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INFLAMMATION AND DYSREGULATED FIBROBLAST PROLIFERATION — NEW
MECHANISMS?
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AssTrAcT. Idiopathic pulmonary fibrosis (IPF) is a devastating, age-related lung disease of unknown cause that
has few treatment options. Once thought to be a chronic inflammatory process, current evidence indicates that
the fibrotic response may primarily be driven by abnormally activated alveolar epithelial cells and the underly-
ing mesenchyme. The mediators produced and present in this microenvironment induce the formation of fi-
broblast foci through the proliferation of resident mesenchymal cells, attraction of circulating fibrocytes, and
stimulation of epithelial to mesenchymal transition. The fibroblast and myofibroblast foci secrete excessive
amounts of extracellular matrix, mainly collagens, resulting in scarring and destruction of the lung architecture.
The detailed mechanisms that link IPF with ageing and aberrant epithelial activation are unknown, but some
evidence suggests that the abnormal recapitulation of developmental pathways and epigenetic changes may play
a role. This review provides a brief synopsis of highlights in the current understanding of the pathophysiology
of IPF, as well as novel therapeutics being explored in clinical trials for the treatment of this devastating dis-

ease. (Sarcoidosis Vasc Diffuse Lung Dis 2013; 30 Suppl 1: 21-26)
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INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a pro-
gressive fibrotic interstitial lung disease associated
with a decline in lung function that increasingly re-
stricts routine physical activity of the patient and has
a median survival of 2-5 years from diagnosis (1, 2).
It has long been assumed that the pathogenesis of
IPF involves a process of chronic repair that results
from persistent pulmonary inflammation with atten-
dant activation of inflammatory cells, cytokines and
growth factors capable of activating mesenchymal
cells, with enhanced matrix production and deposi-
tion leading to fibrosis (3). However, the majority of
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IPF patients show little or no evidence of ongoing
inflammation, raising questions as to whether IPF is
truly associated with chronic inflammation.

While the mechanisms that result in IPF are
still not fully understood, there is a strong suggestion
of the involvement of alveolar epithelial cell death
and alveolar collapse in the pathogenesis of usual in-
terstitial pneumonia (UIP) (4, 5). Research over the
past 10 years suggests that IPF may be an intrinsic
fibroproliferative disorder involving an aberrant
wound healing cascade where ongoing epithelial cell
damage and/or activation results in abnormal mes-
enchymal cell activation, derivation of myofibrob-
lasts, and excess matrix deposition (Figure 1) (3).
The current paradigm of the pathophysiology of IPF
has therefore shifted from a chronic inflammatory
process towards alveolar epithelial cell dysfunction
and disordered fibroproliferation being centre stage

(3-8).
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Fig. 1. Pathogenesis of IPF (3)

ALVEOLAR EPITHELIAL CELLS

Alveolar epithelial cells (AEC) type II play a
central role in regulating the fluid balance in the lung
by the synthesis, secretion, and recycling of surfac-
tant, thereby reducing surface tension and allowing
alveolar ventilation, perfusion and gas exchange at
normal transpulmonary pressures (9-12). The sur-
factant proteins SP-B and SP-C, and phospholipid
dipalmitoylated phosphatidylcholine are key compo-
nents of surfactant (12, 13). AEC type II also pro-
duce compounds of the innate immune defense sys-
tem, such as defensins, collectins (of which the SP-
A and SP-D are notable) and lysozyme, which con-
tribute towards the prevention of infection. SP-A
and SP-D, for example, bind to the surface of vari-
ous pathogens facilitating their removal by alveolar
macrophages (14-19).

AEC type II also have stem-cell-like or progen-

itor cell self-renewal characteristics and have a high

proliferative potential (20-22) for trans-differentiat-
ing into AEC type I (22). Mutations in the genes for
surfactant proteins SP-A and SP-C appear to be as-
sociated with an increased susceptibility of chronic
AEC type II cell injury and apoptosis in familial
forms of IPF and nonspecific interstitial pneumonia
(23-28). More than 30 different mutations of SP-C
have been reported to date (29). Abnormal telomere
shortening in AEC types I and II is also associated
with the development of IPF, suggesting that early
exhaustion of the regenerative properties of the alve-
olar stem cell pool may contribute to the progressive
fibrogenesis seen in IPF lungs (30).

