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24.1 OVERVIEW OF PULMONARY FIBROSIS 

The pathogenesis of fibrotic diseases is similar regardless of whether the lung or 
extrapulmonary tissues are involved . The disease is characterized by chronic inflammation, 
excessive accumulation of matrix proteins and destruction of normal tissue structure. 1•

2 

Although the etiology of pulmonary fibrotic diseases is diverse, the process universally 
involves an imbalance between matrix formation and degradation. Studies have shown 
that accumulation of matrix proteins, mainly produced by fibroblasts and myolibroblasts, 
is responsible for the alveolar wall damage and distortion of lung parenchyma. Three, 
sometimes overlapping, phases have been proposed in the development of pulmonary fibrosis 
including initial triggering events, the inflammatory response and the fibrotic response. 
A diverse group of insults including drugs (bleomycin, cisplatin), radiation, physical injury, 
or viral infections as well as collagen-vascular diseases, such as systemic sclerosis, may 
trigger the development of fibrosis. 1

•
3 Regarding environmental factors, an elevated risk for 

idiopathic pulmonary fibrosis (JPF) occurs in subjects exposed to mineral dusts (e.g. silica 
or asbestos), metal or wood dust and tobacco smoking.4

-
6 

The tissue response involves sequentially alveolar epithelial cell injury or activation, 
inflammation, proliferation, and differentiation of interstitial cells and collagen production. 
Chronic inflammation occurs following the initial injury and is characterized by activation 
of resident · cells and inflammatory cell infiltration , interstitial edema and local cell 
proliferation .1.7 Cytokines, such as interleukin-I (JL)-1 , IL-4, IL-8 and tumor necrosis 
factor (TNF)-cx, and growth factors , such as platelet-derived growth factor (PDG F) and 
transforming growth factor (TGF)-131 , are involved in the recruitment of inflammatory 
cells into the alveolar walls and spaces. A number of these mediators also play a role in 
the remodeling process through fibroblast proliferation and collagen synthesis. Therefore, the 
early and persistent expression of pro-inflammatory cytokines and subsequent presence of 
cell-surface adhesion molecules and chemotactic molecules are important in mediating 
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FIGURE 24.1 Simplified scheme of the phases involv~ in the pathogenesis of pulmonary fibrosis. 
A diverse group of insults may trigger the initial lung injury followed by chronic inflammation. 
If inflammation is not resolved, fibrotic phase emerges with the overproduction of collagen and 
other matrix proteins, resulting in the development of fibrosis . In this pattern, genetic .variations 
in related genes may influence susceptibility and modify progression or severity of disease. 

fibrosis. 2
•3 Although this pathway is common for most interstitial lung diseases, IPF may 

develop in the absence of an inflammatory process. 8 ·
9 If inflammation is not resolved ,. 

fibroblasts migrate and proliferate in areas of acute injury and secrete an excessive amount 
of collagen and other matrix proteins. These proteins are deposited in the interstitial space 
and gradually cause irreversible pulmonary fibrosis. 1

0-
12 Fibroblasts also release proteases 

that degrade and remodel the matrix proteins. 2 The aberrant tissue remodeling involves 
· the families of matrix metalloproteinases (MMPs) and tissue inhibitor of metalloproteinases 

(TI MPs). The changes in the levels, activities and balance between MMPs and TIM Ps 
play a significant role in the altered extracellular matrix (ECM) metabolism due to their 
capacity to cleave structural proteins such as collagens and elastin. 13

·
14 Figure 24.1 shows 

the hypothetical scheme of the events in the pathogenesis of pulmonary fibrosis. 

24.2 CYTOKINES, METALLOPROTEINASES AND 
FIBROGENIC MEDIATORS IN FIBROTIC DISEASES 

24.2.1 INFLAMMATORY CYTOKINES 

The pathogenesis of pulmonary fibrosis appears to be driven by persistent inflammation 
where pro-inflammatory cytokines, such as TNFcx, IL-I and IL-6 play a central role . 
TNFa. is one of the earliest cytokines implicated as its over-expression promotes fibro­
blast proliferation and collagen deposition. 15 Administration of neutralizing antibodies to 
TNFa. or soluble TNFa. receptors prevent the development of silica or bleomycin-induccd 
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pulmonary fibrosis in mice. 15
•
16 Furthermore, mice that over-express TNFcx develop 

I PF-like fibrosis, while TNFCi deficient mice resist bleomycin-induced fibrosis . 17
•18 

TNFCi also promotes matrix-degrading gelatinases and fibroblast migration which result 
in rnatrix-remodeling. 19 Increased amounts of TNFcr can be found in BALF of patients 
with IPF or asbestosis.2° Furthermore, polymorphisms at position -308 and -'238 in 
the promoter region of the TNFcx gene confer increased risk of developing pulmonary 
fibrosis .21

-
23 These genetic variants result in increased production of TNFCi protein.24 

The IL- I family that includes IL-I ex, IL-1 p, and IL-1 receptor antagonist (RA), like 
TNFCi, has pro-inflammatory and fibrogenic properties that contribute to the initial fibrotic 
process. Both IL-la and IL-1 ~ induce fibroblasts to produce additional cytokines such as 
IL-6, and collagens.25 Recently, it has been reported that transient expression of IL-1 P can 
lead to progressive fibrosis, even after l L-1 p levels have declined. 26 IL-1 Ra, a naturally 
occurring antagonist of the IL-1 receptor, can attenuate IL-1 signaling and help resolve 
inflammation after injury. Administration of IL-1 Ra decreases lung fibrosis in mice 
exposed to bleomycin and silica.27 Significantly increased levels of IL-JRa can be found 
in the BALF of patients with ]PF and sarcoidosis. 28

•
29 Two genetic variations of the 

IL-lRa gene (IL-JRN) at position +2018 and intron 2, which express variable numbers of 
tandem repeat [VNTR], have been associated with increased production of JL-1 Ra and 
accelerated· fibrosis. 21

•
30 

lL-6 has been shown to help mediate interstitial lung diseases either alone or in 
concert with TNFa.31 Although the contribution of IL-6 to fibrosis is not fully understood, it 
may stimu.late fibroblast proliferation and ECM deposition.32 In animal models, over­
expression of IL-6 showed a marked inflammatory response, but only weak signs of 
fibrosis .33

