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Abstract

Fibrotic pulmonary and pleural disorders represent a group of intrathoracic disorders with
different etiologies and prognoses. A prominent part of both pulmonary and pleural fibrotic
disorders remains etiologically unknown. An essential feature for all these disorders is an increase
and disarray of many extracellular matrix proteins which take part in the remodeling of the
fibrotic tissue. Further, the injury in pulmonary as well as in pleural fibrosis occurs often at the
border between the epithelial or mesothelial and the mesenchymal cells breaking the epithelial
basement membrane. Tenascin is an oligomeric matrix glycoprotein of the extracellular matrix.
The best known isoforms are tenascin -C, -X, -R, -Y and -W. Tenascin-C is synthesized during
embryonic development, expressed in a variety of tumors, being absent or scantily expressed in
most adult tissues. The function of tenascin-C is still unclear. In lung, tenascin-C has been shown
to be expressed in fetal lung during branching morphogenesis, benign and malignant lung tumors,
idiopathic pulmonary fibrosis, sarcoidosis and asthma.

The aim of the present study was to study tenascin-C (later called tenascin) expression in
various types of pulmonary fibrosis such as usual interstitial pneumonia (UIP), desquamative
interstitial pneumonia (DIP), nonspecific interstitial pneumonia (NSIP), bronchiolitis obliterans
organizing pneumonia (BOOP), sarcoidosis and extrinsic allergic alveolitis as well as in fibrotic
and inflammatory disorders of the pleura of different etiologies. Further, the aims were to
compare the accumulation of tenascin with the prognosis in UIP, to confirm the
immunohistochemical findings in UIP by Western blotting and immunoelectron miscroscopic
(immuno-EM) studies, to investigate which cells synthesize tenascin in UIP and in pleural
fibrosis by mRNA in situ hybridization, and to determine whether epithelial lining fluid (ELF)
and serum tenascin concentration are increased in patients with UIP, sarcoidosis and extrinsic
allergic alveolitis.

Tenascin was shown to be increased by immunohistochemical studies in all types of
pulmonary and pleural fibrotic disorders included in the study. In UIP, increased tenascin
expression was associated with a shortened survival time of the patients. In immuno-EM, labeling
for tenascin was seen within type II pneumocytes. UIP cases showed reactivity for a polypeptide
of Mr ≈ 200 000 by Western blotting. Myofibroblasts and type II pneumocytes were mainly
shown to synthesize tenascin in UIP. Also in pleural fibrosis myofibroblasts, and in addition
possibly mesothelial cells, were observed to be responsible for its synthesis. ELF and serum
tenascin concentrations were increased in UIP, sarcoidosis and extrinsic allergic alveolitis.

In conclusion, tenascin expression is increased in pulmonary and pleural fibrotic disorders,
especially in newly formed fibrosis. In UIP, tenascin is actively synthesized at the sites of recent
epithelial injury, suggesting that it plays an important role in the fibrogenesis in the lung.

Keywords: pulmonary fibrosis, pleural fibrosis
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1. Introduction

Fibrotic pulmonary and pleural disorders represent a group of diseases with widely
different etiologies, therapies and prognoses. In many cases a definite diagnosis is not
easy to find, and often a histological evaluation of a tissue specimen is necessary. A
feature all these disorders have in common is an increase of many extracellular matrix
proteins which take part in the remodeling of the fibrotic tissue.

Tenascin is an oligomeric extracellular matrix glycoprotein discovered in the 1980's
(Bourdon et al. 1983, Chiquet & Fambrough 1984a). Its best known isoforms are
nowadays tenascin-C (Joneset al. 1989), -X (Morel et al. 1989), -R (Rathjenet al.
1991), -Y (Hagioset al. 1996) and -W (Weberet al. 1998). Tenascin is expressed
during wound healing (Mackieet al. 1988), embryonic development and carcinogenesis
(Erickson & Bourdon 1989) and inflammation (Koukouliset al. 1991), suggesting that it
has a role in tissue remodeling. The function of tenascin is still, however, unknown,
though it has been proposed that tenascin-C is an adhesion modulating protein (Chiquet-
Ehrismann 1995).

Only a few previous studies dealing with tenascin in human pulmonary and pleural
fibrotic disorders have been published (Lawniczaket al. 1992, Kuhn & Mason 1995,
Wallaceet al. 1995). The purpose of this study was to investigate tenascin expression
and distribution in various fibrotic pulmonary and pleural disorders by
immunohistochemistry, immunoelectron microscopy, Western blotting, mRNAin situ
hybridization and enzyme immunoassay method. In addition it was tested whether
accumulation of tenascin could correlate with the prognosis in usual interstitial
pneumonia (UIP), which is the most common type of idiopathic pulmonary fibrosis with
poor prognosis (Katzenstein & Myers 1998, Bjorakeret al.1998).



2. Review of the literature

2.1. Pulmonary fibrosis

Fibrotic pulmonary disorders include a diverse group of disorders of the lower
respiratory tract characterized by injury to the lung parenchyma and by replacement of
the normal architecture by mesenchymal cells and the connective-tissue matrix secreted
by these cells (Crystalet al. 1981, Crystalet al. 1984, Wolff & Crystal 1997). In lung,
fibrosis is a nonspecific reaction to injury. It is usually seen in association with an
inflammatory process, which has been referred to as "alveolitis" (Scadding 1964, Keogh
& Crystal 1982). Nowadays it is presumed that alveolitis precedes the injury and fibrosis
of fibrotic lung disease (Wolff & Chrystal 1997). The term "interstitial lung disease" has
often been used to denote a lung disorder with some degree of interstitial fibrosis. It is
now recognized, however, that most fibrotic pulmonary disorders are "intra-alveolar" as
well "interstitial" (Bassetet al. 1986, Wolff & Crystal 1997). Even though there are
more than 100 causes for pulmonary fibrosis, its etiology frequently remains unknown
(Dail & Hammar 1994).

Squamous (type I pneumocytes) and cuboidal (type II pneumocytes) epithelial cells
line the alveoli. The epithelial and capillary basement membranes (BM) in the alveolar
septum are irregularly fused. Gas transfer takes place across the alveolar-capillary
membrane, which includes the attenuated cytoplasm of type I pneumocyte, the
endothelial cell cytoplasm and their fused BMs (Colby & Yousem 1997). Both capillary
endothelial and alveolar epithelial cell layers constitute the barrier that, under normal
conditions, keeps the lung "dry", whereas the BM is permeable to liquids,
macromolecules, and even cells (Lauwerynset al. 1974). An interstitium of the alveolar
walls, i.e. alveolar septum, is present in some regions of the alveolar wall and
perivascular areas. It contains collagens, elastic fibers, proteoglycans, BM components,
mesenchymal cells such as fibroblasts, myofibroblasts, smooth muscle cells, pericytes,
and some fibroblast-like cells, which appear to be undifferentiated. The inflammatory
cells include lymphocytes, mast cells, rare polymorphonuclear leukocytes and interstitial
macrophages (histiocytes). (Weibel & Crystal 1997). The major role of the interstitium
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is to separate and bind together the cell layers of the airspace epithelium and the
vascular endothelium and to join different parts of the lung (Weibel & Crystal 1997). In
acute lung injury, the alveoli are filled with proteinaceous fluid, blood cells,
macrophages, cell debris, remnants of surfactant and strands of amorphous, fibrin-
containing material covering alveolar surfaces (i.e. hyaline membranes), and the
interstitial spaces are enlarged by accumulation of a cell-rich fluid. Abundant exudate in
the interstitial space suggests an increased endothelial permeability, while alveolar
edema suggests an additional epithelial leakage. (Bachofen & Bachofen1997).

The extracellular matrix is a stable complex of macromolecules that lies underneath
epithelial cells and surrounds connective tissue cells. It not only provides tissues with
structural support but also exchanges information with cells (Martinez-Hernandez
1999). In normal lung, the major elements of the extracellular matrix include collagen
types I, III, V and VI, elastic fibers, fibronectin, proteoglycans, and basement membrane
proteins type IV collagen, laminin, nidogen and heparan sulfate proteoglycan (Weibel &
Crystal 1997). Both in animal models and in human material an increase in the amounts
of type I procollagen, type III procollagen, fibronectin (Swiderskiet al. 1998), and type
I, III and VI collagen has been detected in the fibrotic lung (Raghuet al. 1985, Saldiva
et al. 1989, Speckset al. 1995). Glycosaminoglycans versican, decorin, biclycan and
hyaluronan also accumulate in alveolar walls in pulmonary fibrosis (Bensadounet al.
1996). In human fibrotic lung of idiopathic type, collagenase production is decreased,
which may contribute to the accumulation of collagen (Pardoet al.1992).

Fibrosis results mainly from organization of exudate within airspaces, especially in
the idiopathic form of pulmonary fibrosis. During this process, fibroblasts increase their
synthesis of collagen and fibronectin (Fukudaet al. 1985). Three patterns of
intraluminal organization and fibrosis have been recognized, namely intraluminal buds,
obliterative changes and mural incorporation (Bassetet al. 1986). In addition to
proliferation of fibroblasts and deposition of collagen, the folding of portions of alveolar
septa or the collapse of entire alveoli with apposition of their walls and incorporation of
intra-alveolar exudates into alveolar septa are important mechanisms in the pathogenesis
of interstitial fibrosis (Katzenstein 1985). The injury in epithelium is often associated
with moving of the interstitial contents through the defective basement membrane (BM)
into the intra-alveolar space (Fukudaet al. 1985). So most fibrotic pulmonary disorders
are intra-alveolar as well as interstitial (Bassetet al.1986).

In normal lung, type II pneumocytes are more numerous than type I pneumocytes.
However, they cover only 7 % of alveolar surface while type I pneumocytes cover the
remaining 93 % (Crapoet al. 1982). Epithelial injury involves type I pneumocytes, but
the recovery phase is characterized by proliferation of type II pneumocytes (Adamson
1974). Type II pneumocytes are capable of division, proliferation and differentiation
into type I pneumocytes (Evanset al. 1975). Ultrastructural studies show that two types
of epithelial cells, type II pneumocytes and cuboidal cells of bronchiolar origin, serve as
sources of epithelial regeneration in fibrotic human lungs (Kawanamiet al. 1982).
Furthermore, the squamous metaplasia and the bronchiolization often detected in the
histologic samples of the fibrotic lung are thought to be derived from bronchiolar
epithelial cells (Kawanamiet al.1982).

