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Editorials

New insights into the pathogenesis of interstitial pulmonary
fibrosis

The interstitial lung diseases are a heterogeneous group of
disorders characterised by diffuse and often progressive
lung parenchymal inflammation and fibrosis which can
result in severe impairment of respiratory function and
eventual respiratory failure.'2 Although many aetiological
factors of interstitial lung fibrosis have been identified, in
many instances the cause of these disorders remains
unknown. Regardless of the causative agent, however, a
common pathological feature is the thickening of the
alveolar septum with considerable accumulation of fibrotic
tissue3 and variable degrees of inflammatiory cell infil-
tration and alveolar collapse. The importance of the inflam-
matory component in interstitial lung diseases has been
emphasised by Crystal et al4 and it has been suggested that
alveolar inflammation secondary to various endogenous
and exogenous stimuli may initiate the fibrotic process.5
Despite intensive recent investigations on various aspects
of the interstitial pulmonary diseases in man7 and the
study of several animal models that mimic certain features
of the human disease,8 the mechanisms responsible for the
excessive accumulation of fibrous tissue in the alveolar
walls have not been completely elucidated. Furthermore,
it is not known at present if the development of alveolar
fibrosis in all forms of interstitial lung disease, including
idiopathic pulmonary fibrosis, is the result of a common
pathological event.
Normal fibroblasts are capable of regulating collagen

production according to the dynamic requirements of the
extracellular matrix during development, differentiation,
and repair.912 There are three general mechanisms by
which the production of these macromolecules can be
controlled: (1) transcriptional regulation of collagen gene
expression; (2) control of mRNA translation; and (3)
variation in the fraction of the newly synthesised collagen
which is degraded before it is secreted out of the cell.
Although it is well recognised that modulation of the
rates of translation of mature RNA collagen transcripts,
as well as regulation of the intracellular degradation of
newly synthesised collagen, may have important roles in
determining the net amount of collagen produced by a
given cell, we have recently shown that transcriptional
regulation of procollagen genes is the most important
mechanism (Diaz and Jimenez, unpublished observa-
tions).
The upstream elements of the type I procollagen genes

(COLlAl and COL2A2) are principal targets for the
action of promoter-specific transcription factors.'2 These
factors may affect the initiation of the transcription com-
plex itself. Alternatively, transcription factors may act by
several mechanisms further upstream of the initiation
complex and may exert either stimulatory or inhibitory
influences on the rate of transcription of these genes.

Indeed, both stimulatory and inhibitory DNA binding
proteins that modulate specifically collagen gene trans-
cription have been described and characterised.'1-6 Trans-
cription factors may also bind to enhancer elements
within the first intron of these genes to bring about
transcriptional regulation.'7'19 The studies of the effects of
transcriptional/DNA binding factors on the collagen gene
promoter regions indicate that the mechanisms involved
are very complex and undoubtedly influence the tissue
specificity and the levels of procollagen gene expression in
response to internal and/or external perturbations.

In addition to DNA binding factors that interact with
promoter and enhancer elements within the collagen
genes, other mechanisms may account for alterations in
transcriptional regulation; these include the structure of
the chromatin surrounding gene promoter regions and the
levels of methylation of the upstream regulatory regions of
the genes. The upstream sequences of actively transcribed
genes often contain regions of DNAse I hypersensitivity
which may represent nucleosome-free regions that can
interact with various regulatory proteins, thus controlling
the level of expression of a given gene. Indeed, discrete
chromatin domains have been identified in the chromatin
surrounding the mouse al(I) procollagen gene promoter.20
Furthermore, an examination of the methylation pattern
of the human COLlAl suggested that DNA methylation
may be an important mechanism of transcriptional inacti-
vation of interstitial collagen genes.2'

Despite the recent advances in the understanding of the
regulation of transcription of the genes encoding intersti-
tial collagens under physiological conditions, very little
has been learned regarding the intimate mechanisms re-
sponsible for the pathological increase in their expression
in fibrotic diseases in general, or in idiopathic pulmonary
fibrosis in particular. The possibility that a viral agent may
be the cause of some diseases that are accompanied by
tissue inflammation and fibrosis, such as certain auto-
immune diseases, has long been suspected.2223 It is con-
sidered that approximately 5% of the human genome is of
viral origin that has been integrated through reverse
transcription. These viral sequences can eventually
become expressed and lead to the production of viral
proteins which, in turn, may influence the expression of
host cellular genes by disruption of their structure or by
regulation of their transcription. For example, it has been
shown that two proteins encoded in the genomes of the
slow retrovirus HIV-I and the oncovirus HTLV-I, known
as Tat and Tax respectively, may affect the expression of
several cellular genes. HTLV-I Tax induces the expres-
sion of IL-2,24 IL-2 receptor,2425 granulocyte-macrophage
colony stimulating factor, IL-1, IL-6, platelet derived
growth factor 1, transforming growth factor (TGF-P),2627
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and interferon y.28 On the other hand, HIV-I Tat is able to
induce the expression of tumour necrosis factor a29 and
TGF-, 30
The effects of the retroviral proteins on the expression