•
34 However, IL-6, together with TNFCi, participates in fibrosis induced by 

bleomycin by stimulating expression of the pro-fibrotic chemokine macrophage inflamma­
tory protein- I alpha (MIP-1 ex). 35 Furthermore, increased levels of lL-6 are found in BALF 
from patients with sarcoidosis. 36 A polymorphism at position -174 in the promoter region 
of the IL-6 gene leads to reduced transcription of the gene and its presence is associated 
with IPF progression.22

•
37 

24.2.2 Th CYTOKINES 

The imbalance between T helper 1 (Th 1) and T helper 2 (Th2) cytokine responses is also 
important in the pathogenesis of fibrosis. 7•8·38

-4° Th 1 and Th2 cytokines have the ability 
to influence either resolution or progression to end-stage fibrosis . While Thl cytokines 
[interfeon-y (IFN-y), IL-2, IL-12, IL-18, TNFP] appear to be involved in the restoration of 
normal tissue structure by inhibiting fibrosis, Th2 cytokine response (IL-4, IL-5, IL-10, and 
IL-13) stimulate fibroblast activation, proliferation, and ultimately the deposition of ECM 
protein.38

.41.
42 ln particular, IL-4 and lL-13 have been implicated in fibroblast prolifera­

tion and increased production of ECM, including type-I and type-I II procollagens and 
fibronectin. 43

-4
5 lL-4 mRNA levels are increased in bleomycin-induced pulmonary fibrosis 

in mice while JL-13 expressing transgenic mice demonstrates airway epithelial cell 
hypertrophy and subepithelial airway fibrosis .42

•
45 IL-5 is also up-regulated at sites of 

active pulmonary fibrosis in mice treated with bleomycin .46 

Jn addition, increased levels of JL-4, 5 and 13 are found in BAL fluid from patients 
with IPF.47 With regards to Thi response, Thl cytokines have a profound antifibrotic 
effect mediated primarily by JFN-y. The administration of IFN-y suppresses the proliferation 
of fibroblasts , production of ECM proteins, such as collagen and fibronectin , and 
downregula tes TGF-P production.44

.4
8

.4
9 Clinical studies indicate that JFN-y is one of 

the more encouraging drugs for fibrosis treatment and patients with higher serum IFN-y 
levels respond better to corticosteroids. 50 Treatment of ]PF patients with JFN-y for 
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a one-year period can provide substantial improvement in lung function. 51 Furthennore, 
a variable length CA repeat polymorphism in the first intron of the IFN-y gene has 
been associated with pulmonary fibrosis. 52·53 The other Thi cytokines, IL-12 and IL-18, 
act synergistica\ly to stimulate IFN-y induction in T cells. 54 

24.2.3 METALLOPROTEINASES 

Degradation of the ECM is mediated primarily by MMPs which are grouped based on 
their structure and activity into different subfamilies such as collagenases, gelatinases, and 
stromelysins.3

•
8 The TIMPs control ECM turnover with their MMP inhibitory actions. 

Disruption of the regulated balance between M*Ps and TIMPs during normal tissue 
metabolism plays a crucial role in the formatio of the ECM and remodeling.14

•55- 57 

Increased expression of MMP-1, -2, -8 and -9 are fo nd in experimental models of pulmonary 
fibrosis 58·59 and in patients with IPF and sarcoido ·s.60 

24.2.4 f lBROGENIC MEDIATORS 

TGF-P is the most widely-studied cytokine in the context of fibrosis due to its pleiotropic 
activity in inflammatory/immune and structural cells, wound healing, and tissue remodel­
ing.61·62 Both laboratory animal and human studies support a role for TGF-P in fibrosis. 
For example, TGF-P gene expression and protein production are increased in bleomycin, 
silica, asbestos, and radiation-induced pulmonar: fibrosis in experimental animals.63-66 

Increased TG FP I production has also been d monstrated in patients with IPF and 
asbestosis.67·68 Among the three TGFP isoforms identified, TGFpi, -2 and -3, TGFPI is 
the most potent promoter of ECM production: being involved in wound healing and 
tissue remodeling. Also, TG Fj3 l is a potent chemdtactic and activating factor for monocytes 
and macrophages. Once activated, these cells, in turn, release additional cytokines, such as 
IL-IP, PDGF, fibroblast growth factor (FGF), TNFa and TGFpi.62 Other potentially 
fibrogenic molecules, such as TNFt1 and granulocyte-macrophage colony-stimulating 
factor (GM-CSF), . may mediate their fibrogenic effect through up-regulation of TGF-13 
expression. 69·7° Furthermore, gene polymorphisms influencing TGFP I production at 

positions +915, +29, and -509 are associated with pulmonary fibrosis. 71 ·72 Other pro­
fibrotic factors, such as PDGF, macrophage chemotactic protein (MCP-1), insulin-like 
growth factor (IGF-1), endothelin-1 (ET-I), MIP-la and IL-8 also have been implicated 

. in different stages of human and experimental pulmonary fibrosis. Table 24. l provided a tis t 
of these mediators and their roles in fibrosis. Functional polymorphisms in genes which 
control these mediators have been associated with a variety of lung diseases. However. 
contributions of these genetic variations in pulmonary fibrosis are yet to be identified. 

24.3 CYTOKINE GENE POLYMORPHISMS AND 
INTERSTITIAL LUNG DISEASES 

The genes that control expression of mediators of interstitial lung diseases are highly 
polymorphic and the role of these polymorphisms in other common diseases is receiving 
considerable attention. In this respect, epidemiological studies have identified associations 
between specific cytokine polymorphisms and common complex human diseases such as 
cardiovascular diseases, cancer, neurodegenerative diseases, periodontal disease and immune­
mediated diseases including allergic asthma and autoimmunity. 73-78 Most genetic poly­
morphisms in genes for common diseases are not directly responsible for disease causation. 
rather they act as disease modifiers by influencing the severity or response to specific 
treatment regimens. This is particularly true for polymorphisms in cytokine genes. As has 
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TABLE 24.1 
Examples of Cytokines, Chemokines and Growth Factors That Play a Role in the 
Pathogenesis of Pulmonary Fibrosis 

