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Inflammation and Pulmonary Fibrosis

Michael G. Crooks, Imran Aslam and Simon P. Hart
Hull York Medical School and Hull and East Yorkshire Hospitals NHS Trust,
United Kingdom

1. Introduction

The development of pulmonary fibrosis is the end point of a wide range of respiratory
diseases including organic and inorganic dust exposure, pulmonary infection, acute lung
injury, radiation, the idiopathic interstitial pneumonias (IIP), and connective tissue diseases.
The most common fibrotic lung disorder is idiopathic pulmonary fibrosis (IPF), an IIP with
the histological appearance of usual interstitial pneumonia (UIP). Formerly also known as
cryptogenic fibrosing alveolitis (CFA), the definition of this disease has evolved in recent
years to exclude fibrotic non-specific interstitial pneumonia (NSIP), a histological sub-type
of IIP with more diffuse interstitial pulmonary fibrosis, a different clinical course and better
prognosis than IPF. This change in definition must be considered when looking at historical
studies that grouped UIP and NSIP under the same umbrella term.
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Fig. 1. Usual Interstitial Pneumonia (UIP) on Lung Biopsy, demonstrating patchy

remodeling of lung architecture by fibrosis, fibroblastic foci, and a chronic inflammatory cell
infiltrate interspersed with areas of normal lung (upper left).

IPF carries a prognosis worse than many cancers with mean disease duration of 2.8 years
from diagnosis to death (Bjoraker et al., 1998). It typically presents with gradually
progressive shortness of breath with clinical signs including finger clubbing and fine
inspiratory crackles at both lung bases on auscultation. This devastating interstitial lung
disease leads to irreversible impairment of lung function with a restrictive defect on
spirometry and reduced gas transfer causing debilitating symptoms of shortness of breath
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100 Inflammatory Diseases — Immunopathology, Clinical and Pharmacological Bases

and cough, progressing to respiratory failure and ultimately death. The diagnosis is
multidisciplinary and is based on correlation of clinical and high resolution computed
tomography (HRCT) findings with lung biopsy being required only when the clinico-
radiological diagnosis is unclear. However, despite advances in recent years the pathogenesis
of IPF remains poorly understood with no established disease modifying treatment.

Fig. 2. Thoracic HRCT slice from a patient with IPF demonstrating bilateral peripheral and
basal fibrosis, with honeycomb cysts and traction bronchiectasis.

Early studies of IPF led to the classic hypothesis that chronic inflammation preceded the
development of fibrosis providing a window of opportunity for management with
immunosuppressant therapies (Crystal et al., 1976); however, this has been called into
question due to treatment regimens consisting of corticosteroids and other
immunosuppressants proving largely ineffective in altering natural disease progression and
subsequent mortality (Douglas et al., 2000). This has led to the development of a new
hypothesis focusing on the role of epithelial and/or endothelial injury and subsequent
aberrant wound healing/tissue repair independent of preceding inflammation (Strieter &
Mehrad, 2009). This modern hypothesis suggests that initial lung injury leads to loss of the
integrity of the alveolar-capillary basement membrane, failure of re-epithelialisation and re-
endothelialisation, and subsequent cytokine mediated fibroblast proliferation, activation
and differentiation into myofibroblasts with associated collagen deposition (Strieter &
Mehrad, 2009). Additionally, the origin of the fibroblast in IPF has been the subject of recent
research with the discovery of epithelial-mesenchymal transformation (EMT) (Chilosi et al.,
2003) and bone marrow progenitor cells (fibrocytes) that migrate to the lung prior to
differentiation into fibroblasts (Bucala et al., 1994).

However, there remains debate whether this shift in hypothesis based on a lack of
inflammation in the histological appearance of UIP and poor response to immunosuppressants
results in the role of inflammation being unfairly dismissed. Despite IPF appearing to be
rapidly progressive with early death it is important to consider that there may be a long
asymptomatic stage of disease that goes unrecognized prior to clinical diagnosis. The majority
of our understanding of IPF is based on animal models in which the aetiology is known or

www.intechopen.com



Inflammation and Pulmonary Fibrosis 101

in symptomatic patients who have UIP on lung biopsy. It is important to consider that this
only represents a “snap shot” of the disease in time and therefore fails to address the natural
progression of the disease from pre-symptomatic to end stage fibrosis and death. The pre-
symptomatic stage in which inflammation may play a central role is therefore neglected.
Indeed, it has been suggested that NSIP in which ground-glass opacification (a radiological
appearance suggested to correlate with inflammation) on HRCT is a prominent feature and
inflammation is noted on biopsy is not a distinct entity but represents a different time period
in the natural course of the disease with progression to UIP if left untreated. This is
supported by the coexistence of UIP and NSIP in biopsies from different lobes of 26% of
patients with IIP in a prospective study of histological variability in surgical lung biopsies
form multiple lobes (Flaherty et al., 2001). NSIP is believed to be more steroid responsive
and have a better prognosis than UIP and it could be argued that this is because NSIP
represents an earlier stage in the same disease process where inflammation has a role.
Additionally, dismissing the role of inflammation based on poor response to steroids fails to
recognize the possible deleterious effects that steroids can have on pulmonary epithelium
including reduced alveolar cell proliferation and increased apoptosis potentially negating any
benefit through reducing inflammation (Piguet, 2003). Indeed treatment with steroids has been
demonstrated to worsen lung injury caused by hyperoxia (Barazzone-Argiroffo et al., 2001).

It is therefore clear that the pathogenesis of IPF is incompletely understood and the role of
inflammation not fully established. This chapter will discuss the role of inflammation in IPF
exploring: inflammation in animal and human models of pulmonary fibrosis, the genetics of
inflammation in IPF, markers of inflammation in IPF, the immunology of pulmonary
fibrosis, pulmonary fibrosis and connective tissue disease, IPF and malignancy, and the role
of inflammation in fibrosis in other organ systems.

2. Models of inflammation and fibrosis

Inflammation is classically followed by repair, during which injured tissue is replaced by a
combination of regeneration of native cells and fibrosis (filling of the tissue defect with scar
tissue). In animal models of wound healing following tissue injury, the initial acute
inflammatory response is followed within 24-48h with initiation of healing. The healing
process is characterised by formation of granulation tissue in which macrophages persist and
there is proliferation of vascular endothelial cells and fibroblasts. Macrophages are key cells
linking inflammation with repair and fibrosis, mediated by release of growth factors including
epidermal growth factor (EGF), platelet-derived growth factor (PDGF), fibroblast growth
factor (FGF), and transforming growth factor-beta (TGF-B). Some fibroblasts bear the
hallmarks of activated, collagen-producing, contractile myofibroblasts. As healing progresses
there is an increase in extracellular collagen and reduced numbers of inflammatory cells,
regeneration of parenchymal cells, cell migration and proliferation, synthesis of matrix
proteins, and matrix remodelling.