FIBROBLASTS AND MATRIX DEPOSITION
Fibrosis is a pathobiological process common to

many human diseases and is characterised by the
progressive replacement of normal tissue with a col-
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lagen-rich extracellular matrix (31, 32). Myofibrob-
lasts in IPF originate from trans-differentiation of
interstitial fibroblasts, from AEC via epithelial mes-
enchymal transition, or from bone-marrow derived
circulating progenitor cells, the fibrocytes (33, 34).
Fibroblasts and activated myofibroblasts accumulate
as small clusters (fibroblastic foci) in subepithelial
areas (33, 34). The overlying epithelium consists of
hyperplastic pneumocytes or columnar non-ciliated
bronchiolar cells. These mesenchymal cells secrete
excessive amounts of extracellular matrix molecules,
primarily fibrillar collagens, but also many different
proteoglycans and glycoprotein, resulting in exten-
sive structural disorganisation of the lung microenvi-
ronment with loss of alveolar-capillary units with the
development of scarring and cysts (honeycombing)
(32).

The resulting tissue remodelling culminates in
increased tissue mechanical stiffness (35-37). Rela-
tively recent observations have highlighted the fact
that variations in matrix stiffness can potently alter
fibroblast morphology, proliferation, synthetic func-
tion, responsiveness to growth factor signalling (e.g.
transforming growth factor-beta [TGF-f]) and my-
ofibroblast activation (38-43). Thus, rather than
simply an outcome of fibrosis, stiffening of the me-
chanical environment may directly affect cellular be-
haviours that promote, amplify, and perpetuate fi-
brosis in an autocrine activation loop (44).

GROWTH FACTORS

Not only inflammatory cells but also aberrantly
activated AEC type II and interstitial mesenchymal
cells can produce many of the cytokines and growth
factors responsible for migration and proliferation of
local fibroblasts and their transition to myofibrob-
lasts. Much attention has focused on the role that
soluble inflammatory and fibrogenic mediators play
in the initiation and progression of fibrosis (45).
Whilst numerous, key factors include the pleiotrop-
ic growth factor TGF-B1, platelet derived growth
factor (PDGF), vascular endothelial growth factor
(VEGF), fibroblast growth factor (FGF), and inter-
leukin (IL)-13 (45-47). Integrins such as avfp6 are
able to activate latent, matrix-bound TGF-f and
thereby enhance profibrotic elements in the tissue
even without synthesis of new molecules (48). TGF-

1 is expressed at low or undetectable levels in nor-
mal lungs but is upregulated within AEC in IPF. In
fibroblasts isolated from patients with IPF, TGF-p1
promotes many of the pathogenic mechanisms of fi-
brosis and remodelling, such as enhanced collagen
synthesis, extracellular matrix deposition and fibrob-
last to myofibroblast differentiation (45, 49). The
lack of growth inhibition and delayed apoptosis
showed by fibrotic cells might be also related to a
modified response to tumour necrosis factor-alpha
(TNF-0) due to a reduced expression of TNF re-
ceptor 1, known to mediate growth inhibition and
resistance to apoptosis (50).

Several matrix metalloproteases (MMPs) are
upregulated in the lungs of IPF patients and have
been shown to actively participate in the pathogene-
sis of the disease through extracellular matrix re-
modelling and basement membrane disruption (51,
52). MMPs can also break down molecules that me-
diate cell-cell and cell-extracellular matrix interac-
tions, and can activate growth factors and growth
factor receptors indicating that they likely contribute
to other local biological processes such as apoptosis,
migration, proliferation and angiogenesis (51).

IMPLICATIONS FOR TREATMENT

Advances in the understanding of the patho-
genetic processes involved in the development of
IPF have led to novel therapeutic targets. An in-
creasing number of compounds currently in preclin-
ical and clinical development aim at these novel “fi-
brotic” mechanisms, as opposed to the more tradi-
tionally used anti-inflammatory strategies that have
largely failed for IPF therapy (53). Pirfenidone, an
orally administered pyridone derivative (5-methyl-
1-phenyl-2-[1H]-pyridone), is the first anti-fibrot-
ic agent to be approved for clinical use in the treat-
ment of IPF (54). Its exact biological mechanisms
are still unknown, but it has a number of properties
that give it an attractive anti-fibrotic drug profile.
Pirfenidone is an anti-inflammatory and anti-oxi-
dant agent that inhibits TGF-f and TNF-a in
vitro, both having a likely role in IPF progression
(54, 55). Pirfenidone acts as an anti-fibrotic by al-
tering the expression, synthesis, and accumulation
of collagen, and inhibiting the recruitment, prolifer-
ation and possibly expression of the extracellular
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matrix-producing cells, as shown in a variety of an-
imal models (56).