Cytokines 

TNFcx 
IL-lex and 13 
IL-6 

TGF- 13 
IL-4 
IL-10 
IL-12 
IL-13 
IFN--y 
IL-8 
MCP-1 and MJP-1 
RANTES 
PDGF 
IGF-1 
MMPs 
ET-1 , CTGF 

Their Role in the Pathogenesis of Pulmonary Fibrosis 

Chronic inflammation, mitogenic and chemotactic for fibroblasts 
Chronic inflammation, fibroblast proliferation 
Regulates inflammatory response, stimulates fibroblast proliferation and 

ECM deposition 
Fibroblast proliferation, ECM production 
F ibroblast proliferation, collagen production, suppression of Th I cytokines 
Suppresses pro-inflammatory cytokines and chemokines 
Skewing cytokine production toward Thi 
F ibroblast activation, ECM production 
Inhibits fibrobl asts proliferation and collagen synthesis 
Chemoattractant for neutrophils 
Mononuclear eel) recruitment 
Eosinophil and lymphocyte chemoattractant 
Fibroblast proliferation, ECM synthesis 
Fibroblast proliferation 
ECM destruction 
Cell proliferation and matrix production 
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Reference 

15,17 
25 

31-33 

68,88 
42,89 
90,91 

92 
45 

48,49 
93 

94,95 
96 

97,98 
99 

)3,14 
)00,101 

been suggested in the course of epidemiological studies with other chronic inflammatory 
diseases, genetic factors may also determine susceptibility or influence the clinical expression 
of pulmonary fibrosis . Table 24.2 provides a summary indicating where genetic variations 
have been implicated in the development or course of pulmonary fibrosis . 

The association between the TGF~l +915 (codon 25) single nucleotide polymorphism 
(SNP) and pre-transplant lung fibrosis was investigated in transplant patients.71 Stimulated 
lymphocytes containing the homozygous genotype (Arg/Arg) from control individuals 
displayed a higher production of the protein. The frequency of the minor variant was 
increased in patients displaying fibrosis, when compared to normal controls or patients 
with pre-transplant non-fibrotic pathology. The authors also found that this variation can 
predict the development of post-transplant lung fibrosis . Patients that developed allograft­
mediated fibrosis expressed the homozygous Arg/Arg, reflecting the high TGFPl producer 
genotype. The presence of the Pro allele in codon 10 of the TGF-~1 gene has been associated 
with rapid deterioration in gas exchange in patients with IPF.72 

Silicosis, an interstitial lung disease resulting from inhalation of crystalline silica, is 
characterized by chronic inflammation leading to severe pulmonary fibrotic changes. 
Laboratory animal and clinical studies have indicated that TNFcx and IL-I are important 
in regulating the development of silicotic lesions. In this respect, an association was 
found between disease severity and the functional polymorphism at position -238 of the 
TNFcx gene (OR =4, CI ; 2.4-6.8). Irrespective of disease severity, the other functional 
variants TNFcx -308 and IL- IRA +2018 conferred an increased risk for the presence 
of disease (OR= 2.2, 95% CI ; 1.4-3 .6 and OR= 2.1 , 95% CI ;l.3-3 .5, respectively).79·80 

In studies of South African miners, TNFcx polymorphisms in positions -238, -308, -376 
of the promoter region were associated with severe silicosis, providing confirmation to 
these associations (p = 0.022, 0.034, and 0.016, respectively).8 1 

Coal worker' s pneumoconiosis (CWP) is characterized by chronic inflammation 
that usually leads to fibrosis . In a study investigating associations between TNFcx gene 
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polymorphisms and development of CWP, the frequency of the TNFcx -308 variant 
was significantly increased in miners with CWP (50%), as compared with miners without 
Jung disease (25%) or non-miners (29%) (OR= 3.0, 95% CI; 1.0-9.0).82 The TNFcx -308 
and lymphotoxin-cx (LT A) Ncol polymorphisms were investigated in 253 coal miners 
exposed to low and high levels of coal dust and cigarette smoke. TNFcx can alter the oxidant/ 
antioxidant balance in the Jung by generating reactive oxygen species and modulating 
glutathione Jevels. 83 The LTA gene is located in tandem with the TNFcx gene on chromosome 
6p2 l.3 I and a functional polymorphism in LT A gene (Ncol) was found to be associated 
with pulmonary fibrosis. 84 Reactive oxygen species derived from coal dust and activated 
inflammatory cells are known to be important in CWP pathogenesis. 85 In a study investi­
gating the relationship between coal mine dust exposure and antioxidant enzyme activities, 
a strong association was found between catalase activity, cumulative dust exposure, and 
CWP severity.86 While the LTA Ncol polymorphism was associated with CWP prevalence 
in miners with low blood catalase activity (p = 0.05), the TNFcx -308 SNP showed an 
interaction with erythrocyte GSH-Px activity in individuals with high occupational exposure 
(p = 0.003). 87 This study showed that the TNFcx -308 and the LT A Ncol polymorphisms, 
along with occupational exposure and intermediate response phenotypes, may play a role 
in the pathogenesis of CWP. 

Fibrosing alveolitis is characterized by persistent alveolar inflammation and interstitial 
pulmonary fibrosis. Occupations where workers are exposed to metals, wood dusts, or 
other chemicals can sometimes cause fibrosing alveolitis. The frequency of TNFcx -308 
and IL- I RN +2018 variants were investigated in patients with fibrosing alveolitis and 
controls from the UK and Italy.21 The frequency of IL-IRN +2018 was increased in 
subjects with the homozygous minor variant (OR= 10.2, 95% CI; 1.3-81.4). Carriage of 
TNFcx -308 variant was also associated with increased risk of fibrosing alveolitis (OR= 2.5, 
95% CI; 1.1-5.5). These data suggest that IL-IRN +2018 and TNFcx -308 minor variants 
might confer increased risk of developing fibrosing alveolitis. 