of important cytokines that are involved in the regulation
of various immune functions, as well as in the modulation
of expression of genes encoding extracellular matrix pro-
teins, provide a possible mechanism for the participation
of retroviruses in the pathogenesis of lung fibrosis. The
induction of TGF-1 by Tat provides a link between
retroviral infection and our recent findings of in vitro
activation of expression of collagen and fibronectin genes
by Tat3l and Tax.32 The potential of retroviruses to alter
the expression of extracellular matrix protein genes has
also been shown in vivo as indicated by the development of
glomerulosclerosis in mice transgenic for a non-infectious
form of HIV-I.3 The mechanisms responsible for the
stimulation of expression of the genes encoding extracellu-
lar matrix proteins by Tat or Tax are not known. The
promoters of these genes contain sequences that are recog-
nised by numerous transcriptional factors. It is possible
that Tat or Tax proteins trans-activate these genes
through stimulation of the activity of trans-acting DNA
binding regulatory proteins that recognise sequences at
any of these sites. It is also likely that indirect pathways
may be involved - for example, through the induction of
genes that increase the expression of extracellular matrix
proteins such as TGF-1.

It is therefore becoming apparent that stimulation of the
expression of genes encoding extracellular matrix proteins
by products of viral genes may represent a potentially
important mechanism in the pathogenesis of fibrotic dis-
eases including idiopathic pulmonary fibrosis. In a very
elegant study reported in this issue of Thorax Matsui and
coworkers34 investigated the regulation of collagen gene
expression in cultures of neonatal type II alveolar cells
immortalised by retroviral mediated transfer of the adeno-
viral Ad12SE1A gene. Their results indicate that 12SE1A
gene transfer causes the production of large amounts of
type I collagen with a predominance of a,(I) trimer mol-
ecules by the immortalised type II cells. These studies are
very important on several accounts. Firstly, they provide
evidence that type II alveolar cells, which are known to
produce several types of extracellular matrix proteins,
including the basement membrane component type IV
collagen, but which are not capable of production of the
interstitial type I collagen, under certain circumstances
may be induced to change their biosynthetic programme
and may initiate the synthesis of mesenchymal cell specific
proteins. Secondly, these studies show that, although
expression of viral proteins in mesenchymal cells almost
invariably causes a marked inhibition of type I collagen
production, certain viral products such as those encoded
by the adenovirus gene 12SE1A may result in increased
production of type I collagen. Furthermore, these effects
appear to be exerted at the transcriptional level and to be
mediated by specific sequences within the promoter of the
genes encoding type I collagen. Thirdly, the evidence
presented by Matsui et al also indicates that the extracellu-
lar matrix produced by the immortalised alveolar type II
cells containing almost exclusively al(I) trimer collagen
molecules may have an abnormal structure that is distinct
from that produced by normal mesenchymal cells. The
matrix enriched for a,(I) trimers may have peculiar
properties regarding important processes such as collagen
degradation, cell adhesion, and migration.
The studies of Matsui et al therefore provide additional

support to a growing body of evidence indicating that the
expression of proteins encoded by nucleotide sequences of
viral origin in mesenchymal and epithelial cells could

result in their activation regarding extracellular matrix
production. Thus, a working hypothesis to explain the
pathogenesis of idiopathic pulmonary fibrosis and other
fibrotic lung diseases is emerging. This hypothesis postu-
lates that the expression of viral genes could enhance the
promoter activity of genes that play a crucial role in the
initiation and/or progression of tissue fibrosis such as
those encoding extracellular matrix proteins, cytokines
and growth factors, and their receptors. Furthermore,
expression of viral genes may result in molecular changes
in T cells, macrophages or endothelial cells, such as
aberrant oncogene expression,3536 induction of immediate
early genes,37 and alterations in the patterns of integrins
and cell adhesion proteins expressed in their surfaces. A
cascade of secondary effects may then be triggered result-
ing in the excessive connective tissue production and
cellular immune dysfunction characteristic of idiopathic
pulmonary fibrosis and other fibrosing diseases affecting
the lungs. Of relevance to this concept are the recent
descriptions of the occurrence of severe pulmonary hyper-
tension associated with perivascular fibrosis in pulmonary
vessels in some patients with HIV infection,38 and of the
presence in sera from certain patients with scleroderma (a
disease that frequently causes pulmonary fibrosis) of anti-
bodies to the p245a5 nucleocapside protein of HIV-I.39 The
observations of Matsui et al strongly support the hypo-
thesis that expression of viral proteins may be involved in
the development of certain forms of interstitial lung fibrosis
in humans.
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