
Historically, idiopathic pulmonary
fibrosis was thought to be a deleterious
consequence of persistent lung inflam-
mation that followed an unknown
insult. However, the growing recogni-
tion that foci of proliferating fibrob-
lasts are more prominent than evidence
of inflammation in lung tissue (1), as
well as the lack of efficacy of anti-
inflammatory drugs in the majority of
affected patients, has led to a focus on
the fibrotic pathway itself (2).

At first blush, the article by Kolb et al.
in this issue of the JCI (3) might sug-
gest that we may have discounted
inflammation too hastily. The authors
show that treatment of rats with a sin-
gle dose of a recombinant adenovirus
encoding the cytokine IL-1β, a central
regulator of acute inflammation (4),
leads to a progressive form of pul-
monary fibrosis that continues over at
least 60 days. Importantly, this pro-
gression is not due to any persistent
effects of IL-1β itself, since, as expected
with adenovirus infection, IL-1β
expression is only increased transient-
ly, returning to near base-line values by
14 days after infection. In contrast, pul-
monary fibrosis (as determined by
increases in lung hydroxyproline con-
tent) is not apparent until day 21 and
dramatically increases thereafter. Thus,
IL-1β can be added to a short list of
agents, including the cytotoxic drug
bleomycin (5), ligands of the Fas death
receptor (6), and the cytokine TGF-β1
(7), that can bypass the normal repair
process and initiate a self-perpetuating
cycle of pulmonary fibrosis.

Should the article by Kolb et al. (3)
rekindle enthusiasm for focusing on
acute inflammation in our efforts to
better understand the mechanisms
underlying diseases characterized by
progressive pulmonary fibrosis? I think
not. Although severe acute inflamma-
tion occurred in response to IL-1β, the

inflammatory response had resolved by
the time fibrosis became apparent and
was thus not required for subsequent
progression. Although the mechanisms
by which IL-1β leads to progressive
fibrosis were not clearly defined, the
presence of progressive lung fibrosis
well after IL-1β concentrations had
returned to base line suggests that tran-
sient overexpression of this cytokine
resulted in dysregulation of processes
needed for normal lung repair.

There are at least two possible expla-
nations for the findings in this study.
The first is that IL-1β itself somehow
reprograms one or more lung cell to
continuously produce increased con-
centrations of profibrotic cytokines,
especially TGF-β1. This is an attractive
hypothesis, since several lines of evi-
dence suggest that TGF-β1 is a central
regulator of pulmonary fibrosis (8, 9).
Indeed, since substantial TGF-β1 is
present in latent form in the lungs of
healthy adults, pulmonary fibrosis can
result from local activation of the
latent cytokine (10) (e.g., through the
action of the epithelial integrin αvβ6
[ref. 11]), even in the absence of any
increase in TGF-β protein expression.

An alternative explanation might be
derived from examination of normal
lung development. The mammalian lung
depends on a spatially complex and
structurally fragile architecture to per-
form its essential function of gas
exchange. Amazingly, this exquisitely pre-
cise structure can reform in adults fol-
lowing formidable injuries by microor-
ganisms, environmental insults, or
blood-borne toxins. It is thus apparent
that the lung microenvironment has a
robust capacity to recapitulate at least
some of the developmental programs
that generated this complex structure in
the first place. How then, are compo-
nents of this developmental process reac-
tivated to effectively repair severely
injured lungs of patients recovering from
overwhelming bacterial pneumonia or
the acute lung injury of sepsis? What fails
in the less frequent cases when progres-
sive, fatal lung fibrosis ensues? Herein lie
the central issues facing physicians and
scientists trying to understand pul-
monary fibrosis and to improve methods
for treating affected patients.

Although many of the details of
normal lung development remain to
be fully elucidated, it is quite clear
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Figure 1
A few of the inductive and inhibitory signals involved in normal lung development. Some of the
same signals are likely to be required for normal lung repair.

See related article, pages 1529–1536.



that a central feature is a network of
reciprocal inductive and inhibitory
signals involving at least mesenchy-
mal cells, pulmonary epithelial cells,
and components of the ECM (Figure
1) (12). During development, tight
spatial and temporal regulation of
this cellular conversation is essential,
and the balance of inputs from mes-
enchyme and epithelium is crucial.
Thus, either overexpression or inhibi-
tion of some of the critical products of
either cell type — e.g., members of the
TGF-β (13), Hedgehog (14), or FGF
families (15) — can dramatically dis-
rupt lung development. In this con-
text, the role of IL-1β in the model
described by Kolb et al. (3) could be
principally to induce sufficiently
severe acute inflammation to cause
complete or disproportionate loss of
epithelial or mesenchymal cells or of
the ECM proteins required to induce
normal repair. Indeed, with the excep-
tion of TGF-β1, each of the stimuli
known to cause dramatic and pro-
gressive pulmonary fibrosis in rodent
models (bleomycin, fas ligation, and
IL-1β overexpression) appears to share
the ability to cause cell death and loss
of structural integrity of alveoli. The
remarkable ability of the adult lung to
repair itself suggests that substantial
loss of alveolar integrity can still allow
the normal developmental reciprocal
inductive program to proceed. How-
ever, this program presumably
depends on some threshold or a com-
bination of surviving mesenchymal
cells, epithelial cells, and perhaps
ECM components. Either death of
cells or destruction of the matrix of
sufficient scale is likely to perturb this

cellular conversation and result in the
dysfunctional repair process that
characterizes pulmonary fibrosis.

As we evolve a more detailed under-
standing of which features of normal
development are required for normal
lung repair, more sophisticated models
will emerge. For example, factors that
enhance production and/or activation
of TGF-β1 could tip the balance toward
inhibition of epithelial proliferation and
enhancement of both fibroblast prolif-
eration and matrix production. In the
absence of counterbalancing signals
from the epithelium, a positive feedback
loop could ensue. This loop would be
reinforced both by TGF-β inducing its
own expression (16) and by its ability to
upregulate expression of the αvβ6 inte-
grin (17), thereby enhancing its own acti-
vation. A better understanding of how
normal development is regulated and
the existence of models of dysregulated
development, such as the one described
by Kolb et al. (3), are likely to provide
fruitful opportunities to improve our
understanding of the largely untreatable
group of disorders characterized by pro-
gressive pulmonary fibrosis.
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