24.4 GENE-GENE AND GENE-ENVIRONMENT INTERACTIONS 

As fibrotic lung diseases are complex, it is not surprising that several gene-gene interactions 
have been observed. While no significant associations were found in an JPF population 
with respect to LT A, TNF-receptor 2 (TNF-R2) or IL-6 gene polymorphisms, an increased 
frequency of individuals possessing both the IL-6 intron 4G and the TNF-R2 I 690 C alleles 
has been observed22

. In silicosis, the presence of both the JL-lcx +4845 and TNFcx -238 
variants was associated with an increased likelihood of severe disease.79 The frequency 
of TNFcx -238 was associated with severe silicosis, but the magnitude of this effect was 
greater in those subjects without the IL-lex +4845 variant. A second interaction was 
found between JL-IRA +2018 and TNFcx -308 variants. The proportion of moderate 
cases increased independently with the presence of either minor variant. For severe disease, 
however, both IL-IRA and TNFcx -308 variants were present. 79 Three-way interactions were 
identified between the proportion of cases in each possible gene-gene combination and 
two different categories of exposure (less than or equal to thirty years versus greater than 
thirty years) . These analyses showed an increased prevalence of silicosis with increasing 
exposure, except in .the case where both ]Llcx +4845 and TNFcx -308 variants were 
present. Nadif et al. (2003) showed an interaction of the TNFcx -308 genotype and high coal 
dust exposure and GSH-Px activity (p = 0.003). They postulated that chronic oxidative 
stress resulting from high dust exposure may down regulate GSH-Px, while the high­
producer TNFcx genotype modulates GSH-Px activity through regulation of GSH Jevels.87 
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24.5 CONCLUSIONS 

With the identification of the DNA sequence of the human genome and increasing dat.i 
on polymorphisms, genetic epidemiology offers a powerful approach to the identification 
of genetic variants that . influence susceptibility to many common diseases . Although the 
pathogenesis of pulmonary fibrosis remains incompletely understood, identification and 
understanding the role of genetic risk factors helps provide novel insights into the patho­
physiology of the disease and identify molecular regula tors of inflammatory and fibrotic 
processes. The use of new h igh-throughput genotyping technology, statistical genetic 
methods and robust association study designs which considers population stratification . 
sample size, intermediate phenotypes, linkaf e disequilibrium, and gene-gene/gene 
environment interactions, will help lead to a b tter understanding of fibrotic mechanisms 
in the lung and identification of high-risk gro ps. This information may also aid in the 
development of novel therapeutic targets at a m lecular level. 

REFERENCES 

I. Razzaque, M. S. and Taguchi, T., Pulmonary fibrosis : Cellular a nd molecular events, Pathol . 
Int., 53, 133, 2003. 

2. Ward, P. A. and Hunninghake, G. W., Lung inflammation and fibrosis , Am. J. Respir. Crit . 
Care Med., 157, Sl23, 1998. 

3. Kuwana, K., Hagimoto, N ., and Hara, N.t Molecular mechanisms of pulmonary fibrosis 
and current treatment. Curr. Mo/. Med., l, 5 1, 2001. 

4. Scott, J ., Johnston, I.. and Britton, J. , Wha
1 

causes cryptogenic fibrosing alveolitis? A case ­
control study of environmental exposure to dust. BMJ. 301. 1015. 1990. 

5. Baumgartner, K . B. et al. , Cigarette smoking: a risk factor for idiopathic pulmonary fibrosis. 
Am. J. Respir. Crit . Care Med., 155,242, 1997. 

6. Hubbard, R. et al. , Occupational exposure to metal or wood dust and aetiology of cryptogcni,· 
fibrosing alveolitis, Lancet, 347, 284, 1996. 

7. Strieter, R. M ., Mechanisms of pulmonary fibrosis : conference summary, Chest, 120, 77S, 200 I . 
8. Pardo. A. and Selman. M ., Molecular mechanisms of pulmonary fibrosis , From Biosci .. 7. 

d 1743, 2002. 
9. Selman, M ., King, T. E., and Pardo, A. , Idiopathic pulmonary fibrosis: prevailing and evol vin !-' 

hypotheses about its pathogenesis and implica tions for therapy, Ann. Intern . Med., 134, 13<, . 
2001. 

I 0 . Roman. J ., Extracellula r m a trix and lung inflammation. Immuno/. Res., 15, 163, 1996. 
11. Specks, U . et al., Increased expression of type VI collagen in lung fibrosis, Am. J. Respir. Cr11 

Care Med. , 151, 1956, 1995. 
12. Zhang, K ., Gharaee-Kermani, M., McGarry, 8 ., and Phan, S. H .. In situ hybridizati1111 

analysis of rat lung alpha I (I) and alpha 2(1) collagen gene expression in pulmonary fibr<1s1, 
induced by endotracheal bleomycin injection, Lab. !nl'est. , 70. 192, 1994. 

13. Swiderski, R. E. et al., Differential expression of extracellular matrix remodeling gc11,·, 
in a murine model of bleomycin-induced pulmonary fibrosis , Am. J. Pathol. , 152, 821-X::!~ . 
1998. 

14. Pardo, A. et al. , Production of collagenase and tissue inhibitor of metalloproteinases '" 
fibroblasts derived from normal and fibrotic human lungs, Chest , 102. 1085, 1992. 

15. Piguet. P. F. et al.. Requirement of tumour necrosis factor for development of silica-inducn 1 
pulmonary fibrosis , Nature , 344, 245, 1990. 

16. Piguet, P. F. and Vesin , C., Treatment by human recombinant soluble TNF receptor , ii 
pulmonary fibrosis induced by bleomycin or silica in mice, Eur. Ri!spir. J. , 7, 515, 1994. 

17. Sueoka, N. et al., Molecular pathogenesis of interstitial pneumonitis with TNF-alpli ;1 
transgenic mice. Cytokine, I 0, 124, 1998. 

.:_;~.,., 
·{f i 

-.;: 

Pulmonary Fibrosi: 

18 . Ortiz, L. A 
lung injury 

19. Piguet, P. 
pneumopa· 

20 . Zhang, Y. 
RNA exp 
exposure, . 