Receptor tyrosine kinases are another potential
therapeutic target for IPF. Several signalling path-
ways activated by these tyrosine kinase receptors are
involved in lung fibrosis (57-59) and inhibition of
specific receptors may slow the progression of IPF
(47, 59-62). BIBF 1120 is a potent intracellular ty-
rosine kinase inhibitor that is in clinical develop-
ment (phase III) for the treatment of IPF and a
number of types of cancer. Its targets include
platelet-derived growth factor receptors (PDGFR)
o and B, vascular endothelial growth factor receptors
(VEGFR) 1, 2, and 3, and fibroblast growth factor
receptors (FGFR) 1, 2, and 3 (59, 63).

Another compound under investigation for IPF
is serum amyloid P (SAP), a member of the pen-
traxin family of proteins. SAP interferes with
bleomycin-induced lung fibrosis through inhibition
of downstream TGF-f1 effects, and alters fibroblast
apoptosis, tissue inflammation, pulmonary fibrocyte
accumulation and collagen deposition, but does not
affect levels of TGF-f1 themselves. SAP also ap-
pears to influence pulmonary macrophages and in-
crease the anti-fibrotic chemokines IP10/CXCL10
in a SMAD 3-independent manner, which may con-
tribute to its pronounced anti-fibrotic effects. Inter-
estingly, circulating SAP concentrations are reduced
in IPF patients (64).

A further potential target in fibrotic disorders is
the NADPH oxidase (NOX) family of enzymes.
NOX4, for example, catalyses the reduction of O, to
form reactive oxygen species (ROS) and is upregulat-
ed in IPF lungs. NOX4-dependent generation of hy-
drogen peroxide (H,O,) is required for TGF-p1-in-
duced myofibroblast differentiation, extracellular ma-
trix production, and contractility. Initial proof-of-
concept studies in two different murine models of
lung injury have suggested that genetic or pharmaco-
logic targeting of NOX4 abrogates fibrogenesis (65).

Collagen crosslinking is yet another important
mechanism that is enhanced in IPF lungs and con-
tributes to matrix accumulation and rigidity. Partic-
ular attention is currently on the lysyl oxidases and
especially LOXL2, for which neutralising antibodies
have been developed and shown excellent preclinical
efficacy in animal models (66). The clinical useful-
ness of this compound in currently investigated in a

large trial in IPF.

Discussion

Over the past 10 years, substantial advances
have been made in the understanding of the patho-
physiology of IPF. As new pathogenic pathways and
mediators are discovered, new therapies in develop-
ment are targeting the fibroblastic process and ab-
normal tissue remodelling, excessive extracellular
matrix accumulation, and angiogenesis more direct-
ly. While it is likely that any effective treatment
strategy for IPF will need to target more than one
of the pro-fibrotic pathways associated with its
complex pathogenesis, only one agent has been ap-
proved to date worldwide. Although the mecha-
nisms underlying this disease remain poorly under-
stood, the advances that have been made provide
momentum for the discovery and development of
additional and/or alternative effective treatment
modalities.

ACKNOWLEDGMENTS

The author thanks C. Trenam and M. Smith of In-
traMed Europe for editorial assistance in the preparation
of the manuscript. Development of this article was sup-

ported by InterMune.

REFERENCES

[u—y

. American Thoracic Society, European Respiratory Society. American
Thoracic Society/European Respiratory Society International Multi-
disciplinary Consensus Classification of the Idiopathic Interstitial
Pneumonias. Am J Respir Crit Care Med 2002; 165: 277-304.

2. Raghu G, Collard HR, Egan J], et al. Idiopathic Pulmonary Fibrosis:
An Official ATS/ERS/JRS/ALAT Statement: Idiopathic Pulmonary
Fibrosis: Evidence-based Guidelines for Diagnosis and Management.
Am ] Respir Crit Care Med 2011; 183: 788-824.

3.King TE Jr, Pardo A, Selman M. Idiopathic pulmonary fibrosis.
Lancet 2011; 378: 1949-61.