In pulmonary fibrosis, especially the idiopathic type, inflammation characterized by
an increase of a variety of cell types, i.e. alveolar macrophages, neutrophils, eosinophils,
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T-cells, B-cells, basophils and mast cells, is thought to play a central role in the
pathogenesis of the disease (Cherniaket al. 1991). Neutrophils are potent oxidant
producers, and macrophages are also able to release growth signals for mesenchymal
cells (Wolff & Crystal 1997). Alveolar macrophages release chemotactic factors, like
leukotriene B4 and interleukin 8 (IL 8), for neutrophils (Martinet al.1987, Baggioliniet
al. 1989). Also parenchymal cells, including epithelial, endothelial and mesenchymal
cells, release cytokines that contribute to the inflammatory milieu. Matrix components,
too, are capable of enhancing inflammatory processes because of their ability to act as
chemoattractants to expand the inflammation (Wolff & Crystal 1997). In fibrotic lung,
the injured epithelium releases the monocyte chemotactic factor (MCP-1), and the
endothelium increases the expression of E-selectin, both of which enhance the
recruitment of blood leukocytes (Antoniadeset al. 1992, Nakaoet al. 1995). Type II
pneumocytes and alveolar macrophages increase their expression of ICAM-1, another
adhesion molecule (Nakaoet al. 1995). Numerous other growth factors and cytokines
have also been shown to play an important role in the fibrogenesis in the lung. They
include transforming growth factor beta (TGF-β) (Khalil et al. 1991, Limperet al.
1994), granulocyte macrophage colony stimulating factor (GM-CSF) (Itohet al. 1990),
platelet-derived growth factor (PDGF) (Antoniades et al. 1990), tumor necrosis factor
(TNF) (Piquet et al. 1989), the chemokine "regulated on activation, normal T-cell
expressed and secreted" (RANTES) (Kodama et al. 1998), interleukin 1 (IL-1)
(Hunninghake1984), IL-8 (Southcottet al. 1995), insulin-like growth factor (IGF)
(Aston et al. 1995) and its receptor (Rom & Pääkkö 1991), hepatocyte growth factor
(HGF) (Sakaiet al. 1997), progastrin-releasing peptide (ProGRP) (Shijuboet al. 1996),
human mast cell basic fibroblast growth factor (Inoueet al. 1996) and interleukin 12 (IL
12) (Huaux et al. 1999). Reduced tumor necrosis factor-α (TNF-α) and TGF-β
expression in lung prevents the development of fibrosis (Brasset al. 1999). Sources of
lung cytokines include airway and vascular endothelial cells, lung fibroblasts, smooth
muscle cells, and inflammatory cells (Wewerset al.1997).

2.1.1. Idiopathic pulmonary fibrosis

Idiopathic pulmonary fibrosis (IPF) (i.e. cryptogenic fibrosing alveolitis) is a
progressive interstitial lung disease of unknown etiology (Cherniaket al. 1991).
Hamman and Rich described the pathologic features of four patients with unexplained
interstitial pneumonia in 1944 (Hamman & Rich 1944). It was not, however, until the
1970's that Liebow divided the interstitial pneumonias into five groups based on specific
histologic criteria (Liebow 1975) (table 1). Recently Katzenstein and Myers presented a
new pathologic classification of idiopathic pulmonary fibrosis (Katzenstein & Myers
1998) (table 2). This classification maintains usual interstitial pneumonia (UIP) and
desquamative interstitial pneumonia (DIP) from Liebow's classification and includes two
additional entities, acute interstitial pneumonia (AIP or Hamman-Rich disease)
(Katzensteinet al. 1986) and the recently described nonspecific interstitial pneumonia
(NSIP) (Katzenstein & Fiorelli 1994).
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The etiology of IPF is unknown. Several causes have been suggested as having a role
in the pathogenesis of IPF. They include immunological mechanism (Wallaceet al.

Table 1. Liebow's classification of interstitial pneumonia (Modified from Liebow 1975,
Katzenstein & Myers 1998).

Type of interstitial pneumonia

Usual interstitial pneumonia (UIP)
Desquamative interstitial pneumonia (DIP)
Bronchiolitis obliterans with interstitial pneumonia (BIP)
Lymphoid interstitial pneumonia (LIP)
Giant cell interstitial pneumonia (GIP)

Table 2. Pathologic classification of idiopathic pulmonary fibrosis (From Katzenstein
& Myers 1998).

Type of interstitial pneumonia

Usual interstitial pneumonia (UIP)
Desquamative interstitial pneumonia (DIP)/respiratory bronchiolitis interstitial lung
disease (RBILD)
Acute interstitial pneumonia (AIP, Hamman-Rich disease)
Nonspecific interstitial pneumonia (NSIP)

1994), occupational exposure to metal or wood dust (Iwaiet al. 1994, Hubbardet al.
1996), exposure to solvent (Billings & Howard 1994), exposure to some antidepressant
drugs (Hubbardet al. 1998), cigarette smoking (Baumgartneret al. 1997), viral
infections such as cytomegalovirus and other herpes viruses (Yonemaruet al. 1997),
Epstein-Barr virus (Eganet al. 1995, Stewartet al. 1999), hepatitis-C virus (Uedaet al.
1994) and adenovirus (Kuwanoet al. 1997). A familial form, probably autosomal
dominant, of IPF is also known (Swayeet al. 1969, Sollidayet al. 1973, Bittermanet al.
1986, Marshallet al. 1997). IPF is sometimes associated with collagen vascular
diseases, e.g. systemic sclerosis, which cases have a better prognosis than IPF without
such an association (Agustiet al.1992, Wellset al. 1994). The frequency of lung cancer
is higher in patients with IPF than in the general population (Leeet al. 1996). Mortality
from IPF has increased in several countries in recent years (Johnstonet al. 1990,
Hubbardet al. 1996). In Finland, 107 ( 59 male, 48 female) patients died from IPF in
1996 (Statistics Finland 1996). In the United States age-adjusted mortality rate among
women was 27.2 per 1,000,000 and among men 50.9 per 1,000,000 in 1991 (Manninoet
al. 1996). Risk factors for IPF include male gender, cigarette smoking, advanced disease
(restrictive lung function, abnormal gas exchange, HRCT imaging and pathologic
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fibrosis) and a poor response to initial steroid therapy, while younger patients and
subjects with more cellular histology have been shown to survive longer (Turner-
Warwick et al. 1980, Tukiainenet al. 1983, Schwartzet al. 1994, Baumgartneret al.
1997, Gayet al. 1998). In some studies advanced fibrosis in lung biopsies has been
shown to predict a poor prognosis (Scadding & Hinson 1967, Carringtonet al. 1972,
Gelb et al. 1983), whereas in the investigation of Raghu and co-workers there was no
difference in survival related to the degree of fibrosis (Raghuet al. 1991). Bronchiolar-
type of metaplastic epithelium in open lung biopsies has been connected with a longer
duration of disease and a less favorable prognosis than alveolar type (Sutinenet al.
1980).

2.1.1.1. Usual interstitial pneumonia (UIP)

UIP is the most common idiopathic interstitial pneumonia, accounting for over 60 % of
IPF cases in a recent study (Bjorakeret al. 1998). It occurs predominantly in middle-
aged adults. Men are affected nearly twice as often as women (Katzenstein & Mayers
1998). The prognosis of UIP is poor, with an overall median survival of 2.8 years, as
reported by Bjoraker and coworkers (Bjorakeret al. 1998). UIP has an insidious onset,
is chronically progressive, usually does not respond to therapy and is fatal in most cases
(Katzenstein & Mayers 1998). Most patients are treated with steroids and, in addition,
occasionally with cyclophosphamide or azathioprine (Hunninghakeet al. 1995).
Histologically it is characterized by a variable distribution of interstitial fibrosis,
inflammation, honeycomb lung and normal lung. The presence of small aggregates of
fibroblasts and myofibroblasts, termed fibroblast foci, are necessary for the diagnosis
(Katzenstein 1997).

2.1.1.2. Desquamative interstitial pneumonia/respiratory bronchiolitis
interstitial lung disease (DIP/RBILD)

The average age at onset of DIP is 42-45 years (Liebowet al. 1965, Carrington 1978).
Men are affected nearly twice as often as women. Most patients are cigarette smokers
(Carrington 1978). DIP is a rarer form of IPF than UIP and NSIP (Bjorakeret al. 1998),
and it has a better prognosis and response to therapy than UIP (Carrington 1978).
Fibrosis is minimal to moderate with alveolar septal widening. The most striking
histologic finding is an increased number of macrophages within alveolar spaces
(Katzenstein & Myers 1998). The overall appearance is monotonic. The process is
termed RBILD when the macrophage accumulation is accentuated within
peribronchiolar air spaces (Katzenstein & Myers 1998). It is unclear whether DIP and
RBILD represent the same disorder.
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2.1.1.3. Acute interstitial pneumonia (AIP)

Hamman and Rich described in 1944 four cases a disease which they termed "acute
diffuse interstitial fibrosis" (Hamman & Rich 1944). The mean age at onset is 49 years
and there is no sex predilection of AIP. The onset is acute and mortality rates are high,
ranging from 50 % to 88 % (Katzenstein & Myers 1998). The typical histologic features
are interstitial fibrosis consisting of proliferating fibroblasts and myofibroblasts with
minimum collagen deposition (Katzensteinet al. 1986). The histologic changes
resemble the organizing stage of diffuse alveolar damage (DAD), and cases of AIP may
be named DAD (Katzenstein 1997). The term AIP should not be used for cases of
organizing DAD occuring in other clinical settings in which the etiology is known
(Katzenstein 1997).

2.1.1.4. Nonspecific interstitial pneumonia (NSIP)

NSIP was first described in 1994 (Katzenstein & Fiorelli 1994). It occurs mainly in
middle-aged adults (Katzenstein & Fiorelli 1994, Cottinet al. 1998, Nagaiet al. 1998).
There is a slight female predominance of NSIP, with a male-female ratio of 1:1.4
(Katzenstein & Myers 1998). Compared to UIP, the prognosis in NSIP is generally good
(Katzenstein & Fiorelli 1994). NSIP is characterized by varying degrees of
inflammation and fibrosis within alveolar walls, but it lacks more specific changes that
would indicate a diagnosis of UIP, DIP or AIP. In contrast with UIP, the histologic
changes are typically uniform (Katzenstein & Fiorelli 1994).

2.1.2. Bronchiolitis obliterans organizing pneumonia (BOOP)

In Liebow's classification (Liebow 1975) bronchiolitis obliterans with interstitial
pneumonia (BIP) was included, but in a recent classification of Katzenstein and Myers
(Katzenstein & Myers 1998) it is not, since BIP (currently termed BOOP) is regarded as
being a predominantly intraluminal rather than interstitial abnormality (Katzenstein &
Myers 1998). The term BOOP was introduced in 1985 when Epler and coworkers
published their study of this entity which usually starts subacutely and has a good
prognosis (Epleret al. 1985), with nearly 85 % of patients responding to steroidal
therapy (Epleret al. 1985, Costabelet al. 1992). In 10-15 % of patients, BOOP remains
a progressive disease with a poorer prognosis (Cohenet al. 1994, Yousemet al. 1997).
BOOP may be idiopathic or it may associate with e.g. connective tissue disorders (Epler
et al. 1985) or administration of drugs (Costabelet al. 1992). The most striking
histologic change is the filling of terminal and respiratory bronchioles, alveolar ducts
and adjacent airspaces by plugs of loose myxoid fibroblastic tissue (Epleret al. 1985,
Katzensteinet al.1986), a feature which is also termed the BOOP pattern (Colby 1998).
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2.1.2. Sarcoidosis

Sarcoidosis is a systemic disorder of unknown cause involving nearly always the lungs
and the thoracic lymph nodes (Newmanet al. 1997). It manifests in adults aged 20-45
years (Müller-Quernheim 1998). Although the overall prognosis is good, differences in
the pattern of organ involvement, the severity of the disease and prognosis have been
observed according to race and ethnic background (Müller-Quernheim 1998). The
typical histologic feature is nonnecrotizing granulomatous inflammation predominantly
involving the interstitium rather than air spaces (Katzenstein 1997).