11. Whyte. M 
antagonist 
Med .. 162, 

22 . Pantelidis, 
necrosis fl 
pulmonary 

23. Riha, R. l 
Med. J., 3• 

24. Louis, E. 
productior 
humans, C 

25. Raines, E. 
and smoot 

26. Kolb, M. 
repair lead 

27. Piguet, P. 
(IL-Ira) p1 
5, 57, l 99~ 

28. Smith, D. 
fibrosis. A 

29. Rolfe, M . 
Respir. Di: 

30. Danis, V. 
normal h1 
antagonist 

31. Shahar, I. 
diseases, C 

32. Fries, K. 
for murine 

33. DiCosmo, 
mice. Unc 
2028, 1994 

34. Yoshida,~ 
of the inH 
gene, Proc 

35. Smith, R. 
lung injur~ 

36. Takizawa, 
from patie 
107, 175, : 

37. Fishman, 
IL-6 tram 
chronic ar 

38. Lukacs, J\ 
fibrosis, C 

39. Coker. R. 
11, 1218. : 



C:on.ditions 

asing data 
,ntification 
hough the 
:ation and 
the patho­
nd fibrotic 
:al genetic 
atification, 
gene/gene-
1echanisms 
aid in the 

:nts, Pathol. 

Respir. Crit. 

1ary fibrosis 

itis? A case-

. ary fibrosis, 

cryptogenic 

0, 77S, 2001. 
11 Biosci., 7, 

md evolving 
d., 134, 136, 

996. 
Respir. Crit . 

1ybridization 
nary fibrosis 

delin·g genes 
52, 821-828, 

oteinases by 

ilica-induced 

receptor of 
, 1994. 

TNF-alpha 

' 

Pulmonary Fibrosis 359 

18. Ortiz, L.A. et al., Expression ofTNF and the necessity ofTNF receptors in bleomycin-induced 
Jung injury in mice, Exp. Lung Res., 24, 721, 1998. 

19. Piguet, P. F. et al., Tumor necrosis factor/cachectin plays a key role in bleomycin-induced 
pneumopathy and fibrosis , J. Exp. Med., 170, 655, 1989. 

20. Zhang, Y. et al., Enhanced IL-I beta and tumor necrosis factor-alpha release and messenger 
RNA expression in macrophages from idiopathic pulmonary fibrosis or after asbestos 
exposure, J . lmmunol., 150, 4188, 1993. 

21. Whyte, M . et al. , Increased risk of fibrosing alveolitis associated with interleukin-I receptor 
antagonist and tumor necrosis factor-alpha gene polymorphisms, Am. J . Respir. Crit . Care 
Med., 162, 755, 2000. 

22. Pantelidis, P. et al. , Analysis of tumor necrosis factor-alpha, lymphotoxin-alpha, tumor 
necrosis factor receptor II , and interleukin-6 polymorphisms in patients with idiopathic 
pulmonary fibrosis, Am. J. Respir. Crit. Care Med., 163, 1432, 2001. 

23. Riha, R. L. et al., Cytokine gene polymorphisms in idiopathic pulmonary fibrosis , Intern. 
Med. J., 34, 126, 2004. 

24. Louis, E . et al. , Tumour necrosis factor (TNF) gene polymorphism influences TNF-alpha 
production in lipopolysaccharide (LPS)-stimulated whole blood cell culture in healthy 
humans, Clin. Exp. lmmunol., 113, 401, 1998. 

25. Raines, E . W., Dower, S. K ., and Ross, R ., Interleukin-) mitogenic activity for fibroblasts 
and smooth muscle cells is due to PDGF-AA, Science, 243, 393, 1989. 

26. Kolb, M . et al., Transient expression of IL-lbeta induces acute lung injury and chronic 
repair leading to pulmonary fibrosis, J. Clin. Invest., 107, 1529, 2001. 

27. Piguet, P . F. , Vesin, C., Grau, G. E., and Thompson, R. C. , Interleukin l receptor antagonist 
(IL-Ira) prevents or cures pulmonary fibrosis elicited in mice by bleomycin or silica, Cytokine, 
5, 57, 1993. 

28. Smith, D . R . et al., Increased interleukin-I receptor antagonist in idiopathic pulmonary 
fibrosis. A compartmental analysis, Am. J . Respir. Crit. Care Med., 151, 1965, 1995 . 

29. Rolfe, M . W. et al., Interleukin-I receptor antagonist expression in sarcoidosis, Am. Rev. 
Respir. Dis., 148, 1378, I 993. 

30. Danis, V . A., Millington, M., Hyland, V. J. , and Grennan, D., Cytokine production by 
normal human monocytes: inter-subject variation and relationship to an IL-I receptor 
antagonist (IL-I Ra) gene polymorphism, Clin. Exp. lmmunol., 99, 303, 1995. 

31. Shahar, 1. et al., Effect of IL-6 on alveolar fibroblast proliferation in interstitial lung 
diseases, Clin. Jmmunol. Jmmunopatho/., 79, 244, 1996. 

32. Fries, K . M ., Felch, M. E., and Phipps, R . P., Interleukin-6 is an autocrine growth factor 
for murine lung fibroblast subsets, Am. J. Respir. Cell. Mo/. Biol. , II , 552, I 994. 

33. DiCosmo, B. F . et al. , Airway epithelial cell expression of interleukin-6 in transgenic 
mice. Uncoupling of airway inflammation and bronchial hyperreactivity, J. Clin. lmest ., 94, 
2028, 1994. 

34. Yoshida, M . et al. , A histologically distinctive interstitial pneumonia induced by overexpression 
of the interleukin 6, transforming growth factor beta 1, or platelet-derived growth factor B 
gene, Proc. Natl. Acad. Sci. USA , 92, 9570, 1995. 

35. Smith, R . E . et al., TNF and IL-6 mediate MlP-Jalpha expression in bleomycin-induced 
Jung injury, J. Leukoc. Biol., 64, 528, 1998. 

36. Takizawa, H . et al., lncreased IL-6 and IL-8 in bronchoalveolar lavage fluids (BALF) 
from patients with sarcoidosis: correlation with the clinical parameters, Clin . Exp. lmmuno/., 
107, 175, 1997. 

37. Fishman, D. et al. , The effect of novel polymorphisms in the interleukin-6 (IL-6) gene on 
IL-6 transcription and plasma IL-6 levels, and an association with systemic-onset juvenile 
chronic arthritis, J. Clin . Invest ., 102, 1369, 1998. 

38 . Lukacs , N . W. et al., Type 1/type 2 cytokine paradigm and the progression of pulmonary 
fibrosis, Chest, 120, 5S, 2001. 

39 . Coker, R. K . and Laurent , G. J. , Pulmonary fibrosis : cytokines in the balance, Eur. Respir. J. , 
I I, 1218, 1998. 