4. Myers JL, Katzenstein AL. Epithelial necrosis and alveolar collapse in
the pathogenesis of usual interstitial pneumonia. Chest 1988; 94:
1309-11.

5. Selman M, Pardo A. Role of epithelial cells in idiopathic pulmonary
fibrosis. From innocent targets to serial killers. Proc Am Thorac Soc
2006; 3: 364-72.

6. Selman M, King TE Jr, Pardo A. Idiopathic pulmonary fibrosis. Pre-

vailing and evolving hypothesis about its pathogenesis and implica-

tions for therapy. Ann Intern Med 2001; 134: 136-51.

Gauldie J, Kolb M, Sime PJ. A new direction in the pathogenesis of id-

iopathic pulmonary fibrosis? Respir Res 2002; 3: 1-3.

8. Rafii R, Juarez MM, Albertson TE, Chan AL. A review of current and

novel therapies for idiopathic pulmonary fibrosis. ] Thorac Dis 2013;

5: 48-73.

~N



Pathophysiology of idiopathic pulmonary fibrosis

25

9. Pattle R. Properties, function and origin of the alveolar lining layer.
Nature 1955; 175: 1125-6.

10. Clements JA. Surface tension of lung extracts. Proc Soc Exp Biol

1

Med 1957; 95: 170-2.

. Tierney DF. Lung surfactant: some historical perspectives leading
to its cellular and molecular biology. Am J Physiol 1989; 257: L1-
12.

—_

12. Fehrenbach H. Alveolar epithelial type II cell: defender of the alveo-

lus revisited. Respir Res 2001; 2: 3 3-46.

13. Hills BA. An alternative view of the role(s) of surfactant and the alve-

olar model. ] Appl Physiol 1999; 87: 1567-83.

14. Pison U, Max M, Neuendank A, et al. Host defence capacities of pul-

monary surfactant: evidence for “non-surfactant” functions of the sur-
factant system. Eur J Clin Invest 1994; 24: 586-9.

15. Wright JR. Host defence functions of surfactant. In: Rooney SA, ed.

1

1

1

1

2

2

Lung Surfactant: Cellular and Molecular Processing. Austin, RG.
Landes Company, 1998; pp. 191-214.

6. Crouch EC. Surfactant protein-D and pulmonary host defence.
Respir Res 2000; 1: 93-108.

7. Singh G, Katyal SL, Brown WE, et al. Pulmonary lysozyme: a secre-
tory protein of type II pneumocytes in the rat. Am Rev Respir Dis
1988; 138: 1261-7.

8. Haller EM, Shelley SA, Montgomery MR, et al. Immunocytochem-
ical localization of lysozyme and surfactant protein A in rat type II
cells and extracellular surfactant forms. ] Histochem Cytochem 1992;
40: 1491-500.

9. Daniels CB, Lopatko OV, Orgeig S. Evolution of surface activity re-
lated functions of vertebrate pulmonary surfactant. Clin Exp Phar-
macol Physiol 1998; 25: 716-21.

0. Kauffman SL. Cell proliferation in the mammalian lung. Int Rev Exp

Pathol 1980; 22: 131-91.
. Uhal BD. Cell cycle kinetics in the alveolar epithelium. Am ] Physi-
ol 1997; 272: 1.L1031-45.

—_

22. Bhaskaran M, Kolliputi N, Wang Y, et al. Trans-differentiation of

2

alveolar epithelial type II cells to type I cells involves autocrine sig-
naling by transforming growth factor-b1 through the Smad pathway.
J Biol Chem 2007; 282: 3968-76.

3. Korfei M, Ruppert L, Mahavadi P, et al. Epithelial endoplasmic retic-
ulum stress and apoptosis in sporadic idiopathic pulmonary fibrosis.
Am J Respir Crit Care Med 2008; 178: 838-46.

24. Thomas AQ, Lane K, Phillips J 3rd, et al. Heterozygosity for a sur-

2

2

2

factant protein C gene mutation associated with usual interstitial
pneumonitis and cellular nonspecific interstitial pneumonitis in one
kindred. Am J Respir Crit Care Med 2002; 165: 1322-8.

5. Nogee LM, Dunbar AE 3rd, Wert SE, et al. A mutation in the sur-
factant protein C gene associated with familial interstitial lung dis-
ease. N Engl ] Med 2001; 344: 573-9.