2.1.3. Extrinsic allergic alveolitis

Extrinsic allergic alveolitis, also known as hypersensitivity pneumonia, is a type of
immunologic reaction in the lung to inhaled antigens (Pepyset al. 1973). The main
etiologic agents include thermophilic bacteria, fungi and animal proteins (Katzenstein
1997). The average age was 37 years according to a study of Kawanami and co-workers
and 46.2 years in a study published by Sutinen and others (Kawanamiet al. 1983,
Sutinen et al. 1983). The main histologic changes are temporally uniform chronic
interstitial pneumonia with peribronchiolar accentuation, nonnecrotizing granulomas in
peribronchiolar interstitium and foci of bronchiolitis obliterans (Sutinenet al. 1983,
Kawanamiet al.1983, Reijula & Sutinen 1984, Katzenstein 1997).

2.2. Fibrotic and inflammatory disorders of the pleura

The pleura is a continuous membrane covering the chest wall and the lungs. The visceral
pleura covers the entire lung surface, and the parietal pleura covers the inner surface of
the chest wall. The surface is lined by a single layer of mesothelial cells, under which is
the submesothelial layer composed of collagen, elastin, fibronectin and a few cells,
mainly fibroblasts (Rennardet al. 1984, Carteret al. 1997). Pleural mesothelial cells are
the source of the connective tissue macromolecules found in the pleural extracellular
matrix, such as collagen types I, III and IV, fibronectin, elastin and laminin (Rennardet
al. 1984). Mesothelial cells can produce collagen at a rate equal to that of pulmonary
fibroblasts (Harvey & Amlot 1983, Rennardet al. 1984). Many growth factors and
cytokines, such as tumor necrosis factorα (TNF-α) (Owens & Grimes 1993), interferon
gamma (IFN-γ ) (Barneset al.1990), TGF-β (Maedaet al.1993), IL-1 (Yanagawaet al.
1996) and interleukin 6 (IL-6) (Yokoyamaet al. 1992) have been shown to take part in
the pathogenesis of inflammatory and fibrotic disorders of the pleura. Mesothelial cells
are capable of producing a chemoattractant, fibronectin, for lung fibroblasts (Kuwahara
et al.1991).
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A nonspecific inflammatory and fibrotic reaction is a common histologic diagnosis
for pleural samples. These tissue reactions may be caused e.g. by viral and bacterial
pneumonias (Alptekin 1958, Fineet al. 1970, Light et al. 1980), primary pleural
neoplasms, metastatic malignancies (Sahn 1997), tuberculosis (Berger & Mejia 1973),
asbestos exposure (Gaensler & Kaplan 1971), sarcoidosis (Beekmanet al. 1976),
postcardiac injury syndrome (Stelzneret al. 1983) and immunologic causes, such as
rheumatoid pleurisy (Aruet al. 1986). Disruption of the submesothelial BM is thought
to be a key event in determining subsequent fibrous organization of pleural exudate
(Davila & Crouch 1993), a phenomenon which has features in common with IPF.

2.2.1. Asbestos exposure induced fibrosis

Asbestos induced fibrosis can involve the pulmonary interstitium (i.e. asbestosis), the
parietal pleura (i.e. pleural plaques) and/or the visceral pleura (i.e. diffuse pleural
thickening) according to the Statement of American Thoracic Society (1986). In a study
carried out in Finland, the radiological findings included signs of pulmonary fibrosis
(3%), changes in the visceral pleura (7%), bilateral plaques (17%), and unilateral
plaques (10%) among 4133 construction, shipyard, and asbestos industry workers
(Koskinenet al. 1998). In the United States the prevalence of asbestos induced pleural
effusion is dose related with 7.0 %, 3.7 % and 0.2 % with severe, indirect and peripheral
exposure, respectively, and the latency period is shorter in effusions than for other
asbestos-related disorders (Epleret al. 1982). In pleural plaques the histopathologic
features consist of areas of hyalinized fibrosis, often containing foci of calcification
(Hillerdal 1987). In diffuse pleural fibrosis pleural biopsies show an active pleuritis with
a chronic inflammatory cell infiltrate, fibroblast proliferation, a fibrinous or
proteinaceous exudate and prominent hyperplasia of mesothelial cells (Mårtenssonet al.
1987).

2.2.2. Tuberculosis

Pleural effusion in tuberculosis occurs on an immunologic basis when a subpleural focus
of Mycobacterium tuberculosis ruptures into the pleural space (Steadet al. 1955). They
may also result from hematogenous dissemination of mycobacteria and by direct
extension of the primary disease (Sahn 1988). The frequency of pleural effusion in
tuberculous patients is approximately 31 % (Südreet al. 1992). Histologically typical is
the formation granulomatous inflammation with a tendency to necrosis.

2.2.3. Parapneumonic infections and empyema
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Approximately 40 % of all bacterial pneumonias are associated with pleural effusions
(Light et al. 1980). Mycoplasma and viral pneumonias can also be associated with
pleural effusions (Fineet al. 1970). The mortality of patients with pneumonia and
pleural involvement is higher than among those without such involvement (Brewinet al.
1974). An effusion is called "empyema" when the concentration of leukocytes becomes
macroscopically evident as a thick and turbid fluid (pus) (Hamm & Light 1997). In more
than 50 % of cases empyema is of parapneumonic origin. Other common causes include
surgical procedures, traumas and esophageal perforation (Hamm & Light 1997). The
biopsies commonly demonstrate fibrin deposition and a variable infiltrate of
inflammatory cells and proliferating mesothelial cells, but rarely bacteria or viral
inclusions (Thurlbeck & Churg 1995).

2.2.4. Postcardiac injury syndrome

The postcardiac injury syndrome occurs following a variety of myocardial or pericardial
injuries, days or weeks after the initial injury (Engle & Ito 1961). Pleural effusion is a
common manifestation (83 % of studied cases) of postcardiac injury syndrome (Stelzner
et al. 1983). Histologic changes are nonspecific, consisting of fibrinous pleuritis with
organization into a thickened pleura (Thurlbeck & Churg 1995).

2.3. Tenascin

Tenascin is a large oligomeric glycoprotein of the extracellular matrix. It is synthesized
during embryonic development, expressed in a variety of tumors and is absent or
restricted in most adult tissues (reviewed by Erickson & Lightner 1988, Erickson 1993,
Chiquet-Ehrismann 1995, Vollmer 1997). It was discovered independently by several
laboratories, each of which giving it a different name, such as cell surface fibronectin
(CSFN) hemagglutinin (Yamadaet al. 1975), CSFN oligomer (Alexanderet al. 1978),
GP-250 (Carter & Hakomori 1981), human glioma extracellular matrix antigen
(GMEM) (Bourdonet al. 1983), myotendinous antigen (Chiquet & Fambrough 1984a),
hexabrachion/brachionectin (Erickson & Inglesias 1984), J1 (Kruseet al. 1985),
cytotactin (Grumetet al. 1985), and tenascin (Chiquet-Ehrismannet al. 1986).
Nowadays it is termed tenascin-C, the C indicating cytotactin, the name associated with
the first published sequence (Joneset al. 1989). In addition, there are more recent
members of the tenascin-family: tenascin-R, firstly discovered under the name restrictin
(Rathjenet al. 1991), tenascin-X, which was originally reported as a partial sequence
encoded by gene X (Morelet. al. 1989), tenascin-Y (Hagioset al. 1996) and recently
tenascin-W (Weber et al. 1998).
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Figure 1. Diagram of a tenascin molecule: a, terminal knob on each arm or hexabrachion;
b, thick distal segment, c, thin inner segment, d, two T-junctions, each with three arms; and
e, central globular particle. (From Erickson & Inglesias 1984).

The native tenascin-C has a hexameric structure, each molecule consisting of large and
small subunits, the sizes of which have been reported to be 320, 230 and 220 kDa for
human tenascin-C (Taylor 1989, Erickson & Bourdon 1989) (Fig. 1). A cysteine residue
(Cys-64) is required for assembly of tenascin-C hexabrachions or arms (Luczaket al.
1998). Different subunits are generated by alternative splicing of one common primary
transcript (Chiquet-Ehrismann 1995). By alternative splicing a single gene can produce
different proteins by producing several differently spliced mRNAs from a single primary
RNA transcript (Albertset al. 1989). Tenascin-C from all species described contains the
same structural elements: a hydrophobic region flanked by a cysteine-rich region,
surrounded by a variable number of epidermal growth factor (EGF) domains, a variable
number of fibronectin type III-like (FNIII) repeats and by a C-terminal fibrinogen-like
domain (Vollmer 1997). The human tenascin-C gene is localized on chromosome 9,
band q32-q34 (Gulcheret al. 1990, Rocchiet al. 1991). For human tenascin-C up to
four splice variants have been detected (Siriet al. 1991). Human tenascin-C is a protein
of 2203 amino acids (Nieset al.1991).

In contrast to tenascin-C, tenascin-R forms trimers, dimers and monomers, but not
hexamers. Tenascin-R and -X consist of the same types of domains as tenascin-C
(Nörenberget al. 1992, Peshevaet al. 1989, Matsumotoet al. 1992). Tenascin -R is
localized on chromosome 1q23-q24, and tenascin-X on chromosome 6p21.3 (Arrigoet
al. 1997; Matsumotoet al. 1992). Tenascin-Y differs from the other members in that it
consist of a series of FNIII domains which is interrupted by a novel domain, rich in
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serines and prolines (Hagioset al. 1996). The newest member, tenascin-W, consists of
the typical modular elements of the tenascin-family (Weberet al.1998).

2.3.1 Tenascin-C binding cells, proteins and receptors

Tenascin-C can have either adhesive (Joshiet al. 1993, Lotz et al. 1989) or antiadhesive
(Spring et al. 1989, Chiquet-Ehrismann 1991) properties. It has been observed to
mediate cell attachment through receptors that recognize the specific amino acid
sequence of the tripeptide arginine-glycine-aspartic acid (RGD) (Bourdon & Ruoslahti
1989). Fibroblast and endothelial cells adhere to tenascin-C, but they remain rounded
and do not spread (Chiquet-Ehrismannet al. 1988, Joshiet al. 1993). Tenascin-C has
been shown to bind chondroitin sulfate proteoglycan (CSPG) (Chiquet & Fambrough
1984b), syndecan (Salmivirtaet al. 1991) and cell surface annexin II (Chung et al.
1994). In a study of Lightner and co-workers no binding of tenascin to collagens types I,
III, IV,and V, gelatin, fibronectin or laminin was observed (Lightneret al. 1988). In
other investigations, however, tenascin was shown to bind fibronectin (Chiquet-
Ehrismannet al. 1988, Hoffmanet al. 1988), and moreover, it seems that tenascin
variants bind differently to fibronectin (Chiquet-Ehrismannet al. 1991). Some integrins,
such asα2β1(Sriramaoet al. 1993), α5β1(Ramoset al. 1998), α8β1(Dendaet al.
1998), α9β1(Yokosaki et al. 1994), αvβ1 (Ramoset al. 1997), αvβ3 (Prieto et al.
1993) andαvβ6 (Prieto et al. 1993) have been recently observed to have a binding
capacity to tenascin-C and so they might work as a tenascin-C receptors.