360 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

Cytokine Gene Polymorphisms in Multifactorial Conditions 

Keane, M. P. and Strieter, R. M., The importance of balanced pro-inflammatory and anti­
inflammatory mechanisms in diffuse lung disease, Respir. Res., 3, 5, 2002. 
Westermann, W., Schobl, R ., Rieber, E. P., and Frank, K. H., Th2 cells as effectors in post­
irradiation pulmonary damage preceding fibrosis in the rat , Int . J . Radial. Biol. 75, 629, 1999. 
Gharaee-Kermani, M ., Nozaki, Y. , Hatano, K., and Phan, S . H ., Lung interleukin-4 gene 
expression in a murine model ofbleomycin-induced pulmonary fibrosis, Cytokine, 15, 138, 2001. 
Postlethwaite, A. E., Holness, M . A., Katai , H. ,.and Raghow, R., Human fibroblasts synthesize 
eleva ted ·levels of extracellular matrix proteins in response to interleukin 4, J . Clin . Invest ., 
90, 1479, 1992. 
Sempowski, G. D., Derdak. S. , and Phipps, R. P., Interleukin-4 and interferon-gamma 
discordantly regulate collagen biosynthesis by functionally distinct lung fibroblast subsets, 
J. Cell. Physiol., 167, 290, 1996. f 
Zhu, z. et al., Pulmonary expression of inter eukin-13 causes inflammation, mucus hyper­
secretion, subepithelial fibrosis, physiologic ab ormalities, and eotaxin production, J. Clin . 
Invest ., 103, 779, 1999. 
Gharaee-Kermani, M. and Phan, S. H., Lung Jnterleukin-5 expression in murine bleomycin­
induced pulmonary fibrosis, Am. J. Respir. Cell. Mo/. Biol., 16,438, 1997. 
Wallace, W. A., Ramage, E . A., Lamb, D., ahd Howie, S. E., A type 2 (Th2-like) pattern 
of immune response predominates in the pulmonary interstitium of patients with cryptogenic 
fibrosing alveolitis (CFA), Clin. Exp. lmmunol., IOI , 436, 1995. 
Duncan: M. R. and Berman, B., Gamma interferon is the lymphokine and beta interferon 
the monokine responsible for inhibition of fibroblast collag.en production and late but not 
early fibroblast proliferation, J. Exp. Med., 162, 516, 1985. 
Diaz, A., and Jimenez, S. A ., Interferon-gaFma regulates collagen and fjbronectin gene 
expression by transcriptional and post-transcri tional mechanisms, Int. J. Biochem. Cell. Biol., 
29, 25( , (997. I . 

50. Prior, C. and Haslam, P. L. , In vivo levels and in vitro production of interferon-gamma 
in fibrosing interstitial lung diseases, Clin. Exp. lmmunol., 88, 280, 1992. 
Ziesche, R. et al. , A preliminary study of long-term treatment with interferon gamma- I b 
and low-dose prednisolone in patients with idiopathic pulmonary fibrosis, N . Engl. J. Med., 
341, 1264, 1999. 

51. 

52. 

53. 

Awad, M. et al., CA repeat allele polymorphism in the first intron of the human interferon­
gamma gene is associated with lung allograft fibrosis, Hum. Immunol., 60, 343, 1999. 
Pravica, V. et al., A single nucleotide polymorphism in the first intron of the human 
IFN-gamma gene: absolute correlation with a polymorphic CA microsatellite marker of high 
IFN-gamma production, Hum. lmmunol., 61 , 863, 2000. 

54. Okamura, H . et al. , Regulation of interferon-gamma production by IL-12 and IL-18, Curr. 

55. 

56. 

Opin . lmmunol., 10, 259, 1998. 
Ramos, C. et al., Fibroblasts from idiopathic pulmonary fibrosis and normal lungs differ in 
growth rate, apoptosis, and tissue inhibitor of metailoproteinases expression, Am. J. Respir. 
Cell. Mo!. Biol., 24, 591 , 200 I. 
Fukuda, Y. et al., Localization of matrix metalloproteinases-1 , -2, and -9 and tissue inhibitor 
of metalloproteinase-2 in interstitial lung diseases, lab. Invest., 78, 687, 1998. 

57. Selman, M. et al. , TIMP-1, -2, -3 , and -4 in idiopathic pulmonary fibrosis. A prevailing 
nondegradative lung microenvironment?, Am. J. Physiol. lung Cell. Mo!. Physiol., 279. 
L562, 2000. 

58. Yaguchi T. , Fukuda, Y. , Ishizaki, M .. and Yamanaka, N., Immunohistochemical and 
gel;tin ~ymography studies for matrix metalloproteinases in bleomycin-induced pulmonary 
fibrosis , Pathol. Int ., 48, 954, 1998. 

59. 

60. 

61. 

Scabilloni, J. F. et al. , Matrix metalloproteinase induction in fibrosis and fibrotic nodule 
form a tion due to silica inhalation, Am. J. Physiol. lung Cell. Mo!. Physiol., 288, L709, 2005 . 
Henry, M. T . et al., Matrix metalloproteinases and tissue inhibitor of metalloproteinase-1 
in sarcoidosis and !PF, Eur. Respir. J., 20, 1220, 2002. 
Wa hl , S. M., McCartney- Francis, N., and Mergenhagen, S. E. , Inflammatory and 
immunomodulatory roles of TGF-beta, lmmunol. Today , 10, 258, 1989. 

Pu I mo nary Fibrosis 

62. Branton, M . 
63. Phan, S. H. 

fibrosis , Ex1-
64. Williams, A 

of transforn 
hyperplasia, 

65. Rube, C. E. 
in the lung , 
Phys., 47, )( 

66. Liu, J. Y. 
bronchiolar-

67. Jagirdar, J. 
isoforms in 

68. Khalil, N. 
forming gro 
5, 155, 1991 

69. Sime, P. J. e 
inflammatio 
factor-beta I 

70. Xing, Z., 1 
macrophage 
fibrosis by i 
Am. J. Path 

71. Awad, M . 
association 
graft fibrosi 

72. Xaubet, A. 
with diseast 
168, 431 , 2C 

73. Humphries, 
with risk of 
22, 2243, 2( 

74. Combarros, 
polymorphi 

75. Kornman, J 

disease, J. < 
76. Pulleyn, L. 

with asthm: 
77. D'Alfonso, 

evidence fo1 
78. Landi, S. e 

(IL)6, IL8, 
receptor ga1 

79. Yucesoy, I 
polymorphi 

80. Yucesoy, B 
Am. J. Ind. 

81 . Corbett, E. 
may predisr 
165, 690, 2( 

82. Zhai, R. e, 
in coal min-

83. Rahman, I 
glutathione 
epithelial Cf 



onditions 

·and anti-

, in post­
i29, 1999. 
in-4 gene 
138, 2001. 
;ynthesizc 
1. Invest .. 