A number of animal models of pulmonary fibrosis have been developed aiming to look at
the mechanisms of fibrotic responses. These models have individually identified several key
mediators, cells and processes involved in human fibrosis. A summary of a selection of
inflammatory mediators implicated in animal models of pulmonary fibrosis and the
resulting investigation in human disease are presented in Table 1. Moeller et al and more
recently Moore et al have summarised the various advantages and disadvantages of murine
models of pulmonary fibrosis (Moeller et al., 2006;Moore & Hogaboam, 2008).
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Paper Model (Species) Mediator Summary of Findings
Piguet et al., 1993 Bleomycin (Mouse) IL-1 Reduced collagen deposition measure
content on day 15 with IL-1 receptor a
Saito et al., 2008 Bleomycin IL-6 IL-6 deficient mice demonstrated redu
(B6.129S2-1l6tm1Kopf/ | Mice) measured by Sircol assay 21 days follc
bleomycin compared with wild-type ]
Nakatani-Okuda Bleomycin (C57BL/6 Mice) IL-18 Pre-treatment with intraperitoneal IL-

etal., 2005

Keane et al., 2001

King et al., 2009

Piguet & Vesin, 1994

Raghu et al., 2008

Jakubzick et al., 2003

Keane et al., 1999

Bleomycin (CBA/] Mice)

IPF (Humans)

Bleomycin & silica
(C57B1/10 and CBA /Ca Mice)

IPF (Humans)

Bleomycin (CBA/] Mice)

Bleomycin (CBA/] Mice)

Interferon gamma (IFN-y)

Interferon gamma-1b (IFN-y1b)

TNF-a

TNF-a

IL-4 and IL-13

Macrophage Inflammatory
Protein-2 (MIP-2)

content on day 21 following intratract

IL-12 administered days 1-12 post intr
resulted in reduced collagen depositic
hydroxyproline content on day 12 ass
IFN-y levels. IFN-y blockade reversed

Large randomised placebo controlled
IFN-y1b in IPF. Trial stopped early du
benefit.

Administration of the TNF-a antagon
TNFR-f on days 25-32 in the bleomyc
group resulted in significant reductio
measured by hydroxyprolline content

Randomised, double-blind placebo co
in IPF. There was no significant differ:
endpoints including rate of lung funct

Intranasal administration of IL-13 Pse
(IL-13 PE) between days 21 and 28 fol
bleomycin reduced IL-4 and IL-13 res;
fibrosis assessed by histological score:
measured by hydroxyproline content.

Reduced collagen deposition measure
content on day 20 following intratract
blocking antibodies

Table 1. Inflammatory mediators implicated in pulmonary fibrosis in animal models, and human cl
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2.1 Bleomycin

Bleomycin induced lung fibrosis in mice is the most widely used animal model as it is well
characterized, highly reproducible and easily accessible. Bleomycin is an antineoplastic
antibiotic derived from Streptomyces verticillatus (Turner-Warwick & Doniach, 1965). It
induces lung injury by causing DNA strand breakage (Lown & Sim, 1977) and can be
administered by intraperitoneal, intravenous, subcutaneous or intratracheal routes. The
fibrotic response depends on the route of administration, the dose and the strain of mice.
Following intravenous administration of bleomycin the initial lesion appears in the
pulmonary endothelium followed subsequently by epithelial damage (Adamson, 1976). The
pathological response to this injury is in the form of damage to the alveolar epithelium,
leakage of fluid and plasma proteins into the alveolar space, alveolar consolidation and the
formation of hyaline membranes. In response to this injury there is focal necrosis of type I
alveolar epithelial cells (pneumocytes) and metaplasia of type II alveolar epithelial cells with
fibrosis developing in sub-pleural regions (Muggia et al., 1983). The advantage of
intravenous administration of the drug is that it closely mimics the way humans are
exposed to the drug regimen. The disadvantage of this model is that fibrosis does not
develop in all animals and takes a longer period of time for the development of fibrosis. It is
therefore not widely used.

Intratracheal administration of bleomycin is by far the most commonly used model. A single
dose of bleomycin when given via the intratracheal route produces lung injury and
subsequent fibrosis (Phan et al., 1980;Snider et al.,, 1978;Thrall et al., 1979). The initial
damage is to the alveolar epithelium followed by development of a neutrophilic and
lymphocytic pan-alveolitis within the first week. The disadvantage of this model is that the
fibrosis is patchy (depending on lung deposition of the instillate) and self-resolving beyond
a certain period.

While the development of fibrosis in response to bleomycin is T-cell independent (Helene et
al., 1999;Szapiel et al., 1979), the development of fibrotic lesions is dependent on the release
of chemokines (CCL2 or CCL12) and the recruitment of inflammatory cells including
neutrophils, monocytes, and lymphocytes (Baran et al., 2007;Inoshima et al., 2004;Moore et
al., 2001;Moore et al., 2006;Smith et al., 1995;Zhang et al., 1994). Pro-fibrotic cytokines (e.g.
TGE-p), leukotrienes, and coagulation factors have also been implicated. Other mechanisms
including altered epithelial-mesenchymal interactions, circulating mesenchymal precursors,
epithelial mesenchymal transformation and their regulation by inflammatory mediators
have recently been reviewed (Keane et al., 2005).

2.2 Fluorescein isothiocyanate (FITC)

The FITC induced pulmonary fibrosis model was originally described by Roberts et al.
(Roberts et al., 1995) and further characterized by Christensen et al. (Christensen et al., 1999).
Intratracheal instillation of FITC resulted in marked infiltration of mononuclear cells and
neutrophils around respiratory bronchioles with focal evidence of oedema and alveolar
epithelial cell hyperplasia. These findings suggest acute lung injury. Patchy focal areas of
interstitial fibrosis were noted five months post FITC instillation. Presence of anti-FITC
antibodies in treated mice indicated an immune response that may be important to the
development of the disease. Christensen demonstrated that like bleomycin-induced fibrosis,
the FITC model is T-cell independent. Recent investigations have implicated CCR2 signaling
(Moore et al., 2001) and production of IL-13 in the fibrotic response to FITC (Korfhagen et
al., 1994).
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The two advantages of the FITC model are: firstly, the areas where FITC has been
deposited leading to fibrosis can be visualized using immunofluorescence imaging; and
secondly, the fibrotic response to FITC seems to be persistent for at least 6 months and not
self-limiting like the bleomycin model (Fisher et al., 2005), making it more suitable for
long term studies.