2.3.2. Regulation and function of tenascin

Tenascin-C promoter (a region of DNA to which RNA polymerase binds before
initiating the transcription of DNA into RNA) contains structural elements which may
serve as potential targets for growth factor signal transduction pathways (Joneset al.
1990, Vollmer 1997). Signal transduction is the process by which extracellular signals
are detected and converted into intracellular signals, which generate specific cellular
responses (Cotranet al. 1999) . By bothin vivo and in vitro studies, growth factors,
cytokines and other soluble factors have been shown to induce an increased expression
of tenascin-C. They include serum (Pearsonet al. 1988), TGF-β (Pearsonet al. 1988,
Sakaiet al. 1994), PDGF (Mackieet al. 1992), TNF-α (Rettiget al. 1994), IL-1 (Rettig
et al. 1994), interleukin 4 (IL-4) (Rettiget al. 1994, Latijnhouwerset al. 1998), asidic
fibroblast growth factor (aFGF) (Rettiget al. 1994), basic fibroblast growth factor
(bFGF) (Tuckeret al. 1993), EGF (Sakaiet al. 1995), nerve growth factor (NGF)
(Yavin et al. 1991), angiotensinogen II (Mackieet al. 1992), phorbolesters (Rettiget al.
1994), IGF-1 (Julianet al. 1994), dopamin (Bloomquistet al. 1994) and endothelin-1
(Hahn et al. 1993). Downregulation of tenascin-C expression by anti-progestins
(Vollmer et al. 1992) and thyroid hormone (Gonzalez-Sancho 1999) has been observed,
as well as alteration of tenascin-C expression by ozone (Potter-Perigoet al.1998).
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Tenascin-C is mitogenic for several cell types (Endet al. 1992). It enhances cell
migration and induces loss of focal adhesions (Chunget al. 1996), alters the adhesion
properties of monocytes, B cells and T cells (Rüegget al. 1989) and inhibits T cell
activation (Hemesath 1994). The results of a recent study using atomic-force-
microscopy techniques indicate that tenascin-C is an elastic protein, since molecules of
tenascin-C could be stretched to several times their resting length (Oberhauseret al.
1998). It has been unclear whether tenascin-C and fibronectin form an interactive pair of
extracellular matrix molecules (Vollmer 1997), although it has been shown that
tenascin-C interferes with fibronectin action (Chiquet-Ehrismann 1988). The function of
tenascin-C, however, is still unclear. In 1992 Saga and co-workers published a study of
tenascin gene knockout mice which developed normally (Sagaet al. 1992). Later a
number of abnormal features in the peripheral nerve as well as abnormal behavior and
neurotransmissions have been observed in mutant mice deficient in tenascin-C
(Fukamauchiet al. 1996, Cifuentes-Diazet al. 1998). Tenascin-X deficiency has
recently been shown to associate with Ehlers-Danlos syndrome, a connective-tissue
disorder consisting of skin and joint hyperextensibility, vascular fragility and poor
wound healing (Burchet al.1997).

2.3.3. Tenascin in tissues

In normal adult tissues tenascin-C is expressed delicately (Koukouliset al. 1991, Natali
et al. 1991, Borsi et al. 1993). In embryogenesis tenascin-C is prominent in the
developing central nervous system, in the matrix lining the pathways of migratory cells,
in mesenchyme at the sites of mesenchymal-epithelial interactions, and in developing
connective tissues (reviewed by Erickson & Bourdon 1989). Increased
immunohistochemical expression for tenascin-C has been detected in various types of
benign and malignant neoplasms (Koukouliset al. 1991). Tenascin-C is also involved in
nonneoplastic lesions such as wound healing of skin (Mackieet al. 1988), liver cirrhosis
(Koukoulis 1991), synovitis (McCachren & Lightner 1992), colitis (Riedlet al. 1992),
myelofibrosis (Soiniet al. 1992), cervical and vulvar koilocytotic lesions (Tiittaet al.
1992), inflammatory conditions of urinary bladder (Tiittaet al. 1993), tracheal wound
healing (Kanno & Fukuda1994), inflammatory and dysplastic lesions of stomach (Tiitta
et al. 1994), lichen sclerosus (Soiniet al. 1997), tendon degeneration (Rileyet al.
1996), bullous keratopathy (Saghidizadehet al. 1998), angiogenesis after
transmyocardial laser revascularization (Gassleret al. 1999), endometriosis (Harrington
et al.1999) and coronary atherosclerotic plaques (Wallneret al.1999)

Tenascin-R expression has been detected in the central nervous system (Rathjenet
al. 1991). In contrast to tenascin-C and -R, tenascin-X does not exist in the nervous
system. Instead, it has been detected in human fetal testes and fetal skeletal, cardiac and
smooth muscle (Bristowet al. 1993). The distribution of tenascin-X is often different
from that of tenascin-C (Matsumotoet al. 1994). Tenascin-Y is expressed in embryonic
and adult chicken heart and skeletal muscles (Hagioset al. 1996), while zebrafish
tenascin-W is expressed in the cells of the myosepta, dorsal root ganglia, in the central
nervous system and axial mesoderm (Weberet al.1998).
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2.3.4. Tenascin-C in lung

In normal human proximal airways tenascin-C expression was found only focally at
subepithelial zones (Weineckeret al. 1995). In early chicken lung bud tenascin mRNA
was found to be produced by the epithelium at the sites of active growth of bronchial
tubes (Koch et al. 1991). In rat lung, tenascin-C concentrates at the epithelial-
mesenchymal interface during fetal lung development in the period of branching
morphogenesis (Younget al. 1994). Increased tenascin-C expression has been detected
in human benign and malignant lung tumors (Oyamaet al. 1991, Soiniet al. 1993,
Kusagawaet al. 1998), in rat lung undergoing bleomycin induced fibrosis (Zhaoet al.
1998) or monocrotaline induced pulmonary hypertension (Lipkeet al. 1996) and in
human pulmonary vascular disease (Joneset al. 1997). Bronchial biopsy specimens
from patients with asthma showed increased tenascin-C expression in the BM zone, and
furthermore, tenascin-C immunoreactivity decreased with inhaled corticosteroid
treatment (Laitinenet al. 1996, Laitinen et al. 1997). In patients with IPF and
sarcoidosis increased tenascin-C expression has also been detected by
immunohistochemistry (Wallaceet al.1995, Kuhn & Mason 1995).
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3. Aims of the study

1. to study the expression and the distribution of tenascin-C (later called tenascin) in
fibrotic lung disorders such as UIP, DIP, NSIP, BOOP, sarcoidosis and extrinsic allergic
alveolitis as well as in fibrotic and inflammatory disorders of the pleura

2. to compare the accumulation of tenascin with the prognosis in patients with UIP

3. to determine which cells synthesize tenascin in UIP and in fibrotic and inflammatory
disorders of the pleura by mRNAin situ hybridization

4. to determine whether tenascin concentration in ELF is increased in patients with UIP,
sarcoidosis and extrinsic allergic alveolitis, and compare that to tenascin concentration
in serum
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4. Material and methods

4.1. Tissue specimens, patients and clinical follow-up information

4.1.1. Pulmonary fibrotic disorders (I)

Histopathologically typical cases of fibrotic lung disorders were retrieved from the files
of the Department of Pathology, Oulu University Hospital, by re-evaluating lung
biopsies taken either as open or thoracoscopic biopsies between 1981-1995. 51 patients
(29 women and 22 men) representing either UIP (n = 28), DIP (n = 6), sarcoidosis (n =
6), BOOP (n = 5) or extrinsic allergic alveolitis i.e. hypersensitivity pneumonitis (n = 5)
were included in the study. Additionally, there was one case, which, having primarily
been diagnosed as UIP, by re-evaluation turned out to represent NSIP (Katzenstein &
Fiorelli 1994). The diagnosis of all cases was based on a light microscopic evaluation
using the histological criteria presented by Dail and Hammar (1994) and Thurlbeck and
Churg (1995). The clinical follow-up information from the patients with UIP was
obtained from the patient records at the University Hospital, at several Central Hospitals
and from the Local Health Centers. After lung biopsy 25 out of 28 patients with UIP
were treated with at least one of the following drugs: prednisone, azathioprine,
cyclophosphamide, methylprednisone, methotrexate and D-penicillamine. None of these
patients received any drug before the lung biopsy.

Biopsies were taken from different parts of the left or right lung. In most of the
cases, for primary diagnostic purposes, pieces of the affected tissue were also processed
for electron microscopy (EM) (data not shown). In seven cases tissue pieces were also
collected for immuno-EM. Part of the tissue material was used for microbiological
analysis for Mycobacterium tuberculosis, other bacteria and fungi. All these cultures
were negative.

The biopsy material was fixed in 10% formalin under vacuum in order to expand the
tissue and to remove air bubbles (Wagenvoort 1980) or perfused by injecting the
fixative with a small syringe into bronchioles as described by Dail and Hammar (1994).
The specimens were then dehydrated, and embedded in paraffin. 4-5µm sections were
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stained with hematoxylin-eosin, Giemsa, Verhoeff, van Gieson, Perls’ blue, periodic
acid-Schiff alcian blue, and periodic acid-Schiff stains. Staining for acid fast bacilli was
done in selected cases. Uninvolved peripheral lung tissue, used as a control, was
obtained from six cases operated for a malignant lung tumor.

4.1.2. Fibrotic and inflammatory disorders of the pleura (IV)

Cases of pleural fibrotic and inflammatory disorders were retrieved from the files of the
Department of Pathology, Oulu University Hospital, by re-evaluating pleural material
taken as percutaneous biopsies (n= 6), thoracoscopic and open pleural biopsies (n=25)
or as decortication and/or pleurectomy samples (n=40) between 1992-1998. 71 patients
(10 women and 61 men) with either asbestos induced pleural fibrosis (n=6, group 1),
post-cardiac injury syndrome (n=6, group 2), parapneumonic infection and/or empyema
(n=23, group 3), tuberculosis (n=5, group 4), rheumatoid disease (n=1, group 5) or of
unknown etiology (n=30, group 6) were included in the study. The clinical follow-up
information and information on smoking habits as pack-years (i.e. the number of years
multiplied by the number of packs of cigarettes smoked daily) was obtained from the
patient records at the University Hospital and at the nearby Central Hospitals.

The pleural material was fixed in 10% formalin and then dehydrated and embedded
in paraffin. 4 µm thick sections were stained with hematoxylin-eosin and van Gieson.
Staining for acid-fast bacilli was carried out in selected cases. Uninvolved pleural tissue,
used as a control, was obtained from five patients operated on for malignant lung
tumors.