6. Nogee LM, Dunbar AE 3rd, Wert SE, et al. Mutations in the sur-
factant protein C gene associated with interstitial lung disease. Chest
2002; 121(Suppl 3): 20S-218.

7. Cameron HS, Somaschini M, Carrera P, et al. A common mutation
in the surfactant protein C gene associated with lung disease. ] Pedi-

atr 2005; 146: 370-5.

28. Brasch F, Griese M, Tredano M, et al. Interstitial lung disease in a ba-

2

3

3

by with a de novo mutation in the SFTPC gene. Eur Respir J 2004;
24: 30-9.

9. Beers MF, Mulugeta S. Surfactant protein C. Biosynthesis and its
emerging role in conformational lung disease. Annu Rev Physiol
2005; 67: 663-6.

0. Alder JK, Chen JJ, Lancaster L, et al. Short telomeres are a risk fac-
tor for idiopathic pulmonary fibrosis. Proc Natl Acad Sci USA 2008;
105: 13051-6.

1. Desmouliere A, Darby IA, Gabbiani G. Normal and pathologic soft
tissue remodeling: role of the myofibroblast, with special emphasis on

liver and kidney fibrosis. Lab Invest 2003; 83: 1689-707.

32.

33.

34.

35.

36.

37.

39.

40.

41.

42.

43.

44,

45.

46

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

Cool CD, Groshong SD, Rai PR, et al. Fibroblast foci are not discrete
sites of lung injury or repair: the fibroblast reticulum. Am ] Respir
Crit Care Med 2006; 174: 654-8.

Kim KK, Kugler MC, Wolters PJ, Robillard L, Galvez MG,
Brumwell AN, Sheppard D, Chapman HA. Alveolar epithelial cell
mesenchymal transition develops iz vivo during pulmonary fibrosis
and is regulated by the extracellular matrix. Proc Natl Acad Sci USA
2006; 103: 13180-5.

Willis BC, duBois RM, Borok Z. Epithelial origin of myofibroblasts
during fibrosis in the lung. Proc Am Thorac Soc 2006; 3: 377-82.
Gross TJ, Hunninghake GW. Idiopathic pulmonary fibrosis. N Engl
J Med 2001; 345: 517-25.

Tomasek JJ, Gabbiani G, Hinz B, Chaponnier C, Brown RA. Myofi-
broblasts and mechano-regulation of connective tissue remodelling.
Nat Rev Mol Cell Biol 2002; 3: 349-63.

Liu F, Mih JD, Shea BS, et al. Feedback amplification of fibrosis
through matrix stiffening and COX-2 suppression. J Cell Biol 2010;
190(4): 693-706.

Wipff PJ, Rifkin DB, Meister JJ, Hinz B. Myofibroblast contraction
activates latent TGF-betal from the extracellular matrix. J Cell Biol
2007; 179: 1311-23.

Arora PD, Narani N, McCulloch CA. The compliance of collagen
gels regulates transforming growth factor-beta induction of alpha-
smooth muscle actin in fibroblasts. Am J Pathol 1999; 154: 871-82.
Wang HB, Dembo M, Wang YL. Substrate flexibility regulates
growth and apoptosis of normal but not transformed cells. Am J
Physiol Cell Physiol 2000; 279: C1345-50.

Paszek MJ, Zahir N, Johnson KR, et al. Tensional homeostasis and
the malignant phenotype. Cancer Cell 2005; 8: 241-54.

Goffin JM, Pittet P, Csucs G, Lussi JW, Meister JJ, Hinz B. Focal ad-
hesion size controls tension-dependent recruitment of a-smooth
muscle actin to stress fibers. ] Cell Biol 2006; 172: 259-68.

Georges PC, Hui JJ, Gombos Z, McCormick ME, Wang AY, Ue-
mura M, Mick R, Janmey PA, Furth EE, Wells RG. 2007. Increased
stiffness of the rat liver precedes matrix deposition: implications for
fibrosis. Am ] Physiol Gastrointest Liver Physiol 2007; 293: G1147-
G1154. doi:10.1152/ajpgi.00032.2007

Wynn TA. Cellular and molecular mechanisms of fibrosis. ] Pathol
2008; 214: 199-210. doi:10.1002/path.2277

. Vij R, Noth L. Peripheral Blood Biomarkers in Idiopathic Pulmonary

Fibrosis. Transl Res 2012 April; 159(4): 218-27.