2.3 Radiation induced fibrosis

Pulmonary fibrotic response to irradiation in mice depends on the dose of radiation and the
genetic background of the mice. A single dose of 12-15 Gy of total body radiation can induce
lung fibrosis as early as 20 weeks post exposure (McDonald et al., 1993). Several studies
have lead to the hypothesis that chronic mononuclear cell recruitment and activation may be
the key feature in radiation induced lung fibrosis (Johnston et al., 2002). Other factors
implicated are TGF-f3, tumour necrosis factor-alpha (TNF-a), bone marrow derived cells
including macrophages, and fibroblasts (Chiang et al., 2005;Epperly et al., 2003;Rube et al.,
2000).

2.4 Silica

Silica can be delivered to mice via aerosolization, intratracheal administration or via
oropharyngeal aspiration. This leads to the development of fibrotic nodules that are similar
to the lesions humans develop secondary to occupational dust exposure. The development
of fibrosis in mice secondary to silica exposure is strain dependent and the fibrotic response
is different in mice and rats (Barbarin et al., 2005). In rats exposure to silica induces a chronic
and progressive inflammation that is accompanied by the over production of TNF-a. Anti-
inflammatory therapies are effective in blocking the fibrotic effect of silica in rats.
Conversely, in mice there is very limited and transient inflammation with over expression of
the anti-inflammatory cytokine IL-10. Hence, in this model anti-inflammatory therapy is
ineffective.

The advantage of the silica model is that the fibrotic response is persistent and the fibrosis is
easily identified in fibrotic nodules. The disadvantage is that it can take up to 60 days for the
development of fibrosis.

2.5 Transgenic models of pulmonary fibrosis

Another animal model for investigating pulmonary fibrosis is the transgenic modulation of
tissue specific over expression of cytokines and growth factors leading to activation of
specific cytokine pathways. The most widely used inducible transgenic system for the lung
is based on the tetracycline-controlled transcriptional regulator controlling pneumocyte-
specific gene promoter sequences (Lee et al., 2004;Zhu et al., 2002). Transient transgenic
models using adenoviral vector-mediated cytokine gene transfer to bronchial, bronchiolar
and alveolar epithelium have been successfully developed and can be applied to all ages of
rodents.

Although a variety of factors including TNF-a, connective tissue growth factor (CTGEF),
PDGEF, endothelin, IL-6, granulocyte-macrophage colony stimulating factor (GM-CSF), IL-
1b, IL-10 and IL-13 are thought to play a pivotal role in the pathogenesis of pulmonary
fibrosis (Ask et al., 2006;Gauldie et al., 2002), transgenic models have shown TGF-f} to be a
major cytokine associated with development of pulmonary fibrosis (Sime et al., 1997). TGF-3
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is produced by a variety of cell types including platelets, macrophages, lymphocytes,
epithelial cells, endothelial cells and fibroblasts. TGF-p1 is implicated in progressive fibrosis
and regulates other cytokines including EGF, FGF, PDGF, TNF-a and IL-1.

2.6 Conclusion

Animal models have provided valuable insight into the mechanisms of fibrogenesis
facilitating human research in this area and identifying potential therapeutic targets.
However, none of the described animal models truly mimics human disease and therefore
conclusions must be drawn with care.

3. Genetics of inflammation and IPF

Case-control association studies have suggested important links between genes involved in
inflammation and risk of developing IPF and/or disease severity. In these studies the
prevalence of a particular genetic variant (single nucleotide polymorphism, SNP) is
compared between a group of patients with IPF and a group of controls. Case control
studies such as these are relatively straightforward to perform compared with other genetic
research strategies such as family linkage analysis or genome wide association studies. It
must be recognized however that a genetic association demonstrated in a case control study
does not imply a causative role for that particular gene, and confirmation of association
should be made using unrelated patient populations.

Genes encoding the IL-1a (IL1A), IL-1p (IL1B) and the IL-1 receptor antagonist (ILIRN) are
localized on chromosome 2q14. Carriage of the rarer IL1RN allele +2018C>T was associated
with increased risk of developing IPF in two cohorts in one study (Whyte et al., 2000), but
these results were not confirmed in other cohorts (Hutyrova et al., 2002). Polymorphisms in
IL1A and IL1B do not seem to be associated with risk of developing IPF (Hutyrova et al.,
2002), but there may be associations between -889T IL1A and IPF severity (du Bois, 2002). In
two small European studies polymorphisms of various cytokine genes including IL-1a, IL-
1RA, IL-4, IL-4RA, and IL-12 were associated with IPF severity, but not risk of developing
disease (Vasakova et al., 2007b;Vasakova et al., 2007a).

Type II pneumocytes in lung tissue from patients with IPF express increased levels of TNF-a
(Nash et al., 1993;Pan et al., 1996;Piguet, 1990). In three Caucasian populations there was an
association between the TNF-a -308A allele and risk of IPF (Riha et al., 2004;Whyte et al.,
2000), although this was not confirmed in a fourth population (Pantelidis et al., 2001). No
associations were demonstrated for other TNF-a polymorphisms, or polymorphisms in the
genes encoding TNF-a receptor II or lymphotoxin-a (Renzoni et al., 2000). IL6 intron 4 A>G
polymorphism was associated with severity of IPF, and co-carriage of TNFRII 1690C was
associated with disease risk (Pantelidis et al., 2001). No association with IPF could be
demonstrated with polymorphisms in genes encoding the anti-inflammatory cytokine IL-10
(Whittington et al., 2003), the neutrophil chemoattractant IL-8 (Renzoni et al., 2000), IL12B,
or IFN-y (Latsi et al., 2003).

A significantly increased prevalence of MHC class I chain-related gene A(MICA)*001 and
MICA*001/*00201 genotype was seen in Mexican patients with IPF compared with the
healthy controls (Aquino-Galvez et al., 2009). A polymorphism in the complement receptor
1 (CR1) gene has been reported to be associated with low erythrocyte expression of CR1,
which theoretically may lead to impaired clearance of immune complexes. In an Italian
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cohort a strong (OR6.2) association was reported between the CR1 C5507G allele and IPF
(Zorzetto et al., 2003), but in three subsequent Caucasian cohorts there were no significant
differences in distribution of CR1 C5507G variants between IPF patients and control groups
(Hodgson et al., 2005;Kubistova et al., 2008).

Immune complexes have been detected in blood and lung tissue of patients with IPF, and a
role in pathogenesis is supported by the association of lung fibrosis with connective tissue
diseases. Furthermore, pulmonary fibrosis in animal models can be induced by
administration of immune complexes. Recently, Bournazos and colleagues have
demonstrated that polymorphisms in the low affinity IgG receptors FcyRIIA and FcyRIIIB
are associated with IPF. FCR3B copy number and carriage of the NA1 polymorphism were
associated with increased risk of IPF (Bournazos et al., 2010;Bournazos et al., 2011), and the
H allele of FcyRIIA (R131H) was associated with more severe disease at presentation and
with progressive disease (Bournazos et al., 2010). In combination, these finding support an
immunological /inflammatory hypothesis for IPF pathogenesis.