4.2. Bronchoalveolar lavage and serum specimens (III)

BAL was performed as recommended by the European Task Group on BAL (Klech &
Hutter 1990). Lavage was carried out in the lingula or the right middle or upper lobe.
Aliquots of 20 ml of sterile saline of 37° C (for a total of 200 ml) were installed into the
segment lavaged. The fluid recovered from the first aliquot was excluded from the
study. The effluent was aspirated manually using a syringe. Bronchial mucus was not
removed. Cells were harvested from the BAL fluid by centrifugation at 400xg for 15
min. In this technique the epithelial lining fluid (ELF) of the lower respiratory tract is
diluted significantly. To quantify the apparent volume of ELF, urea can be used as an
endogenous marker of dilution because the plasma andin situ ELF urea concentrations
are the same (Rennardet al.1986). Serum and BAL urea were determined by the kinetic
UV method (urea [BUN] enzymatic, Kone Instruments), total serum protein by the
Biuret method (total protein, Kone Instruments) and total BAL protein by the pyrogallol
red molybdate method (pyrogallol reagent, Lapport Co., Tampere, Finland). After the
routine BAL fluid preparations, the rest of the BAL supernatant in 89 consecutive cases
was collected, frozen and stored at− 80°C. Serum samples from the same patients were
also collected, frozen and stored at− 80°C. Clinical follow-up information of the
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patients and information on smoking habits as pack-years were obtained from the
hospital records, enabling 28 of them to be classified retrospectively into four
unambiguous disease groups: UIP (5 cases, group 1), sarcoidosis (12 cases, group 2),
extrinsic allergic alveolitis, i.e. hypersitivity pneumonitis (5 cases, group 3) and a
control group (6 cases, group 4). The control group consisted of three patients with
pleural calcifications examined because of suspected asbestos exposure and three
patients examined on account of dyspnea. None of these revealed any signs of lung
asbestosis or other lung parenchymal disease after the clinical investigations.

The remaining 61 patients did not fall into any single disease group but had one or
more basic or underlying diseases such as bronchiectasis, asthma, Wegener`s
granulomatosis, lung malignomas, asbestosis, emphysema, pneumonia, scleroderma,
tuberculosis or drug reactions, or else the diagnosis remained open at the end of the
follow-up.

4.3. Anti-tenascin antibodies (I, III & IV)

The monoclonal antibodies 100EB2 and 143DB7 were used in this study. Both react
with the two major isoforms of tenascin-C. Mab 100EB2 works well in frozen samples
and Western blot analysis (Howeedyet al. 1990). The reactivity of this Mab has been
located to fibronectin-type III domains 4 or 5 (Linnalaet al. 1994). The Mab 143DB7
was developed to detect tenascin in formaldehyde-fixed tissue, and it has been
characterized by Soini and co-workers (Soiniet al. 1993). This Mab has been shown to
react with the fibrinogen-like knob region of the tenascin-molecule (Tiittaet al.1995).

4.4. Immunohistochemistry (I & IV)

4 µm thick sections were deparaffinized in xylene and rehydrated in graded alcohol.
Endogenous peroxidase was consumed by incubating the sections in 0.1 % hydrogen
peroxide in absolute methanol for 20 minutes. Before immunostaining, the sections were

treated with 0.4 % pepsin (Merck, Darmstadt, Germany) at 37°C for 30 minutes. In a
few cases we used frozen sections to test the optimal method for cryosections in
immuno-EM. The avidin-biotin-peroxidase complex method was used (Soiniet al.
1993). For immunohistochemical staining, Mab 143DB7 with a dilution of 1:1000 of the
hybridoma supernatant (growth medium of the hybridoma cells) was used as the primary

antibody. The sections were incubated with the primary antibody at 4°C overnight,
followed by a biotinylated rabbit anti-mouse secondary antibody (at a dilution of 1:300
for 30 minutes) and the avidin-biotin-peroxidase complex (both from Dakopatts,
Glostrup, Denmark). The color was developed with diaminobenzidine. The sections
were counterstained with a light hematoxylin stain and mounted with Eukitt (Kindler,
Freiburg, Germany). The negative controls consisted of substituting phosphate-buffered
saline (PBS), pH 7.2 or normal mouse serum for the primary antibody.
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4.5. Evaluation of tenascin immunoreactivity for
prognostic studies in UIP (I)

After a preliminary evaluation of the immunostained tissue sections, we noticed that
tenascin immunoreactivity in UIP was typically located beneath the epithelium at injured
sites and in the intraluminal buds. Therefore the extent and the intensity of tenascin
immunoreactivity was evaluated separately in the proximity of (i) bronchiolar
epithelium, (ii) alveolar epithelium and (iii) in the intra-alveolar fibrotic buds in all cases
of UIP. The level of the extent and the intensity of immunoreactivity was scored by two
pathologist (R.K-W. and P.P.) on a semiquantative scale as absent (0), low (1),
moderate (2) or high (3). The scores obtained from all three locations were then added
to get a total sum score. A total sum score of 1-4 was considered low and a score of 5-9
high. In order to test the reproducibility of the scoring, the extent and the intensity of all
cases were rescored six months later. When comparing the first and the second
evaluation it was observed that in 24 out of 28 (85.7 %) cases the same sum score group
was obtained. In the four discrepant cases, three gave a lower sum score group and one a
higher sum score group. Thus, there was a highly significant association and
reproducibility between the first and the second evaluation (p = 0.0002 by Fisher′s exact
test). After rescoring increased tenascin immunoreactivity, the extent of tenascin under
metaplastic bronchiolar-type epithelium (p = 0.0008 by log rank) associated closely with
a shortened survival of the patients. In order to test the inter-observer variation in our
scoring system, a third pathologist (Y.S.) also scored all the cases. In 21 cases (75 %)
the same sum score group was obtained (for association p = 0.01 by Fisher′s test), thus
giving reproducible results. Because the extent of tenascin immunoreactivity was more
significantly associated with survival than the intensity of tenascin immunoreactivity,
only the extent of tenascin immunoreactivity for tenascin sum scoring was used, and the
results of the first evaluation were used for further prognostic analyses.

After having found that increased tenascin was associated with a shortened survival
in UIP, an attempt was made to find an association between the accumulation of tenascin
and interstitial cellularity, which could potentially modulate tenascin synthesis. For this
purpose the interstitial cellularity of all cases with UIP was evaluated on the basis of the
presence of interstitial infiltrates of inflammatory cells. The degree of cellularity was
scored as mild (+), moderate (++) or strong (+++) (Cherniaket al.1991).

4.6. Immunoelectron microscopy (I)

Immuno-EM was used for studying the distribution of tenascin in six cases of UIP and in
one case of DIP. The tissue samples were fixed in 8 % paraformaldehyde in 0.1 M
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phosphate buffer, pH 7.4, for 2 h. They were then cryoprotected by immersing in 2.3 M
sucrose and frozen in liquid nitrogen. Ultrathin cryosections were cut with Reichert
Ultracut FC4-E ultramicrotome. The procedure for immunolabeling has been described
by Sormunen and co-workers (1994). For immunolabeling the sections were first
incubated in 0.4 % pepsin with 0.01 M HCl for 5 to 10 minutes. This was followed by
incubation in 10 % fetal calf serum with 0.02 M glycine in PBS to block non-specific
protein-binding sites. The sections were then labeled with the monoclonal antibody
143DB7, diluted in 5 % FCS in PBS-glycine for 45 min., whereafter they were exposed
to rabbit anti-mouse IgG antibody (Dakopatts) for 30 min, followed by a protein A-gold
complex (gold particle size 10 nm; made after Slot and Geuze (1985)) for 30 min. The
controls were prepared by carrying out the labeling procedure without the primary
antibody. The sections were embedded in methylcellulose and examined in a Philips 410
LS transmission electron microscope by using an acceleration voltage of 60 kV, and
appropriate magnifications allowing the identification of gold particle labels
(approximately 14.000 - 21.000 x).

4.7. Western blotting (I)

Western blotting studies were carried out on lung biopsy samples in three cases with
UIP, one case with DIP and one case with sarcoidosis. Extracellular matrix proteins
were enriched from frozen tissue samples essentially as previously described for

cultured fibroblasts (Hedmanet al. 1979). The tissues were cut in 20µm sections which
were homogenized in a buffer containing 0.5 % sodium deoxycholate (E. Merck,
Darmstadt, Germany), 150 mM NaCl and 1 mM phenylmethylsulfonyl fluoride (Sigma,
St.Louis, MO) in 10 mM Tris-HCl, pH 8.0. The homogenates were centrifuged and the
pellets were washed with a buffer containing 150 mM NaCl in 2 mM Tris-HCl (pH 8.0).
After that they were lysed in electrophoresis sample buffer (Laemmli 1970) and boiled
for 5 min. The polypeptides were separated by sodium dodecylsulphate acrylamide gel
electrophoresis using 6.5 % slab gels under reducing conditions (Laemmli 1970), and
transferred onto a PVDF-membrane (Millipore, Bedford, MA) according to Towbin et
al. (1979). The immunodetection of tenascin was performed by using a commercially
available chemoluminescence detection kit (Boehringer Mannheim, Mannheim,
Germany) according to the instructions of the manufacturer. The PVDF-membrane was
treated with the blocking solution and incubated with the Mab 100EB2 for 60 min.,
washed and incubated with the horseradish peroxidase-conjugated rabbit anti-mouse Ab
(Dako, Glostrup, Denmark) for another 60 min. As a washing buffer, 0.3 % Tween-20
(Sigma) in TBS (50 mM Tris, 150 mM NaCl, pH 7.5).

4.8. Enzyme immunoassay (III)
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An enzyme immunoassay method has recently been described for the quantification of
tenascin in biologic samples (Ylätupaet al. 1995). An enzyme conjugate prepared by
coupling peroxidase to a well-characterized, affinity-purified monoclonal antibody EB2
to human tenascin (Biohit Oy, Helsinki, Finland) was used as the principal reagent. The
assay comprises 96-well microtitration strip plates with immobilized monoclonal
antibody DB7 to human tenascin (Biohit Oy), which resulted from the same fusion with
EB2 and was used to develop the EIA. The Mab EB2 (Howeedyet al. 1990) and Mab
DB7 (Ylätupaet al.1995) have been characterized previously. The specificity of the test
was improved by using a novel monoclonal antibody-suppressing human anti-mouse
factor MAK33 (Boehringer Mannheim, Mannheim, Germany) in the sample buffer. The
method has a minimum detectable sensivity of 1.5 ng tenascin and permits determination
of tenascin in various biologic samples (Ylätupaet al.1995).

The results are expressed inµg of tenascin per milliliter of BAL recovered or per
milliliter of epithelial lining fluid (ELF) estimated by the urea method (Rennardet al.
1986).

4.9. mRNA in situ hybridization (II & IV)

4.9.1. Preparation of tissue sections for in situ hybridization

One tissue block was selected for tenascin mRNAin situ hybridization in 30 cases with
UIP and 19 cases with fibrotic and inflammatory pleural diseases. Fourµm thick
sections from paraffin-embedded pulmonary and pleural biopsies were collected on
clean Superfrost Plus glass slides (Erie Company, Porthmouth, NH, USA), paraffin was
removed by xylene, and tissues rehydrated through graded ethanol series. After three
immersions in phosphate-buffered saline (PBS), pH 7.2, the sections were treated in 0.2
M HCl for 20 min, twice in PBS for 3 min each, followed by Proteinase K (100µg/ml in
PBS) treatment for 15 min at 37° C. Then, tissue sections were transferred into 0.025 M
glycine for 30 sec. Tissues were post-fixed in 4% paraformaldehyde (Fluka, Buchs,
Switzerland) in phosphate-buffered saline (PBS), pH 7.2 (all solutions made with 0.1%
diethyl pyrocarbonate-treated water). After post-fixation, tissue sections were transferred
into 0.025 M glycine in PBS for 3 min, and then acetylated in 0.25% acetic anhydride in
0.1 M triethanolamine (pH 8.0) for 10 min (Rosenfeld et al. 1991). After that the tissue
sections were rinsed in 2x standard saline citrate (SSC) and dehydrated through a graded
series and air-dried.

