hypotheses
are skewing research priorities. In the present
article, both of these issues are addressed and
possible solutions suggested.

I diopathic pulmonary fibrosis (IPF) is a

WHAT IS IPF?

The ATS/ERS classification defines IPF as “‘a
specific form of chronic fibrosing interstitial
pneumonia of unknown aetiology, limited to
the lung and associated with the histological

EUROPEAN RESPIRATORY JOURNAL

entity of usual interstitial pneumonia” [1]. Thus
usual interstitial pneumonia (UIP) and IPF are
now seen by many as synonymous terms. The
most contentious aspect of the new classification
was the adoption of the histological lesion of
nonspecific idiopathic interstitial pneumonia
(NSIP) as a distinct disease. Unlike the other
idiopathic interstitial pneumonias, however,
NSIP does not exhibit a clinical phenotype that
distinguishes it from UIP/IPF. The present
authors contend that highlighting subtle histolo-
gical differences between UIP and NSIP and
using these to define separate clinical entities is
incorrect and is hindering attempts to better
understand the pathogenesis of fibrotic lung
disease.

There is strong evidence that different diseases
with defined aetiologies may result in the same
histological picture. Connective tissue diseases,
hypersensitivity pneumonitis, asbestosis and
sarcoidosis may progress to cause the histological
lesion of UIP [1]. Connective tissue disease,
hypersensitivity =~ pneumonitis, drug-induced
lung disease, resolved acute respiratory distress
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syndrome and some cases of cryptogenic organising pneumo-
nia may all produce a histological picture of NSIP [1, 3].
Fibroblastic foci, the cardinal feature of UIP, also occur, albeit
less frequently, in NSIP. Furthermore, UIP and NSIP are
frequently found affecting the same individual when lung
biopsy samples are taken from different sites in patients with
IPF [4].

Overall, the prognosis for patients with NSIP on biopsy is
better than that for patients with UIP (median survival 33
versus 56 months) [5]. However, histology is not the sole
determinant of disease outcome. LATSI ef al. [5] have shown
that mortality during the first 2 yrs following diagnosis is
primarily linked to severity of pulmonary function impairment
and not to histological diagnosis. Furthermore, patients with
UIP on biopsy but an indeterminate or NSIP appearance on
high-resolution computed tomography (HRCT) have a better
prognosis than those with UIP and a typical IPF appearance on
HRCT [6]. Another recent observation is that disease progres-
sion in IPF, rather than always being gradual and progressive,
frequently occurs through a series of rapid stepwise deteriora-
tions [7]. These apparent acute exacerbations of IPF are
characterised on biopsy by the appearance of diffuse alveolar
damage, the histological lesion of acute interstitial pneumonia
[7]. This coexistence of histological patterns and disease
behaviour challenges classical thinking concerning the sepa-
rate and unrelated nature of these conditions (fig. 1).

Familial IPF may manifest as either UIP or NSIP in different
members of the same affected family. A recent study of gene
expression profiling in UIP and NSIP of either familial or
nonfamilial origin found only minor gene expression changes
between sporadic UIP and sporadic NSIP cases but much
greater variation between familial and nonfamilial cases [8]. In
an earlier study, SELMAN et al. [9] demonstrated significant
gene expression profile differences between UIP and hyper-
sensitivity pneumonitis, but found cases of NSIP with a profile
indistinguishable from that of UIP. These data provide
compelling evidence for the idea that a single disease entity
may be responsible for causing a spectrum of histological
abnormality.

The overlap of histological entities, the effects of HRCT
appearance and lung function on disease outcome, gene
expression profiles and the lack of an NSIP clinical phenotype
are strong arguments against limiting the diagnosis of IPF to
the histological picture of UIP. The present authors believe that
idiopathic UIP and idiopathic NSIP, sharing a common clinical
phenotype, form a spectrum of disease with a common
pathogenesis. It is their belief that the classification of the
idiopathic interstitial pneumonias should, in future, aim to
categorise diseases on the basis of common pathogenetic
mechanisms. Gene expression profiling offers the tantalising
prospect of providing a new gold standard for the diagnosis of
IPF. However, given the current absence of a definitive gold
standard test, classification should incorporate clinical, radi-
ological and pathological aspects of disease manifestation and
behaviour. By relying on this combined approach to classifica-
tion, it is to be hoped that all points along the phenotypic
continuum of disease representing IPF can be recognised,
something that is crucial to the ongoing success of both clinical
and basic scientific research into this devastating disease.
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Key features of the idiopathic interstitial pneumonias, as defined by the American Thoracic Society/European Respiratory Society consensus classification [1]