4. Immunology of IPF

4.1 Autoantibodies

The role of auto-antibodies in IPF has been investigated with variable results. A case control
study by Magro et al. identified patients with either UIP or NSIP on lung biopsy and
observed evidence of microvascular injury in all samples with variable deposition of IgG,
IgM and IgA. Antiphospholipid antibodies were present in 37 of the 40 patients studied
with elevated factor VIII, a marker of endothelial cell activation, and C-reactive protein
(CRP), a marker of inflammation (Magro et al., 2006). Two similar studies by Matsui et al.
and Kakugawa et al. included 20 patients and 38 patients with IIP respectively and failed to
demonstrate anti-endothelial antibodies in patients with UIP but did demonstrate them in
patients with NSIP (Kakugawa et al., 2008;Matsui et al., 2008). Earlier studies have also
demonstrated a range of non-organ specific autoantibodies in patients with cryptogenic
fibrosing alveolitis prior to the distinction between the subtypes of IIP (Chapman et al.,
1984; Dobashi et al., 2000b; Meliconi et al., 1989; Turner-Warwick & Doniach, 1965).

A study of antibodies against type II pneumocytes and Clara cells failed to demonstrate any
difference between patients with IPF, pulmonary fibrosis secondary to connective tissue
disease and healthy controls (Erlinger et al., 1991). However, this study only included 10
patients with IPF with 93 patients in the other groups.

Autoantibodies against native collagen have been demonstrated in 13 of 16 IPF patients
studied with an inverse correlation between disease duration and antibody level (Nakos et
al., 1993). This was significantly greater than the control arm of healthy age and sex matched
controls and patients with fibrotic change following TB infection. The authors of this study
concluded that measurement of anti-collagen antibodies could be used as a marker of
disease activity, but cautioned that the role of autoantibodies in the pathogenesis of IPF
remains unclear and may occur as a secondary event.

The relatively small number of patients included in these studies and variable distinction
between subtypes of IIP makes it difficult to draw firm conclusions however the role of
autoantibodies in IPF warrants further investigation.

4.2 Immune complexes and IPF
Immune complexes have been described in the blood and lung tissue of patients with
pulmonary fibrosis. However, their significance in IPF remains unclear. Historical studies
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have described the presence of immune complexes in patients with idiopathic interstitial
pneumonias using complement-binding assays (Dreisin et al., 1978;Haslam et al., 1979).
However, these studies may not be directly applicable to IPF since both studies predated the
modern classification of IIP and included patients with connective tissue disease. Indeed,
increased levels of immune complexes were observed in patients with connective tissue
disease and in patients with cellular pulmonary fibrosis on biopsy but not in those with
advanced interstitial fibrosis with low cellularity.

More recently, circulating cytokeratin 8:anti-cytokeritin 8 immune complexes have been
demonstrated in patients with IPF (confirmed on open lung biopsy) and in pulmonary
fibrosis in patients with known connective tissue disease (Dobashi et al.,, 2000b).
Cytokeratin 8 demonstrates increased expression in bronchiolar epithelial cells in IPF
compared to normal lung (Iyonaga et al.,, 1997) and it is suggested may be released
following injury resulting in immune complex deposition perpetuating lung injury
(Dobashi et al., 2000b). A similar study by the same authors also demonstrated cytokeratin
18 immune complexes in IPF (Dobashi et al., 2000a). However, the role of immune
complexes remains unclear and their significance in the pathogenesis of the IPF has not
been explored.

4.3 Immunoglobulins and IPF

It has long been recognized that IPF is associated with raised serum concentrations of IgG,
IgA, or IgM, reflecting polyclonal hypergammaglobulinaemia due to non-specific B-cell
activation (DeRemee et al., 1972). This pattern of hypergammaglobulinaemia is similar to
that described in chronic infectious diseases and in autoimmune disease, particularly SLE
and Sjogren’s syndrome (Ehrenstein & Isenberg, 1992). The mechanisms underlying
polyclonal B cell activation in IPF have not been studied. However, in infectious disease,
postulated mechanisms include B cell stimulation by microbial molecules such as
lipopolysaccharide (LPS) and increased responsiveness of B cells to stimulation by
cytokines including IL-4 and IL-5 (Alarcon-Riquelme et al., 1991). Microbial polyclonal B
cell stimulators produced by various viruses, bacteria, and parasites induce proliferation
of multiple B cell clones and up-regulate surface molecules major histocompatibility
complex (MHC) class II, CD69, CD25, CD80, and CD86 (Montes et al., 2007). The
antibodies produced by indiscriminately activated B cells may recognize heterologous or
homologous antigens, the latter including actin, myosin, and DNA (Montes et al., 2007).
Microbial polyclonal B cell stimulators are typically molecular components of the cell
wall, cytosol, or secretion products. Some examples derived from Trypanosoma cruzi
include mitochondrial malate dehydrogenase, glutamate dehydrogenase, proline
racemase, and trans-sialidase (Montes et al., 2007). Several other polyclonal B call
stimulating proteins from Schistosoma japonicum, Leishmania major, and Plasmodium
falciparum have been well characterized. Furthermore, the IgG-binding staphylococcal
protein A has the potential to bind surface Ig and activate multiple B cell clones
(Anderson et al., 2006). Non-protein B cell activators include LPS derived from Gram-
negative bacteria. Viral envelope glycoproteins and viral DNA or CpG-containing
oligodeoxynucleotides (OXD) may also stimulate proliferation of naive B cells (Montes et
al., 2007). Whilst the precise molecular pathways have not been described for many of
these molecules, the TLR-mediated mechanisms underlying LPS- and CpG-OXD have
been extensively described, involving ligation of host cell surface CD14/TLR4 and TLR9
respectively. This mechanism applies to B cells directly, but may also involve indirect
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involvement of TLR-bearing macrophages and dendritic cells which respond by secreting
IL-1, IL-6, and IL-15 (Kacani et al., 1999;Riva et al., 1996). Indeed, B cell responses were
diminished in IL-6 deficient mice (Karupiah et al., 1998). None of the mechanisms
described above require involvement of T lymphocytes, but some examples requiring T
cell help have been described. For example, polyclonal B cell activation induced by
murine gamma herpes virus 68 infection is dependent on CD4 T cells in vivo (Stevenson
& Doherty, 1999). In addition, y0 T cells may play a role in the polyclonal B cells
activation seen in parasitic infections.