4.9.2. Preparation of RNA probes
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A cDNA fragment (bases 814-1316) of the full length human tenascin-C cDNA (Siri et.
al 1991) was synthesized by PCR from the HT-11 subclone kindly provided by Dr
Luciano Zardi (Instituto Nazionale Per la Ricerca Sul Cancro, Genova, Italy) by using
the following primers:
5 ' CCC TGC AGT GAG GAG CAC GGC ACA 3' and
5' TGC CCA TTG ACA CAG CGG CCA TGG 3'.
The 503 base pairs PCR product was subcloned into a TA vector (TA cloning Kit,
Invitrogen, USA). Sense and anti-sense RNA probes were generated from a linearized
template by using a riboprobe transcription kit (Promega, Maddison, Wisconsin, USA)
and the probes were labeled with35S-UTP (Amersham, Little Chalfont, UK). The
radioactively labeled RNA probes were purified by centrifugation through Bio-Gel P-30
columns (Bio-Spin 30, Bio-Rad, Richmond, CA). Eachin vitro transcription reaction
yielded RNA probes of high specific activity (typically 4.5 to 6x108 disintegrations per
minute (dpm)/1µg DNA template and 50-70 % incorporation).

4.9.3. In situ hybridization

The hybridization mixture contained the35S-labeled RNA probe (1.2 x 105 dpm/µl), 50
% deionized formamide (BRL, Rockville, MD), 5 mM dithiothreitol, 500µg/ml yeast
tRNA (BRL), 2 mg/ml bovine serum albumin (BRL), and 4xSSC. The samples were
hybridized overnight at 50° C while covered with Parafilm (Pääkköet al.1992) and then
washed 3 times in 2xSSC/50 % formamide at 52° C and 2xSSC at room temperature,
followed by incubation in an ribonuclease (RNase) solution (100µg/ml RNase A;
Boehringer Mannheim, Mannheim, Germany in 2xSSC at 37° C for 30 min). The tissue
sections were subsequently washed in 2xSSC/50 % formamide at 52° C for 5 min and
three changes of 2xSSC at room temperature, dehydrated sequentially in 70, 80, and 95
% ethanol for 1 min each with agitation, and air-dried. Autoradiography was performed
by dipping them in Kodak NTB-2 nuclear track emulsion diluted 1:1 with sterile
distilled water at 42° C. After a week's exposure in dark at 4° C, the slides were
developed in a Kodak D-19 developer for 5 min, rinsed in 1 % acetic acid in distilled
water for 30 sec, fixed in a Kodak Agefix for 5 min, rinsed in distilled water, and stained
with hematoxylin-eosin.

In order to evaluate the specificity of the35S-labeled antisense tenascin probes to the
tissue sections of lung and pleural specimens, control experiments were performed using
35S-labeled sense tenascin probes separately for each sample.The hybridized tissue
sections of lung and pleural samples were examined by light microscopy, and the
number of grains over the cells evaluated in general and especially at the locations were
tenascin immunoreactivity was located. Cells or cell groups hybridized with the35S-
labeled antisense tenascin probe were considered positive if they contained more grains
than corresponding cells and tissue areas that had been hybridized with the35S-labeled
sense tenascin probe.
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4.9.4. Identification of the phenotype of the tenascin expressing cells

In order to identify the phenotype of the tenascin expressing cells, the sections of 30
cases with UIP were stained with antibodies againstα-smooth muscle actin (Clone 1A4
from Sigma BioSciences, St. Louis, MO, USA) and human cytokeratin (Clone MNF116
from Dako, Glostrup, Denmark) at a dilution of 1:1000 and 1:100, respectively, and the
sections of 19 cases with pleural disorders withα-smooth muscle actin (Clone 1A4 from
Sigma BioSciences, St. Louis, MO, USA, dilution 1:1000), human cytokeratin (Clone
MNF116 from Dako, Glostrup, Denmark, dilution 1:100), desmin (Clone D33 from
Dako, Glostrup, Denmark, dilution 1:50), vimentin (Clone V9 from Dako, Glostrup,
Denmark, dilution 1:50), human muscle actin (Clone HHF35 from Dako, Carpinteria,
USA, dilution 1:100), CD34 (Clone QBEnd/10 from Novocastra, Newcastle-up-on-time,
United Kingdom, dilution 1:25) and FIIIV-related antigen (from Dako, Glostrup,
Denmark, dilution 1:50).

4.10. Statistical analysis (I-IV)

The statistical analyses were performed with SPSS for Windows program package
(Chicago, IL, USA). The significance of the associations was determined using Fisher’s
exact probability test designed for small sample groups (I, IV). Wilcoxon signed ranks
test were used (II-III). Analysis of survival data was performed by applying the Kaplan-
Meyer method with log rank analysis (I). P-values of less than 0.05 were considered
statistically significant.
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5. Results

5.1. Immunohistochemical findings

5.1.1. Pulmonary fibrotic disorders (I)

5.1.1.1. Tenascin immunohistochemistry in normal lung

In normal lung, tenascin immunoreactivity was occasionally seen in lobular septa and in
the vessels of the pleura. There was some staining in the walls of the bronchi, especially
close to the cartilage and around mucous glands. A weak positive tenascin
immunostaining was also seen beneath the surface epithelium of bronchi and the
bronchioles. In blood vessels, positive immunoreactivity was seen in endothelial cells
and underneath the BM. Most of the alveolar walls lacked immunoreaction for tenascin.
Occasionally, a faint staining was seen in the sub-basement membrane areas of the
alveolar walls, especially in association with foci of nonspecific interstitial alveolar wall
thickening.

5.1.1.2. Tenascin immunohistochemistry in UIP

In all cases of UIP we found clearly more immunoreactivity for tenascin than in
uninvolved lung tissue. Tenascin was seen underneath the alveolar BM, especially in
areas with a defective epithelial lining, where it appeared as thin and linear fibers and as
a network-type pattern. It was also found in the intraluminal fibrosis as granular material
and linear fibers, in association with the mural incorporation process, in the fibrotic
interstitium and among the proliferative smooth muscle cells. The tenascin-positive zone
in the alveolar walls was wider underneath the metaplastic type II pneumocytes than
underneath the metaplastic bronchiolar-type cells. A very intense tenascin
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immunopositivity was seen in the loose, newly formed fibrotic tissue of fibroblast foci
underneath those parts of the epithelium which showed signs of cellular damage. In
some cases the tenascin immunoreactive area was narrower and closer to the BM
underneath the metaplastic bronchiolar-type cells than underneath the metaplastic type II
pneumocytes. Both more extensive and intensive immunoreactivity for tenascin was
seen in loose, newly formed fibrotic tissue than in end-stage fibrosis (i.e. honey-
combing).

5.1.1.3. Tenascin immunohistochemistry in DIP and NSIP

Immunoreactivity for tenascin was less intensive and extensive in DIP than in UIP, but it
was more intensive and extensive in DIP than in the control cases. Tenascin
immunoreactivity was seen in the alveolar walls underneath the alveolar epithelium. In
one case of NSIP, we noticed tenascin immunoreactivity in the fibrotic interstitium and
beneath the alveolar epithelium.

5.1.1.4. Tenascin immunohistochemistry in BOOP, sarcoidosis and
extrinsic allergic alveolitis

In BOOP, a strong tenascin immunoreactivity was found in both intra-alveolar and
intrabronchiolar fibrosis as well as in close proximity to the BM of the alveolar walls.
Uninvolved lung parenchyma in BOOP showed no immunoreaction for tenascin. In
sarcoidosis, a delicate, network-like tenascin immunoreactivity was seen demarcating
noncaseous granulomas, but no immunoreactivity for tenascin was seen within the
granulomas. Also in extrinsic allergic alveolitis there were tenascin positive, partly
incomplete “collars“ around the granulomas. In a few cases of extrinsic allergic
alveolitis we found weak immunoreactivity also within the granulomas. Tenascin
immunoreactivity was frequently found underneath the BM in widened alveolar walls.

5.1.2. Fibrotic and inflammatory disorders of the pleura (IV)

Tenascin was not detectable in normal pleural submesothelial layer, while the vessels of
the pleura showed immunoreactivity for tenascin. In contrast, in all cases with
inflammatory and fibrotic lesions of the pleura, clearly positive immunoreactivity for
tenascin was observed in the extracellular matrix of the submesothelial layer. Generally,
the immunoreactivity was more intense and extensive in active, newly formed fibrosis
than in old, dense fibrosis. The intensity and localization of tenascin were similar in
every disease group except in the five cases with tuberculosis and in one case with
rheumatoid disease, in which the inflammatory reactions were granulomatous.
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Tenascin immunoreactivity in old fibrosis was most intense in superficial areas of the
pleura in zones underlying detached mesothelial cells. Immunopositive stripes could
also be detected in deeper, sparsely cellular areas, where they were often localized
around slit-like openings. Tenascin immunoreactivity was seen both in old and newly
formed fibrosis around the borders of fibrotic and adipose tissues, among lymphocytes
and in endothelial cells and BM of the blood vessels. In the areas of active, newly
formed fibrosis linear and occasionally coiled immunopositive fibers of tenascin were
seen on a wider area than in those of old fibrosis. Intense tenascin immunopositivity was
localized on a fibrinous exudate overlying detached mesothelial cells. Tenascin
immunopositivity could also be observed in the interstitium of pleural extracellular
matrix, but not within the cells. Pleural tuberculosis contained a very intense and
extensive area of immunopositive linear fibers and network-type pattern for tenascin in
fibrosis around the granulomas. Very few, if any, faint immunopositive tenascin fibers
were seen within the granulomas of pleural tuberculosis. Strong tenascin
immunopositivity was also noticeable in fibrotic areas between the granulomas.

5.1.3. Prognostic findings in usual interstitial pneumonia (I)

The length of the follow-up varied from one to 166 months (mean 53.5 months). 13 out
of 28 patients with UIP (46 %) had died of their fibrotic lung disorder, and one of other
disease. There was a significantly higher death rate among males than females (p =
0.01). The age of the patients or the diffusion capacity of the lung did not correlate with
the prognosis.

To evaluate whether tenascin accumulation had prognostic significance in UIP, the
patients were divided into two groups on the basis of the extent of tenascin
immunoreactivity in tissue sections: group 1 consisted of patients showing a sum score
of 4 or less, and group 2 of patients showing a sum score of 5 or more. The mean
survival time in UIP patients with a tenascin sum score of 5 or more was significantly
shorter (mean 55 months: 95 % confidence interval (CI) 26-83 months) than in UIP
patients with a lower tenascin sum score (mean 108 months: 95 % CI 77-139 months; p
= 0.04 by log rank test). Tenascin scores in different locations were further tested
separately as prognostic markers. Interestingly, increased tenascin accumulation
underneath metaplastic bronchiolar-type epithelium (scores 2-3) associated significantly
with a shortened survival of the patients (p = 0.01 by log rank). Increased tenascin
accumulation under alveolar epithelium or in intra-alveolar fibrotic buds was not
significantly associated with survival (p = 0.22 and p = 0.51, respectively).