TABLE 1

Acute interstitial

NSIP Respiratory bronchiolitis- DIP LIP Cryptogenic organising

Idiopathic pulmonary

pneumonia

pneumonia

associated ILD

fibrosis

Diffuse alveolar damage

LIP Organising pneumonia

NSIP Respiratory bronchiolitis ILD DIP

UIP

Histological lesion

Temporally uniform lesion

Dense interstitial Organising intraluminal

lymphoid infiltrate, type

Diffuse macrophage
accumulation in distal

Temporally Patchy bronchiolocentric
distribution of mild fibrosis,

homogeneous interstitial

Patchy subpleural fibrosis

Key histological

with alveolar septal

fibrosis with patchy but

with temporal and spatial

features

airspaces with Il cell hyperplasia and temporally uniform thickening, airspace

submucosal lymphocytic
infiltrate and pigmented

fibrosis, often with

heterogeneity; fibroblastic
foci are typically observed

filling and hyaline
membranes; later

underlying lung

architecture preserved

occasional lymphoid  distribution;

accompanying alveolar

associated
mild-to-moderate

follicles

septal thickening and

macrophages within alveolar

at the leading edge of
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FIGURE 1. a) The paradigm suggested by the current classification system is
one of separate injuries giving rise to separate histological lesions and hence
separate diseases. b) The present authors propose that the same injury may result

Injury

Injury

in one or a combination of histological lesions that, when sharing a common clinical
phenotype, represent the single disease idiopathic pulmonary fibrosis (IPF). NSIP:
nonspecific interstitial pneumonia; UIP: usual interstitial pneumonia; DAD: diffuse
alveolar damage; AIP: acute interstitial pneumonia.

PROGRESS IN THE UNDERSTANDING OF THE
PATHOGENESIS OF IPF

Since the mid-1980s, remarkable strides have been made in the
understanding of the pathogenesis of IPF. Initial pathogenetic
hypotheses were shaped largely by concepts developed from
studies of wound models. It was believed that, in fibrosis, an
exaggerated and uncontrolled healing response occurs, in
which the key initiating features are inflammatory cell influx
and release of pro-fibrotic products [10]. It was this view that
led to the belief that fibrosis could be prevented through
inhibition of the inflammatory response, and this rationale still
underpins the continued use of corticosteroids and azathio-
prine as the first-line therapy for IPF [1]. Recently, the
argument that inflammatory cells drive fibrosis has come
under scrutiny. A growing body of researchers now argue that
fibrosis proceeds independently of inflammatory events.
Instead, they suggest that fibrosis develops as the consequence
of aberrant epithelial and epithelial-mesenchymal responses to
chronic alveolar epithelial injury [11].

IPF: MULTIPLE CAUSES AND MULTIPLE PATHWAYS?

Mammalian defence mechanisms have evolved multiple
molecular pathways and mechanisms for the elaboration and
resorption of wounds. The process of evolution has created
considerable pleiotropism, as well as much redundancy, in cell
signalling and wound healing pathways. It is the present
authors’ belief that IPF develops as a consequence of
abnormalities occurring in multiple biological pathways that
affect inflammation and wound repair. A consequence of
evolutionary adaptation is that major abnormalities in single
key molecules can be compensated for by the recruitment of
otherwise redundant mechanisms. It is often only when errors
occur in multiple pathways that protective mechanisms are
overcome and disease develops. The idea of multiple hits has
best been elucidated in malignancy, where it has been
demonstrated that somatic mutations in a sequence of key
oncogenes are required before malignancy develops [12]. Even
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in the best-characterised malignancies, the sequence of muta-
tions that result in the same disease varies between individuals
[13]. Furthermore, in a number of different cancers, this
variation has been shown to affect the response to specific
anticancer drugs [14].

It is now clear that both individual susceptibility to IPF and the
pattern of disease behaviour and progression are linked to
patient genotype [15]. A number of investigators have under-
taken an extensive search for fibrosis genes. A range of
polymorphisms have been related to susceptibility to IPF, and
to disease severity and progression [15]. Furthermore, tentative
evidence has been published suggesting that somatic gene
mutation plays a role in the development of IPF [16, 17].