In many infections characterized by polyclonal B cell activation, expansion of CD5+ B-1 cells
and marginal zone B cells is a notable feature and these populations are considered the
principal sources of natural antibodies (Montes et al., 2007). The biological significance of
polyclonal B cell activation in infectious and autoimmune disease remains uncertain, despite
the fact that this phenomenon has been relatively well-studied in these conditions. In
pulmonary fibrosis, polyclonal hypergammaglobulinaemia is a notable feature in many
patients, but like many biomarkers we can only postulate whether it represents cause or
consequence of the fibrotic process in the lung. In favour of a causative role is the
established strong association of pulmonary fibrosis with systemic autoimmune disease,
particularly rheumatoid arthritis and systemic sclerosis, but also including systemic lupus
erythematosis (SLE), Sjogren’s syndrome, and polymyositis. Precisely how polyclonal B cell
activation and hypergammaglobulinaemia could predispose to pulmonary fibrosis remains
to be determined.

Antigen presentation to B lymphocytes usually occurs in lymph nodes, but development
of organized lymphoid structures elsewhere may occur in infective and autoimmune
disorders. Antigen is presented by follicular dendritic cells in association with CD57+
follicle centre Th cells. Immature B lymphocytes are stimulated to proliferate, become
activated, and undergo somatic mutation of their Ig genes. Following affinity maturation
the surviving antigen-specific B cells differentiate into antibody-producing plasma cells or
become memory cells (Heinen & Tsunoda, 1987). Formation of ectopic lymphoid tissue,
described as lymphoid follicles is tissues other than lymph nodes or spleen, is a feature of
certain chronic inflammatory diseases secondary to infection, autoimmunity, or neoplasia
(Hjelmstrom, 2001). Early immunohistochemistry studies of lung tissue from patients
with fibrosing alveolitis demonstrated chronic inflammatory infiltrates in the lung
interstitium, composed predominantly of lymphocytes and macrophages (Campbell et al.,
1985). In many patients this chronic inflammatory infiltrate included organized
aggregates of B cells, and it was suggested that this was evidence of a local humoral
immune reaction (Emura et al.,, 1990;Wallace et al., 1996). A more detailed analysis
revealed discrete lymphocyte aggregates in 37 of 38 consecutive lung biopsies from IPF
patients, with germinal centre formation in 5/38 (13%) (Wallace et al., 1996). Lymphoid
aggregates were identified as separate from areas of severe established fibrosis and
honeycomb cysts, and there was no evidence of associated focal infection to account for
them. Immunohistochemistry demonstrated CD20+ B cells and CD21+, CD23+, S100-
follicular dendritic cells. The B lymphocytes expressed markers of proliferation (MIB-1+)
and activation (CD23+). Ten to 20 percent of the lymphocytes were CD3+ CD45RO+
memory type T lymphocytes, with some evidence of specialized follicle centre
development (Wallace et al., 1996). A subsequent study confirmed that these lymph node-
like structures in IPF lung were composed of activated B cells, CD40L+ activated T cells,
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mature DCs and a network of FDCs (Marchal-Somme et al., 2006). The lymphocytes had
features of non-proliferating antigen-experienced activated T and B cells, including
follicular dendritic cells. Interestingly, anti-inflammatory drugs, which are considered
generally ineffective in IPF, have little effect on mature differentiated lymphocytes
(Matyszak et al., 2000). This mucosa-associated lymphoid tissue (MALT)-like tissue in IPF
lung may reflect a humoral immune reaction in the lung parenchyma which may be a
component of the pathogenesis of IPF.

5. Pulmonary fibrosis and connective tissue disease

Connective tissue diseases (CTD) are a group of immunologically mediated inflammatory
disorders in which pulmonary involvement is strongly associated. This may be in the form
of interstitial lung disease (ILD), pulmonary vascular disease, bronchiolitis, and other
airspace abnormalities. These pulmonary manifestations may result from specific
manifestations of the immune process, but also infection or drug toxicity (Eisenberg,
1982;Hunninghake & Fauci, 1979). In this section of the chapter we will concentrate on ILD
in CTD. Rheumatoid arthritis (RA), scleroderma and dermatomyositis will be discussed in
detail. ILD has also been reported in association with SLE, Sjogren’s syndrome and mixed
connective tissue disease (MCTD).

5.1 Rheumatoid arthritis (RA)

Ellmann and Ball (Ellman & Ball, 1948) described ILD as the predominant pulmonary
manifestation of RA. Arthritis precedes the development of ILD in 90% of affected patients
with mean age of onset of lung disease in the 5th or 6th decade. Significant risk factors for
developing lung disease in RA include presence of subcutaneous nodules, high titres of
circulating rheumatoid factor or antinuclear antibodies (Gordon et al., 1973) and genetic
factors, for example, the presence of non-MM alpha 1- antitrypsin phenotypes. (Geddes et
al., 1977;Michalski et al., 1986) Common symptoms include exertional dyspnoea and non-
productive cough. Clinical examination reveals bibasal pulmonary crackles in most patients.
Finger clubbing is uncommon.

Histologically RA-related ILD is indistinguishable from other fibrotic IIPs including IPF. A
wide spectrum of elementary lesions found in a series of 40 patients led to the determination
in each patient of a predominant or primary pattern (Yousem et al., 1985). UIP was the most
frequent lesion followed by lymphoid hyperplasia, cellular interstitial pneumonia,
desquamative interstitial pneumonia and proliferative bronchiolitis and patchy organizing
pneumonia.

Early histological studies demonstrated the presence of immune complexes in the alveolar
walls with the potential to activate inflammatory cells and alveolar macrophages. Activation
of polymorphonuclear cells in the lung has been demonstrated by the increased release of
myeloperoxidase , collagenase and elastase (Garcia et al., 1987;Weiland et al., 1987). Gilligan
et al demonstrated that patients with overt ILD had a greater concentration of pro-collagen
peptide and collagenase activity in BAL fluid than those with early lung disease (Gilligan et
al., 1990). Balbi et al demonstrated a preferential increase in Tec T-5,9+T cells, a subset of
CD4 lymphocytes responsible for many helper T-cell functions including the response to
allogenic antigens (Balbi et al.,, 1987). Such expansion might reflect increased T-cell-
dependent stimulation of B cells to produce immunoglobulins in the lungs of RA patients.
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5.2 Scleroderma

Interstitial lung disease (ILD) is the most common pulmonary complication in scleroderma.
ILD may occur in either limited or diffuse cutaneous scleroderma with up to 70-80% of
patients exhibiting pulmonary fibrosis at autopsy (Sime et al., 1997;Steen et al., 1985;Weaver
et al., 1968). Exertional dyspnoea and non-productive cough are the common symptoms and
bi-basal fine crackles are heard on chest auscultation.