Yu C, Wang F, Jin C, et al. Role of Fibroblast Growth Factor Type 1
and 2 in Carbon Tetrachloride-Induced Hepatic Injury and Fibroge-
nesis. Am ] Pathol 2003; 163: 1653-62.

Horan GS, Wood S, Ona V, et al. Partial inhibition of integrin al-
pha[v]beta6 prevents pulmonary fibrosis without exacerbating in-
flammation. Am J Respir Crit Care Med 2008; 177: 56-65.

Raghu G, Masta S, Meyers D, et al. Collagen synthesis by normal and
fibrotic human lung fibroblasts and the effect of transforming growth
factor-b. Am Rev Respir Dis 1989; 140: 95-100.

Thannickal V], Horowitz JC. Evolving concepts of apoptosis in idio-
pathic pulmonary fibrosis. Proc Am Thorac Soc 2006; 3: 350-6.
Pardo A, Selman M. Molecular mechanisms of pulmonary fibrosis.
Front Biosci 2002, 7: d1743-1761.

Vancheri C, Failla M, Crimi N, et al. Idiopathic pulmonary fibrosis:
a disease with similarities and links to cancer biology. Eur Respir J
2010; 35: 496-504.

Maher TM. Idiopathic pulmonary fibrosis: pathobiology of novel ap-
proaches to treatment. Clin Chest Med 2012; 33 (1): 69-83.

Carter NJ. Pirfenidone: in idiopathic pulmonary fibrosis. Drugs
2011; 71: 1721-32.

Walter N, Collard HR, King TE Jr. Current perspectives on the treat-
ment of idiopathic pulmonary fibrosis. Proc Am Thorac Soc 2006; 3:
330-8.

Schaefer CJ, Ruhrmund DW, Pan L, Seiwert SD, Kossen K. Antifi-



26

M. Kolb

brotic activities of pirfenidone in animal models. Eur Respir Rev
2011; 20: 85-97.

57. Coward WR, Saini G, Jenkins G. The pathogenesis of idiopathic pul-
monary fibrosis. Ther Adv Respir Dis 2010; 4: 367-88.

58. Allen JT, Spiteri MA. Growth factors in idiopathic pulmonary fibro-
sis: relative roles. Respir Res 2002; 3: 13.

59. Grimminger F, Schermuly RT, Ghofrani HA. Targeting non-malig-
nant disorders with tyrosine kinase inhibitors. Nat Rev Drug Discov
2010; 9: 956-70.

60. Chaudhary NI, Roth GJ, Hilberg F, et al. Inhibition of PDGF,
VEGF and FGF signaling attenuates fibrosis. Eur Respir J 2007; 29:
976-85.

. Abdollahi A, Li M, Ping G, et al. Inhibition of platelet-derived
growth factor signaling attenuates pulmonary fibrosis. ] Exp Med
2005; 201: 925-35.

62. Hamada N, Kuwano K, Yamada M, et al. Anti-vascular endothelial
growth factor gene therapy attenuates lung injury and fibrosis in
mice. ] Immunol 2005; 175: 1224-31.

63. Hilberg F, Roth GJ, Krssak M, et al. BIBF 1120: triple angiokinase

6

—_

inhibitor with sustained receptor blockade and good antitumor effi-
cacy. Cancer Res 2008; 68: 4774-82.

64. Murray LA, Chen Q, Kramer MS, et al. TGF-beta driven lung fi-
brosis is macrophage dependent and blocked by Serum amyloid P. Int
J Biochem Cell Biol 2011; 43 (1): 154-62.

65. Hecker L, Vittal R, Jones T, et al. NADPH oxidase-4 mediates my-
ofibroblast activation and fibrogenic responses to lung injury. Nat
Med 2009; 15: 1077-81.

66. Barry-Hamilton V, Spangler R, Marshall D, et al. Allosteric inhibi-
tion of lysyl oxidase-like-2 impedes the development of a pathologic
microenvironment. Nat Med 2010; 16: 1009-17.

DiscLosURES

* Member of Advisory Boards for GSK UK and InterMune Canada

* Member of Boehringer Ingelheim Steering Committee for BIPF trials

* Principal Investigator for IPF trials (Actelion, Boehringer Ingelheim,
Centocor, Sanofi)

* Unrestricted research grants from GSK and Boehringer Ingelheim

* Speaker honoraria from Boehringer Ingelheim, GSK, InterMune, AZ.