,n-gamma 
t subsets, 

us hyper-
1, J. Clin. 

,Jeomycin-

e) pattern 
:yptogenic 

interferon 
:e but not 

ectin gene 
Cell. Biol., 

on-gamma 

gamma-lb 
I. J. Med. , 

interferon-
9. 
. he human 
~er .of high 

L-18, Curr. 

gs differ in 
. J . Respir. 

Je inhibitor 

. prevailing 
y siol., 279, 

emical and 
pulmonary 

otic nodulc 
.709, 2005. 
proteinase-1 

natory and 

Pulmonary Fibrosis 361 

62. Branton, M . H. and Kopp, J . B., TGF-beta and fibrosis, Microbes Infect., 1, 1349, 1999. 
63. Phan, S. H. and Kunkel, S. L., Lung cytokine production in bleomycin-induced pulmonary 

fibrosis , Exp. Lung. Res., 18, 29, 1992. 
64. Williams, A. 0 ., Flanders, K. C., and Saffiotti, U., Immunohistochemical localization 

of transforming growth factor-beta I in rats with experimental silicosis, alveolar type II 
hyperplasia , and lung cancer, Am. J. Pathol., 142, 1831 , 1993. 

65. Rube, C. E. et al., Dose-dependent induction of transforming growth factor beta (TGF-beta) 
in the lung tissue of fibrosis-prone mice after thoracic irradiation, Int. J. Radial. Oncol. Biol. 
Phys., 47, 1033, 2000. 

66. Liu , J . Y. et al. , Up-regulated expression of transforming growth factor-alpha in the 
bronchiolar-alveolar duct regions of asbestos-exposed rats, Am. J. Pathol., 149, 205, 1996. 

67. Jagirdar, J . et al., Immunohistochemical localization of transforming growth factor beta 
isoforms in asbestos-related diseases, Environ. Health. Perspect., JOSS, 1197, 1997. 

68. Khalil, N. et al. , Increased production and immunohistochemical localization of trans­
forming growth factor-beta in idiopathic pulmonary fibrosis , Am. J. Respir. Cell. Mo/. Biol. , 
5, 155, 1991. 

69. Sime, P. J. et al., Transfer of tumor necrosis factor-alpha to rat lung induces severe pulmonary 
inflammation and patchy interstitial fibrogenesis with induction of transforming growth 
factor-beta 1 and myofibroblasts, Am. J. Pa tho/., 153, 825, 1998. 

70. Xing, Z ., Tremblay, G. M., Sime, P. J. , and Gauldie, J ., Overexpression of granulocyte­
macrophage colony-stimulating factor induces pulmonary granulation tissue formation and 
fibrosis b y induction of transforming growth factor-beta 1 and myofibroblast accumulation , 
Am. J. Pathol., 150, 59, 1997. 

71. Awad, M. R. et al. , Genotypic vanat1on in the transforming growth factor-beta! gene: 
association with transforming growth factor-beta! production, fibrotic lung disease, and 
graft fibrosis after lung transplantation, Transplantation, 66, 1014, 1998. 

72. Xaubet , A . et al., Transforming growth factor-beta} gene polymorphisms are associated 
with disease progression in idiopathic pulmonary fibrosis , Am. J. Respir. Crit. Care Med. , 
} 68, 431 , 2003. 

73. Humphries, S. E. et al., The interleukin-6 -174 0/C promoter polymorphism is associated 
with risk of coronary heart disease and systolic blood pressure in healthy men, Eur. Heart J ., 
22, 2243, 2001. 

74. Combarros, 0 . et al. , Gene dose-dependent association of interleukin-IA (-889) allele 2 
polymorphism with Alzheimer's disease, J. Neural., 249, 1242, 2002 . 

75. Kornman, K. S. et al., The interleukin-} genotype as a severity factor in adult periodontal 
disease, J . Clin . Periodontol. , 24, 72, 1997. 

76. Pulleyn, L. J ., Newton, R., Adcock, l. M ., and Barnes, P. J ., TGFbeta 1 allele association 
with asthma severity, Hum. Genet., 109, 623, 2001. 

77. D 'Alfonso, S. et al. , Systemic lupus erythematosus candidate genes in the Italian population: 
evidence for a significant association with interleukin-JO, Arthritis Rheum., 43, 120, 2000 . 

78 . Landi, S. et al. , Association of common polymorphisms in inflammatory genes interleukin 
(IL)6, JL8, tumor necrosis factor alpha , NFKBI , and peroxisome proliferator-activated 
receptor gamma with colorectal cancer, Cancer Res., 63, 3560, 2003. 

79. Yucesoy, B. et al. , Association of tumor necrosis factor-alpha and interleukin-I gene 
polymorphisms with silicosis, Toxico/. Appl. Pharmaco/., 172, 75, 2001. 

80. Yucesoy, B. et al. , Polymorphisms of the JL-1 gene complex in coal miners with silicosis, 
Am. J. Ind. Med., 39, 286, 2001 . 

81. Corbett , E. L. et al. , Polymorphisms in the tumor necrosis factor-alpha gene promoter 
may predispose to severe silicosis in black South African miners, Am. J. Respir. Crit. Care Med., 
] 65, 690. 2002. 

82 . Zhai , R . et al. , Polymorphisms in the promoter of the t umor necrosis factor-alpha gene 
in coal miners, Am. J. Ind. Med .. 34, 318, 1998. 

83. Rahman. L Antonicelli , F ., and MacNee, W., Molecular mechanism of the regulation of 
glutathione synthesis by tumor necrosis factor-alpha and dexamethasone in human alveolar 
epithelial cells. J. Biol. Chem., 274, 5088, 1999. 

! 
t 
• . ,, 
; 



362 

84. 