Retrospective studies of lung biopsies in patients with scleroderma-ILD suggest that the
pathological pattern of lung involvement is more frequently that of non-specific interstitial
pneumonia (NSIP) than of usual interstitial pneumonia (UIP) (Bouros et al., 2002). The
pathogenesis of scleroderma lung disease is poorly understood. Early changes may include
interstitial oedema and widening and inflammation of the alveolar walls with collections of
mononuclear cells and neutrophils, leading to a combination of an inflammatory reaction
and concommittant fibroblast proliferation (Harrison et al., 1989;Harrison et al., 1991). Tiny
cysts result from progressive thinning and rupture of the alveolar walls associated with
extensive interstitial and peri-bronchial fibrosis (Hayman & Hunt, 1952).

Early in the course of scleroderma, activated fibroblasts expressing high levels of type I
and type III collagen messenger ribonucleic acid (mRNA) are present adjacent to blood
vessels, suggesting the occurrence of a vascular-related event mediating both fibroblast
activation and tissue fibrosis (Ask et al., 2006). Increased levels of endothelin-1, a
vasoconstrictor and mitogenic peptide, which is believed to play a role in fibrosis and
collagen production, has been found in the plasma of scleroderma patients (Kahaleh,
1991) and in the lungs of patients with IPF (Giaid et al., 1993). These data suggest an
increased expression and/or production of endothelin by the vascular endothelium in
scleroderma which might be mediated, at least in part, by cytokines (TNF-a, TGF-f3, and
IL-8) released from alveolar inflammatory cells. In addition, intense expression of PDGF
by the endothelial lining of small capillaries in scleroderma (Gay et al., 1989) suggests that
endothelin may act in synergy with other cytokines and growth factors to activate
fibroblasts. Consistent with the concept that immune processes initiate inflammation,
immune complexes are found in the epithelial lining fluid of patients with scleroderma
(Jansen et al., 1984;Silver et al., 1986). Several lines of evidence support the concept that
alveolitis, i.e. the accumulation of immune and inflammatory cells within the alveolar
structures, precedes lung injury and may be the first step of the fibrotic process for which
it may be entirely responsible. The alveolitis in scleroderma is characterized by an
accumulation of activated alveolar macrophages, lymphocytes, neutrophils and
eosinophils (Edelson et al., 1985;Harrison et al., 1989;Konig et al., 1984;,0wens et al.,
1986;Pesci et al., 1986;Silver et al., 1984;Wallaert et al., 1988;Zhu et al., 2002). In
scleroderma, alveolar macrophages have been shown to spontaneously release greater
amounts of superoxide anion than normal alveolar macrophages (Wallaert et al., 1988).
Collagenase, neutrophil elastase and elastase-like activities have been found in
bronchoalveolar lavage (BAL) fluid (Konig et al., 1984;Sibille et al., 1990). Inflammatory
cells can also activate the coagulation system (increased levels of plasminogen activator
are present in BAL fluid) (Martinot et al., 1989) and release various mediators leading to
the recruitment and accumulation of fibroblasts, and to the formation of connective tissue
matrix substances. Alveolar macrophages from scleroderma patients release exaggerated
amounts of IL-1, IL-6, TNF-a, fibronectin and alveolar macrophage derived growth factor
(Bolster et al., 1997;Edelson et al., 1985;Rossi et al., 1985;Wallaert et al., 1988). Cytokines
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induce the recruitment of inflammatory cells by the induction of chemokines (Rolfe et al.,
1991) or by the modulation of cellular adhesion molecule expression by vascular
endothelium and leukocytes (Springer, 1990). In this context, Carre et al. (Carre et al,,
1991) recently demonstrated increased expression of IL-8 mRNA and IL-8 protein by
alveolar macrophages from patients with ILD associated with scleroderma. The presence
of high levels of IL-8 in BAL fluid correlates with the percentage of neutrophils (Southcott
et al., 1995). Moreover, monokines are known either to stimulate fibroblast growth
directly or through induction of growth factors potentially active in fibroblast
proliferation (Sugarman et al., 1985), or to inhibit fibroblast growth through prostaglandin
E2 (PGE2) synthesis. The fibrogenic cytokines TGF-f3 and PDGF are elevated in BAL fluid
(Ludwicka et al., 1992). All these findings support the hypothesis that inflammatory and
immune effector cells might modulate the injury and repair process occurring in the lung
of scleroderma patients.

5.3 Dermatomyositis (DM) and polymyositis (PM)

The prevalence of ILD in DM/PM ranges from 5% to 30% depending on the diagnostic
method (Ikezoe et al., 1996,Schwarz, 1992). Lung involvement may precede muscle or skin
manifestations in up to one-third of cases. Clinically, the presentation of ILD in DM/PM can
range from a rapidly progressive adult respiratory distress syndrome (ARDS)-like
syndrome (Hamman-Rich syndrome) to slowly progressive exertional dyspnoea with
abnormal imaging or can be asymptomatic only evidenced by abnormal radiology and lung
function. Precipitating antibody to the acidic nuclear protein antigen Jo-1 (histidyl-transfer
RNA synthetase) has been reported to be a marker of associated ILD in DM/PM, despite the
fact that some patients are Jo-1 negative, but have ILD (Bernstein et al., 1984;Yoshida et al.,
1983). Another study reported that antobodies to PL-7 (threonyl-transfer RNA synthetase)
and to PL-12 (alanyl-transfer RNA synthetase) may be found in patients with DM/PM-
related ILD (Hengstman et al., 2000)

Three major histological patterns are identified and include bronchiolitis obliterans-
organizing pneumonia (BOOP), diffuse alveolar damage (DAD), and UIP. In BOOP,
inflammatory polyps protrude into the terminal bronchioles and young connective tissue
extends from the terminal bronchioles into the alveolar structures. This pattern of lesion is
associated with acute ILD, and is related to a better prognosis than chronic ILD. In chronic
UIP, alveolar septal collagen deposition, sparse interstitial lymphoplasmocytic infiltrates
and type II alveolar lining cell hyperplasia are seen. DAD is characterized by alveolar
lining cell injury, alveolar wall oedema and intra-alveolar fibrin deposition, with
formation of hyaline membranes and focal haemorrhages (Takizawa et al., 1985;Tazelaar
et al., 1990).

