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During the last decade, morphologic studies on bronchial biop-
sy specimens have led to our present understanding of asthma
as an inflammatory airways disease. However, little knowledge
exists about the sequence of cellular events during the disease
or of possible mucosal changes early in asthma. So far the pri-
mary cause, the site of damage, and the mechanisms inducing
the inflammatory reaction remain to be elucidated. A multifac-
torial genetic susceptibility may be important for the develop-
ment of asthma. Suggested factors that may trigger changes in
the cells’ morphologic and functional phenotype are viral
infections, allergen exposure, maternal factors, diet, and smok-
ing. Current evidence has implied that interactions between
epithelial cells and the subepithelial connective tissue in the
mucosa are important for normal homeostatic balance.
Changes in airway epithelial phenotype possibly resulting
from altered gene expression in its lining cells may be very
important even as a first line change in asthma. (J Allergy Clin
Immunol 2000;105:5S509-13.)
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The health and integrity of the airway epithelium may
be important factors regulating the functions of connec-
tive tissue cells and the composition of the extracellular
matrix (ECM).!-4 There is increasing evidence that
epithelial cells perform multiple functions related to
modulation of local inflammation, wound healing, differ-
entiation, and establishment of polarity that require inter-
actions of their cell surface receptors with the ECM.4-6
Evaluated by both light and electron microscopy, the first
studies showed that patients with mild-to-severe asthma
show damage of the airway epithelium.”- In addition to
the shedding of the columnar epithelial cells, the ciliated
cell-line has been reported to be the most elaborately
affected cell type.”-10 The mechanisms behind airway
epithelial cell damage or its repair mechanisms are not
well known.> Because airway epithelial cells closely
interact with ECM, altered expression of ECM proteins
may occur in asthma. Cellular migration, differentiation,
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proliferation, and remodeling are events that occur dur-
ing embryonic and postnatal development and reoccur
during wound healing.!-3.5.6 To better understand the
underlying pathophysiologic condition behind the devel-
opment and progression of asthma, it is crucial to under-
stand the type of interactive mechanisms that take place
at the airway epithelial and stromal interface during nor-
mal airway branching morphogenesis and in pathologic
processes modified by inflammation.

RECOGNITION OF PATHOLOGIC CHANGES
IN THE AIRWAY MUCOSA
Airway epithelium

In specimens from patients dying in status asthmati-
cus, it has been difficult to find areas of normal bronchial
epithelium. Autopsy specimens have shown marked air-
way edema with the shedding of airway columnar epithe-
lial cells that leaves a layer of basal cells on the basal
lamina.!! The use of endoscopic bronchial biopsy tech-
niques has led to recognition of structural changes in the
airway epithelium of living patients with asthma.”-10

The methods of taking bronchial biopsy specimens by
means of rigid tube bronchoscopy and the use of electron
microscopy’-10 allows the study of airway mucosa of
patients with asthma with less artifactual loss of the
epithelial cells than with the fiberoptic technique. To
establish epithelial structure in the airways of patients
with newly diagnosed asthma in biopsy specimens, the
number of cells touching the lumen was counted. The
most discernible finding was that of goblet cell hyperpla-
sia. The epithelium was made up of a greater than normal
ratio of goblet to ciliated cell, reflecting a change in the
epithelial phenotype already early in asthma.!0 Epithelial
shedding may be related to a more progressive chronic
type of asthma.”

Inflammation of the airway mucosa

Recently many studies have suggested that epithelial
cells may orchestrate the recruitment and activation of
several different types of inflammatory cells by releasing
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chemotactic factors with proinflammatory properties and
by expressing adhesion molecules.!2-!3 Immunohisto-
chemical and cell culture studies have shown that epithe-
lial cells from patients with asthma can express many
potent inflammatory cytokines, such as GM-CSF, 1L-
6,!216.17 and chemokine monocyte chemoattractant pro-
tein-1 (MCP-1),!8 suggesting that they are in an activat-
ed state contributing to the inflammatory pathology of
asthma. Bronchial epithelial cells can be induced to
express IL-1, IL-6, IL-8 ,GM-CSF and MCP-112.!17 by
treatment with IL-1 and tumor necrosis factor produced
by activated macrophages. MCP-1 is a chemoattractant
and activating agent for monocytes!® suggesting that it
contributes to accumulation of macrophages in the
bronchial epithelium. A paracrine feed-back pathway
demonstrates that interactive mechanisms exist between
epithelial cells producing GM-CSF and MCP-! and
macrophages in the stroma capable of producing IL-1.