The trigger that initiates the development of fibrosis in IPF
remains unknown. However, there is increasing evidence that
a wide range of potentially injurious factors may play a role in
the initiation and progression of IPF [18, 19]. A dispropor-
tionate number of patients with IPF have smoked heavily [1].
Oxidative stress, environmental pollutants and dusts have all
been implicated as potential causes of IPF [18]. Studies of viral
respiratory tract infection in patients with IPF suggest an
increased prevalence of past infection [19]. Furthermore, there
is some suggestion that IPF patients have suffered infection
with specific subtypes of virus particularly associated with the
induction of somatic mutation [19].

Following injury, the present authors propose that a multiple-
pathway mechanism is at play in the pathogenesis of IPF
(fig. 2). A range of molecular abnormalities that can result in
fibrosis are now well characterised. The clotting cascade,
antioxidant pathways, apoptosis, inflammatory cytokines,
angiogenesis and vascular remodelling, growth factors, sur-
factant and matrix regulatory factors have all been implicated

| Particulates, chemicals, autoimmune events, viruses |

Injury
Activation (Coagulation a(gt)i(g?g;;t l . immune

cascades l

Profibrotic mediators:\/Antifibrotic mediators:
Imbalance CTGF, TGF-B, PDGF, PGE,, IFN-y
thrombia, FXa l

Endothelium EMT, transdifferentiation, proliferation,
Epithelium extracellular matrix production,
Fibroblasts apoptosis
Fibrosis

Excessive extracellular matrix deposition

FIGURE 2. Anew model for the pathogenesis of idiopathic pulmonary fibrosis:
injury activates multiple inflammatory, cell signalling and repair pathways. Activation
of these cascades causes an imbalance in pro- and antifibrotic mediators. In turn,
these mediators activate multiple cell types, causing changes in cellular functioning
and cell-cell interactions that ultimately result in progressive fibrosis. Th: T-helper
cell; CTGF: connective tissue growth factor; TGF-B: transforming growth factor-f;
PDGF: platelet-derived growth factor; FXa: factor Xa; PG: prostaglandin; IFN-y:
interferon-y; EMT: epithelial-mesenchymal transition.
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in fibrosis in animal models [20-23]. Furthermore, these
cascades initiate changes in the behaviour and morphology
of multiple cell types, including epithelial cells, fibroblasts,
endothelial cells, resident and migratory inflammatory cells,
and, as has recently been described, circulating fibroblast
progenitor cells (fibrocytes) [20-25]. Evidence for the relative
roles of these key pathways and the interactions between
different cell types in the pathogenesis of fibrosis in humans is
gradually emerging [20-25].

As is the case in other complex diseases, the present authors
believe that the balance of abnormalities in each of these key
pathways may vary between affected individuals. This would
explain the range of clinical, radiological and pathological
phenotypes observed in IPF. Current thinking in IPF has
tended to focus on individual mediators of fibrosis or single
pathways linked to fibrogenesis. The limitations of this model
have been reflected in disappointing trials of therapy targeting
individual disease pathways [26, 27]. Ongoing adherence to
this approach threatens to affect the development of future
therapies and therapeutic strategies. The present authors
believe that adopting a multiple-pathway model for under-
standing the pathogenesis of IPF would facilitate a future
research approach better suited to the understanding of this
complex disease. Furthermore, if the multiple-pathway
hypothesis is correct, it seems likely that the most effective
approach to treatment would be to target multiple fibrosis
pathways simultaneously. This approach to treatment is
analogous to that used in the treatment of many cancers.
Furthermore, as with many cancers, individualisation of
treatment on the basis of each patient’s predominant pathoge-
netic pathway may become possible as a deeper understanding
of the balance of abnormalities that result in pulmonary
fibrosis is developed.

CONCLUSION

Idiopathic pulmonary fibrosis is a devastating condition. Clear
classification of idiopathic pulmonary fibrosis is hindered by
the lack of a gold standard test. Future attempts to classify the
idiopathic interstitial pneumonias should take into account
clinical and radiological manifestations of disease rather than
relying simply on subtle histological differences as a basis for
the definition of separate disease entities. An understanding of
the full spectrum of disease encompassed by idiopathic
pulmonary fibrosis would facilitate better understanding of
its pathogenesis. However, the dogmatic insistence that a
single pathway holds the key to the pathogenesis of idiopathic
pulmonary fibrosis represents a barrier to the future success of
research into idiopathic pulmonary fibrosis, and is likely to
hinder the ongoing search for treatments. A multiple-pathway
model of disease pathogenesis better explains the currently
available evidence and provides a rationale for adopting an
approach to treatment that targets multiple fibrosis cascades
simultaneously.
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