UIP cases with a high number of interstitial inflammatory cells showed more often an
increased accumulation of tenascin than those with a low number of inflammatory cells.
However, due to a fairly limited number of cases this association did not achieve
statistical significance (p = 0.16 by Fisher`s exact probability test). The histological
interstitial cellularityper seshowed no significant prognostic value.
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5.2. Immunoelectron microscopic findings (I)

There was clearly more labeling for tenascin in UIP than DIP. Tenascin was seen in the
interstitium, often in association with collagen fibers but not with elastic fibers and
microfibrils. Labeling for tenascin was typically found among haphazardly arranged
newly synthesized collagen fibers, but clearly less among parallelly arranged collagen
fibers. The immunolabeling was seen underneath the BM; no positive labeling was seen
within the BM. There was more labeling underneath type II than underneath type I
pneumocytes. Labeling was also found within the type II pneumocytes and sometimes
on their cytoplasmic membranes and with the secretion granules. No labeling was seen
within type I pneumocytes, fibroblasts or any other interstitial cells. Also, macrophages
and lymphocytes remained unlabeled.

5.3. Western blotting findings (I)

All three cases of UIP studied showed reactivity for a polypeptide of Mr ≈ 200,000,
whereas in only one case of UIP there was an additional band of Mr ≈ 250,000
corresponding the high Mr splice variant of tenascin. In normal lung there was no
reactivity for tenascin. In examples of DIP and sarcoidosis the content of tenascin was
too low to be detected by Western blotting.

5.4. Enzyme immunoassay findings (III)

Tenascin concentrations in both the BAL fluid and serum were determined
simultaneously in all 89 cases. Measurable concentrations were identified in 72 of these,
the remaining 17 cases comprising 5 controls, 8 patients with multiple diseases and 4 for
whom the diagnosis remained to be established.

The ELF tenascin concentration in UIP (mean 5.73µg/ml; 95 % confidence interval
(95% ci) -4.42 - 15.88) was higher than the serum concentration (mean 2.81µg/ml; 95%
ci - 0.88 - 6.50) (p < 0.080), as was also true of the sarcoidosis cases (mean 4.76µg/ml;
95% ci 2.62 - 6.91 vs. 1.40µg/ml; 95% ci 1.02 - 1.77) (p < 0.002) and the extrinsic
allergic alveolitis cases (mean 2.21µg/ml; 95%ci 0.51 - 3.92 vs. 0.95µg/ml; 95% ci
0.33 - 1.57) (p< 0.043). In the control group, however, serum tenascin (mean 0.75
µg/ml; 95% ci 0.34 - 1.17) was higher than ELF tenascin (mean 0.12µg/ml, 95% ci - -
0.19 - 0.43) (p< 0.046).

Some patients with other lung diseases had also increased ELF and serum tenascin
concentrations, e.g. one patient with lung tuberculosis (ELF tenascin 5.50µg/ml, serum
tenascin 2.17µg/ml), two patients with nonspecific lung fibrosis (ELF tenascin 3.65 and
4.6 µg/ml, serum tenascin 0.58 and 0.51µg/ml, respectively) and one patient with
scleroderma associated lymphocytic alveolitis (ELF tenascin 9.07µl/ml, serum tenascin
0.93µl/ml). Interestingly, in patients with lung malignomas (five cases), serum tenascin
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concentrations (mean 2.12µg/ml; 95% ci 0.35 - 3.89) were higher than those in ELF
(mean 0.96µg/ml; 95% ci - 0.15 - 2.07).

5.5. mRNA in situ hybridization findings

5.5.1. Usual interstitial pneumonia (II)

Foci of cells showing strong tenascin mRNA expression were found in 27 out of 30
cases of UIP. Such foci corresponded to the loose areas of either intra-alveolar or
incorporating fibrosis, i.e. so-called fibroblast foci, found in routine stained sections.
The number of the foci in one section varied from one to 15. The positive cells were
usually located at the periphery on the epithelial side of fibroblast foci and in most cases
they were fusiform in shape. Immunohistochemical staining demonstrated that these
cells were positive for α-smooth muscle actin, a typical phenotype for lung
myofibroblasts (Schürch 1998). Less frequently the positive cells were cuboidal in shape
and epithelial in origin as demonstrated by immunohistochemical stainings for
cytokeratin, evidently corresponding to type II pneumocytes. Cases were also found
where both cell types simultaneously showed strong tenascin mRNA expression. Even
though both myofibroblsts and type II pneumocytes showed tenascin mRNA expression,
it was clearly stronger and more frequent in myofibroblasts than in type II pneumocytes.
The three UIP cases which showed no clear tenascin mRNA expression represented end-
stage fibrosis and honeycombing.

In a few cases bronchial metaplastic epithelium and alveolar macrophages show
weak tenascin mRNA expression, while inflammatory cells such as lymphocytes, plasma
cells and neutrophils or smooth muscle cells showed no signals for tenascin mRNA. In
normal looking parenchyma, which served as a negative control, bronchiolar epithelium,
type I and II pneumocytes, endothelial and smooth muscle cells of the blood vessels, and
alveolar macrophages showed no tenascin mRNA expression. Repeated hybridization
experiments gave constantly similar and, thus, reproducible results.

5.5.2. Fibrotic and inflammatory disorders of the pleura (IV)

In 16 out of the 19 cases, the number of the mRNA grains was diffusely increased in
fibrotic pleural tissues hybridized with35S-labeled anti-sense tenascin RNA probe when
compared to those hybridized with35S-labeled sense RNA probe. The majority of the
labels were localized in the granulation-like tissue beneath the fibrinous exudate, while
in the dense and old fibrosis the labels were sparse.

Large and oval mesenchymal cells of the matrix, especially in the granulative area
underneath the fibrinous exudate, showed increased tenascin expression in 11 out of 19
cases. The number of the cells expressing tenascin mRNA varied from 6 to over 100 in
one section (roughly one cm2) of lung tissue. Immunohistochemical staining
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demonstrated that the majority of these cells were positive forα-smooth muscle actin,
vimentin, desmin and human muscle actin suggesting a myofibroblastic phenotype
(SchÜrch et al. 1998). The cells were less frequently positive for cytokeratin, indicating
either mesothelial cells and/or fibroblastic-type cell differentition with aberrant
cytokeratin expression. The cells expressing tenascin mRNA were negative for FVIII-
related antigen and CD34.

Table 3. In situ hybridization for tenascin mRNA expression as shown by number of
individual cells expressing tenascin mRNA in one tissue section compared with the
diagnosis and the reaction type of the pleural disease.

Sex/Age (yr) Diagnosis Reaction type No of cells expressing tenascin mRNA

M/55 1 granulation > 100
M/79 1 dense fibrosis 0
M/68 2 dense fibrosis 0
M/67 2 granulation 20
M/38 3 granulation 10
M/51 3 granulation > 100
M/66 3 granulation > 100
M/35 3 granulation > 100
M/51 3 granulation 12
F/64 3 granulation 8
M/43 3 granulation 0
M/45 3 granulation 54
M/58 5 granulation 6
M/37 5 dense fibrosis 0
M/64 5 dense fibrosis 0
M/79 5 dense fibrosis 0
M/80 5 dense fibrosis 0
M/64 5 dense fibrosis 0
M/37 5 granulation 38

Definition of abbreviations: diagnosis group no: 1= asbestos, 2= post-pericardiac
syndrome, 3= parapneumonia & empyema, 5= unknown

Individual cells showing strong tenascin mRNA expression could be detected
significantly more often in the cells of pleural samples taken from patients with infective
etiology (i.e. parapneumonia, empyema and tuberculosis) than in those taken from other
patients (p= 0.037 by Fisher's exact probability test). Individual cells showing strong
tenascin mRNA expression could also be observed significantly more often in pleural
samples showing granulation tissue than in those taken from samples showing only
dense fibrosis (p= 0.0001 by Fisher's exact probability test) (table 3).
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6. Discussion

A new classification of idiopathic pulmonary fibrosis has been presented recently
(Katzenstein & Myers 1998). The etiology of these disorders is still unclear. Especially
UIP raises many questions because of its poor prognosis (Bjorakeret al. 1998). It is not
understood why it does not respond to the steroidal treatment like other types of
pulmonary fibrotic disorders, such as DIP, NSIP, BOOP and sarcoidosis usually do. The
initiative factors of UIP have remained unrecognized. The mechanisms that maintain the
process of inflammation, alveolar epithelial damage and remodeling of lung tissue are
also poorly understood. Perhaps genetic influences regulate these events by altering the
immunological response to injury or by modulating the extracellular matrix protein
metabolism in lung (Marshallet al. 1997). In three families with familial IPF, evidence
of alveolar inflammation was found in BAL in half of the clinically unaffected members
(Bittermanet al. 1986). It is possible that finding the genetic factors controlling e.g. the
synthesis and the degradative pathways of various extracellular matrix proteins, such as
tenascin, would clarify the process of fibrogenesis in lung.

Tenascin is an extracellular matrix glycoprotein discovered in the 1980's. Its
function is still unclear, despite numerous investigations that have been made during the
recent years. In 1997 Burch and co-workers reported a surprising connective tissue
defect in Ehlers-Danlos syndrome associated with a genetic deletion of the gene
encoding tenascin-X (Burchet al. 1997). It has been assumed that the function of
tenascin may be slight rather than vital (Erickson 1997). In the present study tenascin
distribution was investigated in UIP and in other types of pulmonary and pleural fibrotic
disorders in order to get more knowledge of the mechanisms of fibrogenesis, and in
order to associate the prognosis of UIP with the amount of tenascin.
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6.1. Possible functions for tenascin

In this study increased tenascin expression was observed in fibrotic disorders of the lung
and the pleura (I & IV). In UIP the most prominent immunoreactivity was localized
especially in the areas of recent epithelial damage (I). By light microscopic studies the
strongest tenascin expression in the lung parenchyma was seen underneath the alveolar
BM and also in the areas where BM was damaged or occasionally totally absent. Some
ultrastructural studies show that at times, when BM is denuded, regenerating type II
pneumocytes come indirect contact with underlying interstitial cells such as fibroblasts
and myofibroblasts, suggesting an interaction between mesenchymal and epithelial
elements (Brody & Craighead 1976, Kawanamiet al. 1982, Corrin et al. 1985,
Adamsonet al. 1990). An extracellular matrix protein, fibronectin, has been assumed to
be relevant for epithelial regeneration (Torikataet al. 1985). Fibronectin has also been
shown to colocalize with tenascin-C in processes such as cell migration (Epperleinet al.
1988), tumors (Gouldet al. 1990) and cell culture systems (Nicoloet al. 1990). Thus,
one potential function for tenascin might be to act as an adhesive and reparative factor in
the process of the epithelial and BM repair.