A recent study showed that inflammatory cytokines
could have a role even in altering airway epithelial cell
morphologic condition.!9 IL-4 has been recognized as an
important pleiotropic cytokine that participates in asthmat-
ic lung injury and inflammation. In 4- to 52-week-old
transgenic mice in which IL-4 was expressed in the
bronchial and bronchiolar epithelial cells under the control
of the Clara cell secretory protein promoter, IL-4 caused
progressive pulmonary infiltration of many inflammatory
cells including lymphocytes and eosinophils. Interestingly,
airway epithelial cell hypertrophy and mucus cell meta-
plasia were observed in the Clara cell secretory protein
promoter IL-4 mice at all ages.!9 These alterations were
similar to morphologic changes that were earlier recog-
nized in adult patients with asthma.!0.20

The great variability in the number of mast cells,
eosinophils, lymphocytes, and neutrophils in the airway
mucosa of patients with asthma gives important clues to
disease process. The regular occurrence of mast cells in
the airway epithelium, even in patients with mild asthma
of short disease duration, supports the importance of
mast-cell involvement in the initial stage of the dis-
ease.7-15.2122 Pesci et al2? showed that there is progres-
sive mast-cell degranulation when the cells move toward
the airway lumen, both in patients with asthma and in
control subjects, but that this degranulation is more evi-
dent in patients with asthma. The number of degranulat-
ed mast cells in the airway epithelium is significantly
higher in patients with asthma than in control subjects. In
both groups, granulated mast cells were absent from the
epithelium; whereas in the lamina propria, granulated
mast cells formed about one third of the total mast cells
in patients with asthma and two thirds of the total mast
cells in normal subjects.2?2 Increased numbers of
eosinophils have been found both in patients with asthma
with stable disease and in patients with evidence of dis-
ease activity.!423-25 An increase in the number of
eosinophils in the mucosa has been related to an increase
in asthma symptoms26-27 and may contribute to the
pathophysiologic process responsible for a change from
stable asthma into asthma exacerbation.
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Airway epithelial basement membrane and
ECM

The basement membrane (BM) is a thin layer of spe-
cialized ECM between the epithelium and stroma that
not only provides mechanical support but also influences
cell-specific functions.?8:29 Several studies have suggest-
ed that the subepithelial BM in patients with asthma is
thickened,?-11.30-32 and it has been proposed that such
thickening could cause the disease to become more per-
sistent. The BM of the airways consists of a basal lamina
and the lamina fibroreticularis (LF).2 The constituents
of the basal lamina, type IV collagen, laminin, and some
proteoglycans are uniformly found in different isoforms
in ali basal laminas in different organs of the body.*® In
asthma, changes in the BM have mainly been described
to occur in the LF.39-33 The thickness of the BM has been
evaluated at electron microscopy level or in light
microscopy with routine staining of the specimens.30-31
At the epithelial side, the border of the BM can be clear-
ly seen, but at the stromal side there is a gradual change
of the composition of the LF to the stromal matrix, which
makes it difficult to define the inner border of the BM.
Thus it has become more important to reveal the molec-
ular components of the BM and, by their specific accu-
mulation in the BM area, to define its thickness. Howev-
er, a thickened BM in asthma can be seen, even without
the use of specific monoclonal antibodies, both in elec-
tron micrographs and in light microscopy in hematoxylin
and eosin-stained sections.0-31