85. 

86. 

87. 

88. 

89. 

90. 

91. 

92. 

93 . 

94. 

Cytokine Gene Polymorphisms in Multifactorial Conditiom 

Yamaguchi, E .. Itoh, A .. Hizawa, N., and Kawakami. Y ., The gene polymorphism of tumor 
necrosis factor-beta. but not that of tumor necrosis factor-alpha. is associated with tlK· 
prognosis of sarcoidosis. Chest, 119, 753, 200 I. 
Schins. R. P. and Borm. P. J., Mechanisms and mediators in coal dust induced toxicity: 
a review. Ann. Ocrnp. H_,·g., 43, 7, 1999. 
Nadif, R. et al.. Relations between occupational exposure to coal mine dusts, erythrocyte· 
catalase and Cu++;zn++ superoxide dismutase activities, and the seve'rity of coal worker< 
pne~moconiosis. Occup. £111·iron. Med., 55. 533, 1998. 
Nadif. R. et al., Effect of TNF and LT A polymorphisms on biological markers of response· 
to oxidative stirn uli in coal miners: a model of gene-environment interaction. Tumour 
necrosis factor and lymphotoxin alpha, J. Med. Genet., 40, 96, 2003 . 
Khalil, N., O'Connor, R. N., Flanders, K . ~ -· and Unruh. H .. TGF-beta I, but not TGF-bct;, 
2 o: TGF-be_ta 3, is ~ifferentially present i _epithelial cells _of advanced pulmonary fibrosis : 
an 1mmunoh1stochem1cal study, Am. J . Resnr. Cell. Mo/. Bwl., 14, 131. 1996. 
Gillery, P. et al.. lnterleukin-4 stimulate collagen gene expression in human fibroblas1 
monolayer cultures. Potential role in fibrosis. FEBS Leu., 302. 231, 1992. 
Martinez, J. A. et al:, Increased expression gf the interleukin-IO gene by alveolar macrophag.e·,­
in interstitial lung disease, Am. J. Ph_rsiol .. ~73, L676, 1997. 
Huaux. F. et al., Role of interleukin-IO in the lung response to silica in mice. Am. J. Respir 
Cell. Mo/. Biol., 18, 51, 1998. 
Trinchieri, G . and Gerosa. F., Immunoregulation by interleukin-12, J. Leukoc. Biol .. :,'! . 
505, 1996. 
Carre. P. C. et al.. Increased expression of the interleukin-8 gene by alveolar macrophage·, 
in idiopathic pulmonary fib~osis. A potential mechanism for the recruitment and activa 1 i"" 
of neutrophils in lung fibrosis, J. C/i11. Inv st., 88, 1802, 1991. 
Hasegawa, M .. Sato, S., and Takehara, K.r Augmented production ofchemokines(monocy1, · 
chemotactic protein-I (MCP-1), macrophage inflammatory protein-lalpha (MIP-lalpha) and 

MIP-lbeta) in patients with systemic sclerosis: MCP-1 and MIP-lalpha may be invohc-.1 
in the development of pulmonary fibrosis, Cli11. Exp. lmnwnol., 117, 159, 1999. 

95 . Smith, R. E., Chemotactic cytokines mediate leukocyte recruitment in fibrotic lung dise;1,-,· 
Biol. Signals, 5, 223, 1996. 

96. Petrek, M. et al.. The source and role of RANTES in interstitial lung disease, Eur. Respir . .I 

10, 1207, 1997. 
97. Antoniades, H. N. et al.. Platelet-derived growth factor in idiopathic pulmonary fibros1, 

J. Clin. Invest., 86, I 055, 1990. 
98. Yi, E. S. et al.. Platelet-derived growth factor causes pulmonary cell proliferation ;111, I 

collagen deposition in vfro. Am. J. Pathol., 149. 539. 1996. 
99. Bloor. C. A. et al., Differential mRNA expression of insulin-like growth factor-I spli, ,· 

variants in patients with idiopathic pulmonary fibrosis and pulmonary sarcoidosis, A111 . .I 

Respir. Crit. Care Med., 164, 265, 2001. 
100. Pan , L. H. et al., Type II alveolar epithelial cells and interstitial fibroblasts expr,·· . . 

connective tissue growth factor in IPF, Eur. Respir. J., 17, 1220. 2001. 
JOI. Saleh, D. et al., Elevated expression of endothelin-1 and endothelin-converting enzym,· 

in idiopathic pulmonary fibrosis: possible involvement of proinflammatory cytok i 11, 
Am. J. Respir. Cell. Mo!. Biol., 16, 187, 1997. 

J 02. Arkwright, P. D. et al.. TGF-beta( I) genotype and accelerated decline in lung func1 i,," 
of patients with cystic fibrosis, Thorax, 55, 459, 2000. 

103 . Yarden, J. et al., Association of tumour necrosis factor alpha variants with the CF pulm< >1 L,, ., 
phenotype. Thorax, 60. 320, 2005. 

104. Seitzer, U. et al., Tumour necrosis factor alpha promoter gene polymorphism in sarcoitJ.,.,,._ 
C_rtokine. 9, 787, 1997. 

25 I 

( 

I 

CONTENTS 

25.1 Introduc 
25.2 Chemoki 
25.3 Interleuk 

25.4 Interleuk 
25.5 Interleuk 

25.6 Tumor l' 
25.7 Transfor 

25.8 Interfero 
25.9 Conclusi 
Acknowledgmc 

References ... 

25.1 INTRO 

Athei-osclerosi~ 
mortality in ol, 

ity and death. 

atherosclerosis 

atherosclerosis 
sion, smoking 

On the oth 

known to inv< 

have establishe 

stages of this d 

complications. 

atherosclerosis 

predicts outco1 

damage. In a 

inflammatory 

lively defines 1 
provided by tr, 

significant prE 

Furthermore, 

gestive heart f; 

in chronic infl, 





' ;i 

· CYTOKINE GENE 
POLYMORPHISMS 

IN MULTIFACTORIAL 
CONDITIONS 

Edited by 
Koen Vandenbroeck 

Taylor & Francis 
Taylor & Francis Group 
Boca Raton London New Yori< 

CRC is an imprint of the Taylor & Francis Group, 
an informa business 

Bc-06- 0~(/7 