Both in lung and pleura, increased tenascin expression was observed especially
underneath the damaged epithelium or mesothelium in the granulation-tissue like areas
of the newly formed fibrosis, whereas in old fibrosis tenascin expression was scanty (I,
II, IV). In rat tracheal wound healing tenascin expression was also restricted to the
granulation tissue beneath the regenerating epithelium, while fibronectin was expressed
diffusely both in the granulation tissue and in the areas around it (Kanno & Fukuda
1994). The same distribution of tenascin was observed during wound healing in mouse
skin (Murakamiet al. 1989). In tracheal wound, fibronectin is expressed from the early
stages after the injury to completion of the process of regeneration, whereas tenascin is
expressed later after the injury, showing maximum immunohistochemical staining at 24
hours, and then decreasing more rapidly than fibronectin (Kanno & Fukuda1994). In
skin, tenascin expression has been shown to express in the upper dermis followed by
epidermal proliferation (Schalkwijiet al. 1991). Further, tenascin synthesis in
fibroblasts is known to be induced by epithelial cells (Inagumaet al. 1988, Hiraiwaet
al. 1993). The findings of this study are in concordance with the previous studies,
leading to the conclusion that tenascin might interfere with cell proliferation and the
interaction between epithelial and mesenchymal cells in the remodeling process of the
newly formed fibrotic tissue.

This study shows that increased tenascin expression especially underneath the
metaplastic bronchiolar-type epithelium associates with a poor prognosis in patients with
UIP (I). The metaplastic bronchiolar-type epithelium, i.e. bronchiolization is assumed to
be the end result of alveolar-lining epithelium in interstitial lung disease (Fukuda1994).
Bronchiolar-type epithelium has been shown to predict a less favorable prognosis in
patients with UIP (Sutinenet al. 1980). It is logical to suppose that the wider the
epithelial damage the more tenascin is expressed, which supports the finding that the
amount of tenascin might be a prognostic marker in UIP. Interestingly, the finding of a
recent study shows that a high level of another type of extracellular matrix protein, the
aminoterminal propeptide of type III procollagen (PIIINP), in ELF suggests apoor
prognosis in UIP (Lammiet al. 1999). The fibrotic process in lung has often been
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compared to wound healing in skin. However, whereas wound healing is normally
localized in space and confined in time, the fibrotic pulmonary disorders generally
involve the entire organ and are chronic, ongoing processes (Wolff & Crystal 1997).

In this study tenascin distribution in DIP, NSIP, BOOP, extrinsic allergic alveolitis
and fibrotic pleural disorders was evaluated. In intraluminal fibrotic lesions of BOOP an
intense and extensive immunoreactivity for tenascin was detected in every case (I).
Since BOOP usually has a favorable prognosis (Epleret al. 1985), the association
between tenascin accumulation and the prognosis probably depends on the type of
pulmonary fibrotic disorder. As in UIP, also in fibrotic pleural lesions the most
prominent tenascin immunoreactivity was seen underneath the damaged mesothelial
surface, whereas in sarcoidosis and extrinsic allergic alveolitis the strongest tenascin
immunoreactivity was localized around the granulomas. It is therefore obvious that
tenascin plays an active part in the remodeling process of the tissue, in addition to the
reparative and adhesive functions. In old fibrosis tenascin is expressed only at a low
level, which is logical because the remodeling of the tissue has been completed.

6.2. The cells expressing tenascin mRNA

mRNA in situ hybridization studies showed that both in lung and in pleural fibrotic
disorders, the fibroblasts, which were differentiated into myofibroblast-type cells, are
mainly responsible for the synthesis of tenascin mRNA (II & IV). In pleural fibrosis, this
was the first study to demonstrate that myofibroblasts are the major cell type in the
newly formed fibrosis. However, both in fibroblast foci of UIP and in intraluminal
fibrosis of BOOP, the fibroblasts have been shown to express vimentin andα-smooth
muscle actin, suggesting a myofibroblast-phenotype (Kuhn & McDonald1991, Schürch
1998). In pulmonary fibrosis, myofibroblasts also seem to express type I procollagen
mRNA (Zhanget al. 1994). A recent study demonstrates that in fibrotic human lung,
myofibroblasts induce cell death in the adjacent alveolar epithelial cells (Uhalet al.
1998). Further, interferon-γ has been shown to inhibit the myofibroblastic phenotype of
rat palatal fibroblasts induced by TGF-β1 in vitro (Yokozeki et al. 1999). Furthermore,
alveolar buds (i.e. intra-alveolar fibrosis) showed increased immunohistochemical
reactivity for matrix metalloproteinases (MMPs) and their tissue inhibitors (TIMPs) in
their lining epithelial cells and myofibroblasts in IPF (Hayashiet al.1996).

Immunoelectron microscopic and mRNAin situ hybridization studies demonstrated
that, in addition to the myofibroblasts, tenascin is also synthesized by type II
pneumocytes in UIP. Several investigations have shown that TGF-β1 plays an essential
role in the fibrogenesis in the lung (Broekelmannet al. 1991, Khalilet al. 1991, Zhang
et al. 1995, Cokeret al. 1997) and also in asbestos-induced pleural plaques (Jagirdaret
al. 1997). This study shows that in pleura, cytokeratin-positive cells, possibly
mesothelial cells, accumulate in the same areas where tenascin mRNA positive cells
seem to localize. This suggests a mesothelial origin for tenascin. This finding is
supported by a study of Kinnula and co-workers demonstrating that the mesothelial cells
are capable of producing tenascinin vitro (Kinnula et al. 1998). In UIP, type II
pneumocytes have been shown to express TGF-β1 (Corrin et al. 1994). Also in
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bleomycin-induced rat lung fibrosis both myofibroblasts and fibroblasts express TGF-β1
(Zhanget al. 1995). Further, recent studies show that TGF-β1 regulates both tenascin
expression in human bronchial epithelial cells (Linnalaet al. 1995) and alternative-
spliced isoforms in fetal rat lung (Zhao & Young 1995a). Moreover, TGF-β1 has been
shown to induce myofibroblast-like differentation in human synovial fibroblasts (Mattey
et al. 1997) and in rat palatal fibroblasts (Yokoxekiet al. 1997). Perhaps regenerative
type II pneumocytes synthesize increased amounts of TGF-β1, which induces type II
pneumocytes to produce tenascin and fibroblasts to differentiate into myofibroblast-like
cells. Further, myofibroblasts synthesize more tenascin, and more TGF-β1, thus forming
an autocrine and/or paracrine regulating system that is involved in the pathogenesis of
UIP.

Several cell types produce tenascinin vitro. They include fibroblasts (Erickson &
Taylor 1987), glial cells (Erickson and Bourdon 1989), melanoma cells (Nataliet al.
1990, Herlynet al. 1991), astrocytes (Meinerset al. 1993), amnion epithelial cells
(Linnala et al. 1993), bronchial epithelial cells (Linnalaet al. 1995, Härkönenet al.
1995), nasal epithelial cells (Potter-Perigoet al. 1998), lung fibroblasts and lung
endothelial cells (Zhao & Young 1995b), smooth muscle cells (Hedinet al. 1991) and
keratinocytes (Latijnhouwerset al. 1997). An epithelial origin for tenascin was first
reported in branching bronchi during lung morphogenesis (Kochet al. 1991). In this
study both epithelial and stromal cells were detected to synthesize tenascin, i.e. type II
pneumocytes, mesothelial cells and myofibroblasts (II & IV). These findings are in
accordance with previous studies showing tenascin mRNA expression in skin tumors
both in epidermal and stromal cells (Tuominenet al. 1997), in epithelial and stromal
cells of benign and malignant breast tissues (Yoshidaet al. 1997), and in
myofibroblasts, vascular and epithelial cells in colon adenomas and carcinomas
(Hanamuraet al.1997).

6.3. Tenascin as a biochemical marker for an active fibrotic disorder

This is the first report presenting measurable amounts of tenascin in BAL fluid (III). In
patients with UIP, sarcoidosis and extrinsic allergic alveolitis, ELF and serum tenascin
concentrations were elevated when compared with the "normal" controls in whom ELF
concentration was near zero using the present method (Ylätupaet al. 1995). The
findings by tenascin immunoassays andin situ hybridization experiments support the
idea that in UIP tenascin is synthesized at the sites of epithelial damage by type II
pneumocytes and myofibroblasts. However, it is not yet known which cells produce
tenascin in sarcoidosis and extrinsic allergic alveolitis.

Extracellular matrix proteins such as propeptides of type I and III procollagen
(Lammi et al. 1997, Lammiet al. 1999), fibronectin, hyaluronan (Blaschkeet al. 1990),
vitronectin (Teschleret al. 1993), and growth factors such as human mast cell basic
fibroblast growth factor (Inoueet al. 1996), hepatocyte growth factor (Sakaiet al.
1997), surfactant protein A (McCormacet al. 1995), alkaline phosphatase (Capelliet al.
1997) and IL-8 (Southcottet al. 1995), have been applied as putative indicators for
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demonstration of active fibrotic lung disorders. Tenascin concentration of ELF could
possibly be used in the future to evaluate the prognosis of UIP.

Matrix metalloproteinases (MMP) are proteolytic enzymes that are essentially
involved in the turnover of the extracellular matrix (Woessneret al. 1991). In pleural
effusions, matrix metalloproteinase 1 (MMP-1) and matrix metalloproteinase 2 (MMP-
2) have been shown to be expressed (Eickelberget al. 1997). Recently, membrane-type
matrix metalloproteinases 1 and 2 (MT1-MMP and MT2-MMP) have been shown to
degrade tenascin (D'Orthoet al. 1997). In tuberculous pleuritis high TNF and IFN-γ
concentrations in pleural fluid as well as TNF and IFN-γ mRNA expression in pleural
tissue have been detected (Barneset al. 1990). The present study is the first to
demonstrate increased tenascin accumulation in the fibrotic pleura (IV). It is possible
that tenascin concentration in pleural fluid would increase in pleural fibrotic and
inflammatory disorders, since TNF-α and INF-γ have been shown to regulate tenascin
expression (Härkönenet al. 1995). Furthermore, measurable amounts of tenascin have
been detected in pleural fluid in patients with malignant pleural effusions (Lawniczeket
al. 1992). A marker that could separate the benign and the malignant pleural effusions
from each other would be useful.
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7. Conclusions

1. Tenascin was increased by immunohistochemistry in all types of pulmonary fibrotic
disorders studied such as UIP, DIP, NSIP, BOOP, sarcoidosis and extrinsic allergic
alveolitis as well as in all cases of fibrotic and inflammatory pleural disorders. Both in
pulmonary and pleural fibrosis the strongest and widest immunoreactivity was detected
in newly formed fibrosis, while in old fibrosis tenascin immunoreactivity was scarce.

2. In UIP, increased tenascin expression, especially under metaplastic bronchiolar-type
epithelium, was associated with a shortenend survival time of the patients.

3. In immuno-EM study labeling for tenascin was seen within type II pneumocytes and
in the interstitium among newly synthesized collagen. Immunolabeling was also seen
underneath the BM, but not within it.

4. In UIP and pleural fibrosis, myofibroblasts were mainly tenascin synthezising cells.

5. ELF and serum tenascin concentrations were increased in patients with UIP,
sarcoidosis and extrinsic allergic alveolitis.
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