6. Idiopathic pulmonary fibrosis and malignancy

Idiopathic pulmonary fibrosis is related to malignant disease in a number of important
ways: firstly, the pathophysiology of IPF has been likened to malignant disease with
reference to apparently uncontrolled proliferation of fibroblasts resulting in alteration of
local tissue architecture and resulting organ dysfunction; secondly, IPF is associated with an
increased incidence of primary lung cancer; and finally, oncology treatments including
chemotherapy and radiotherapy are known to induce pulmonary fibrosis.
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6.1 Neoplastic hypothesis in IPF

Malignant disease is characterized by genetic alterations leading to uncontrolled cellular
proliferation and local invasion leading to alteration in local tissue architecture and organ
dysfunction. The histological hallmark of UIP is collections of fibroblasts, activated
myofibroblasts and deposited collagenous extracellular matrix termed ‘fibroblastic foci’,
often occurring in the margins between microscopically normal lung and areas of
established fibrosis with little cellular inflammation (Cool et al., 2006). Originally it was
suggested that these foci represent distinct areas of aberrant healing in response to local
epithelial injury. However through three-dimensional reconstruction of lung biopsy
specimens of UIP, Cool et al. demonstrated that the fibroblastic foci represent an
interconnected network with associated abnormal vasculature. Whilst this finding would
seem to support the hypothesis describing IPF as a neoplastic process, analysis of clonality
of the fibroblasts demonstrated polyclonal rather than monoclonal proliferation suggesting
a reactive rather than malignant process (Cool et al., 2006). It can however be argued that
polyclonality alone does not rule out malignancy with polyclonality being described in a
small number of haematological and other solid organ tumours (Davidsson et al,
2005;Parsons, 2008).

6.2 IPF as a risk factor for lung cancer

Early reports described an association between fibrosing alveolitis and increased risk of lung
cancer (Haddad & Massaro, 1968). More recently, a large population-based cohort study
utilized the General Practice Research Database in the United Kingdom to investigate the
incidence of lung cancer in patients with CFA and controls (Hubbard et al., 2000). This study
of 890 patients with CFA syndrome and 5,884 controls reported a clear increased incidence
of lung cancer in CFA with an odds ratio of 7.31 with little modification when smoking
status was taken into account. The authors acknowledged that through use of a large
general practice database there was inherent risk of misreporting in the data with particular
focus on smoking status. However, the size of this study and the magnitude of increased
incidence strongly suggest a positive association. Subsequent research has further defined
the association with increased risk reported in male IPF patients who smoke with a similar
frequency of histological cancer subtypes observed in non-IPF sufferers (Park et al., 2001)
supporting historical observations (Stack et al., 1972). However, other studies have failed to
confirm an association between IPF and malignancy although varying methodology, each
with inherent risk of errors, means that a degree of uncertainty remains (Samet, 2000).
Although the mechanism of fibrosis predisposing to malignancy is unclear, the notion of
fibrotic disease predisposing to the development of malignancy is not isolated to the lung
also being observed in liver cirrhosis.

6.3 Radiation induced lung injury and pulmonary fibrosis

In addition to the recognized association between IPF and lung cancer, cancer therapies
including certain cytotoxic agents and radiotherapy are associated with developing fibrosis
within the lung and other tissues.

Radiotherapy is used to treat a wide range of malignant disease and can be used in isolation
or in combination with surgery and/or chemotherapy in order to achieve survival benefit or
palliate symptoms. External beam radiotherapy delivers a concentrated dose of ionizing

www.intechopen.com



Inflammation and Pulmonary Fibrosis 113

radiation to a targeted area aiming to minimize the exposure of surrounding tissues -
however a degree of exposure is unavoidable. The use of radiotherapy for the treatment of
thoracic tumours can result in exposure of the lung parenchyma to ionizing radiation and
can result in the development of radiation pneumonitis and subsequent fibrosis. The
aetiology and temporal relationship between the inducing agent and fibrosis is poorly
understood in the majority of fibrotic diseases, but radiation-induced fibrosis provides
insight into this area.

Radiotherapy results in immediate oxidative DNA, protein and lipid damage. The resulting
cellular injury leading to apoptosis and cell death within tumour cells results in its
therapeutic benefit. However, exposure of surrounding tissues including epithelial and
endothelial cells results in release of inflammatory and pro-fibrotic mediators and
generation of reactive oxygen species that are felt to be important in driving and
perpetuating the fibrotic process. Indeed, microvascular injury resulting from endothelial
injury has been shown to result in chronic tissue hypoxia following radiotherapy for head
and neck cancers and is known to contribute to sustained ECM deposition in vitro (Yarnold
& Brotons, 2010).

Clinically, radiation pneumonitis usually occurs 4-12 weeks after completion of treatment
and may result in breathlessness, cough, pyrexia and chest discomfort although this acute
phase may be asymptomatic. Progression to fibrosis can result in progressive breathlessness
and dry cough however this stage can also be asymptomatic being identified only on
thoracic imaging (Davis et al., 1992). The risk of developing radiation induced lung injury is
related to the total radiation dose, the dose rate and the volume of lung irradiated. Three
stages of lung injury have been described with initial exudative and organizing phases
occurring in radiation pneumonitis followed by a chronic fibrotic phase (Gross, 1977).
Initial epithelial and endothelial injury occurs resulting in vascular congestion and
thrombosis leading to leak of proteinacious fluid into the lung interstitum and alveoli. In
addition to microvascular injury, type II pneumocyte damage with resulting surfactant
deficiency and alveolar collapse has also been suggested as a mechanism contributing to
lung injury (Davis et al., 1992).

The role of inflammation in this process is subject of debate. Infiltration with inflammatory
cells including macrophages has been observed within weeks of lung irradiation.
Macrophages are an important source of inflammatory and pro-fibrotic cytokines including
TGF-B. In contrast to the classical pattern of radiation induced lung injury with changes
occurring only within the irradiated field as a direct result of local cellular injury, in some
cases the pattern of lung injury is not confined to the irradiated field occurring sporadically
throughout both lungs. This pattern has been associated with a lymphocytic alveolitis on
bronchalveolar lavage (Morgan & Breit, 1995). The role of this lymphocytic inflammation is
unclear but a subset of T lymphocytes are known to release the profibrotic mediators IL-4
and IL-13 that may be of significance in these patients (Morgan & Breit, 1995).

As in other models of fibrosis, TGF- plays a central role in initiating and sustaining fibrosis
following radiation exposure. TGF-p stimulates a cascade of events leading to fibrosis
including induction of CTGF production by fibroblasts through direct activation of gene
transcription (Grotendorst et al., 1996). TGF-p and CTGF along with other pro-fibrotic
mediators including PDGF result in fibroblast recruitment, proliferation and differentiation
into myofibroblasts with ECM deposition (Yarnold & Brotons, 2010). The combined
profibrotic effect of TGF-f and CTGF has been shown to be important in producing a
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sustained fibrotic response in animal models and has been described in other chronic
fibrotic disorders including scleroderma (Leask et al., 2004).

The interaction between TGF- and CTGF has been studied in vivo following pelvic
irradiation for colorectal cancer. Irradiated rectal mucosa stained positive for TGF-p in non-
tumour containing tissues 7-40 weeks following radiotherapy (Canney & Dean, 1990).
However, patients undergoing surgery for fibrotic strictures in chronically fibrotic bowel
following pelvic irradiation exhibit high levels of CTGF mRNA and protein but levels of
TGF-B no greater than non-irradiated tissue (Vozenin-Brotons et al., 2003) suggesting that
TGF-B is important in initiation of the fibrotic process with CTGF perpetuating fibrosis.
Reactive oxygen species generated during radiation exposure are believed to be an
important activator of TGF-p with resulting cascade of events leading to fibrosis. The
importance of TGF-f in radiation-induced lung injury is supported by evidence that
inhibiting TGF-p reduces the effects of radiation exposure including reduction in fibrosis,
inflammation and respiratory distress (Anscher et al., 2008).

7. Inflammation and fibrosis in other organ systems

7.1 Diabetes and diabetic nephropathy

Diabetic nephropathy (DN) is a major health problem worldwide. Histologically it is
characterized by tissue remodeling, particularly tubular atrophy and interstitial fibrosis
similar to that seen in the lung in IPF. Diabetes is currently regarded as an inflammatory
disease as well as a metabolic disorder. The interplay between hyperglycaemia, insulin
resistance, and a systemic inflammatory response in type II diabetes mellitus (T2DM) is
believed to promote microvascular complications via endothelial cell dysfunction and
induction of a procoagulant state. For example, increased expression of ICAM-1 has been
reported in rodent models of DN, and elevated soluble ICAM-1 has been reported in human
subjects with DN. Similarly, endothelial VCAM-1 expression was increased in animal
models of DN, and increased concentrations of soluble VCAM-1 have been reported in
blood samples from patients with DN. However, the precise molecular mechanisms
underlying the systemic inflammatory response in DM are poorly understood (Goldberg,
2009).

Recruitment of inflammatory cells into the diabetic kidney may be an initiating event in
renal injury leading to fibrosis and development of the end-stage kidney (ESK). For
example, in the streptozotocin rat model of diabetes, the chemokine MCP-1 mediated
macrophage accumulation and activation at an early stage of nephropathy (Chow et al.,
2007), and blockade of MCP-1/CCR2 ameliorated DN in this model (Kanamori et al., 2007).
Interestingly, renal MCP-1 excretion is reduced by rennin-angiotensin-aldosterone blockade,
an effective therapeutic intervention on slowing progression in DN.

Various inflammatory mediators have been implicated in the renal lesions in DN. Relative
deficiency of circulating adiponectin has pro-inflammatory effects on macrophages,
endothelial cells, and smooth muscle cells (Rivero et al., 2009). Leptin excess has pro-
inflammatory effects in terms of impaired endothelial function, stimulation and
aggregation of platelets, increased oxidative stress, and stimulation of vascular smooth
muscle cells. Leptin is metabolized principally in the kidney tubules by binding to its
receptor megalin where it may lead to proliferation of endothelial cells and mesangial cell
hypertrophy, increased TGF-f3 and collagen type I and IV production. Furthermore, TLR-
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mediated immune activation has been implicated in diabetes and various types of renal
disease. In the Diabetes Control and Complications Trial, baseline E-selectin and
fibrinogen levels predicted DN in TIDM (Lopes-Virella et al., 2008). The classical pro-
inflammatory cytokines IL-1 and IL-6 were up-regulated in animal models of DN. Renal
expression of tissue factor was up-regulated 2.5-times in the kidneys of diabetic compared
with control rats, and this preceded clinical renal disease manifested by albuminuria.
Similarly, correlations have been reported in diabetic patients between serum
concentrations of TNF-a and severity of DN. Other serum markers associated with DN
include CRP and IL-6 (Goldberg, 2009).

7.2 Liver fibrosis

Worldwide, the causes of liver fibrosis have largely been established and are the
consequence of liver injury and inflammation (hepatitis) caused by chronic viral infection
(HBV, HCV), alcohol, or obesity (steatohepatitis), or autoimmunity (Bousse-Kerdiles et al.,
2008). In the well characterized carbon tetrachloride liver injury model in rodents, iterative
injury leads to inflammation followed by intense scarring, followed by resolution and
disappearance of scar tissue. Resolution of scarring is believed to be mediated by
macrophage-derived matrix metalloproteases (MMPs). Duffield et al (Duffield et al., 2005)
examined the role of macrophages in fibrosis and resolution using a transgenic mouse
model in which macrophages could be depleted. Macrophage depletion during the early
injury phase led to loss of myofibroblasts and failure to lay down matrix including collagen
III and elastin, and reduced scarring. Macrophage depletion during the late resolution phase
led instead to persistence of myofibroblasts, attenuated matrix degradation, and failure to
resolve the scar tissue. These data defined two macrophage populations with opposite
functions - promoting fibrosis in the initial injury phase and resolving scar tissue after
removal of the injurious stimulus - and identified macrophages as key players regulating
healing and fibrosis.

7.3 Myelofibrosis

The marked bone marrow fibrosis seen in primary myelofibrosis is associated with
immunological abnormalities implicating lymphocytes in the scarring process (Bousse-
Kerdiles et al., 2008). Similarly, studies of bone marrow fibrosis in Hairy Cell Leukaemia
suggest that the abnormal B lymphocytes may play a key role as a source of fibrogenic
cytokines. Abnormal immune complex-stimulated megakaryocytes have also been
implicated as they release PDGF, a potent stimulator of fibroblast activation, as well as other
fibrogenic cytokines including TGF-p. Similarly, monocytes/macrophages may also be a
source of fibrogenic cytokines in myelofibrosis.

8. Conclusion

In the last decade the classical hypothesis that acute and chronic inflammation preceded
pulmonary fibrosis has fallen out of favour, but as we have discussed in this chapter
inflammation is strongly implicated in fibrogenesis in animal models and in other fibrotic
human diseases. Our understanding of the role of inflammation in IPF remains incomplete
but must not be discounted on the basis of failed response to immunosuppressant therapy.
UIP represents the end point of a number of fibrotic conditions including asbestos related
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interstitial lung disease, hypersensitivity pneumonitis and connective tissue diseases. It
should be considered that IPF may have an asymptomatic stage in which inflammation
plays an important part with UIP representing a self perpetuating universal fibrotic end
point.

Animal models of pulmonary fibrosis have provided insight into fibrogenesis however they
do not truly parallel human disease and therefore conclusions must be drawn with caution.
However, they do provide a useful tool for generating hypotheses that can be investigated
in human subjects. The relatively low prevalence of IPF in the population and our poor
understanding of the disease course pose challenges for good quality clinical research
resulting in many studies having sample sizes that are too small to draw firm conclusions.
With the development of research networks facilitating multicentre collaboration it is
essential that the role of inflammation continues to be investigated in order to improve our
understanding of the interplay between inflammation and fibrosis in the lung.
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