Collagenous proteins are the major constituents of
ECMs. At least 18 different collagen types have been
identified that contain at least 1 collagen triple helix as a
structural motive. In the airways, the main contributors to
the airway wall structure are interstitial collagen types I.
111, and V.32-3¢ Collagen type IV is the main component
of the BM and forms networks by self-assembly.
Laminin-nidogen complexes self-associate into lessor-
dered aggregates.?829 Laminin and type 1V collagen
serve as substrates for migration and attachment for
epithelial cells.28:35 Roche et al33 showed that in asthma
the abnormally dense lamina reticularis beneath the
bronchial epithelium is composed of interstitial collagen
types I, I1I, and V and fibronectin and suggested that it is
produced by myofibroblasts lying beneath the epitheli-
um.36

Special interest has recently been focused on
laminins.3> The laminins form a family of asymmetric
cross-shaped glycoproteins containing 1 o chain (ol-
o.5). 1 B chain, (B1-B3), and 1 y chain (y1-y2). The first
laminin characterized, Ln-1 (al, B1, y1) was isolated
from a murine tumor, and at least 11 different Lns are
now known.33 In the adult human bronchi, immunoreac-
tivity against Ln chains o1, 1, and Y1 has been demon-
strated in the BM, blood vessels, and smooth muscle
cells. Ln @3 and B3 chains are also expressed in the
bronchial BM. The Ln a2 chain is seen occasionally in
nerves, and the Ln 32 chain is found only in smooth mus-
cle cells and blood vessels.3” These studies suggest that
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normal adult bronchial BM contains both Ln-1 and Ln-5
(03, B3, ¥2). Several Ln-binding integrins such as 021,
o3fB1, a6Bl, and a6B4 have been detected on human
bronchial epithelial cells.38 The Ln chain composition in
asthmatic airways has recently been studied in a biopsy
study that shows no difference in Ln o1 distribution and
thickness among the patients with seasonal and chronic
asthma and control subjects.? The Ln B2 chain, which
usually is negative in adult airways, stained positively in
the BM of chronic and occupational asthma. The Ln o2
chain, which is negative in normal adult airways, stained
positive in the BM of patients with occupational and
chronic asthma but not in mild asthma or control sub-
jects.3 Because the Ln o2 and 2 chain appear to func-
tion only during morphogenesis of the lungs,3” some
mechanism in the asthmatic process seems to activate the
expression of these Ln chains. The normally occurring
Ln-1 combination possibly becomes shifted to a different
Ln combination. This change could disturb epithelial
integrity and binding because the assembly forms of Ln
(Ln-2, 02P1v1, and Ln-4, a2B2y1) containing the Ln o2
chain do not normaily bind or bind with low affinity to
the common Ln integrin receptor integrin a2pl.
Increased expression of these Lns in asthma could lead to
weakened cellular attachment and the loss of epithelial
cells. Loss of BM attachment and integrin signaling is
known to lead to apoptotic death of epithelial cells.

The glycoproteins fibronectin and tenascin occur in
some BMs, but their role is unclear.404! Tenascin is a
large hexameric ECM glycoprotein, which is highly
expressed during embryonic development in a spatially
and temporally restricted manner, especially at the
epithelial-mesenchymal border.#! It has a variety of bio-
logic activities, associated with specific domains of the
molecule, such as cellular adhesion and signaling,
growth, differentiation, and morphogenesis of certain tis-
sues. In adult tissues its expression is absent or marked-
ly downregulated. but it re-emerges in pathologic condi-
tions such as wound healing, inflammatory, and
neoplastic processes.*! Tenascin and fibronectin have
opposite functions in many cell models: tenascin is
inhibitory, whereas fibronectin promotes adhesion (for
instance of bronchial epithelial cells).404!1 Cultured
human bronchial epithelial cells can be stimulated to pro-
duce both of these ECM glycoproteins.*?

Tenascin has been extensively studied in various
organs*! and has been described to be variably expressed
in the BM zone of bronchi.4344 A recent study on
bronchial biopsy specimens*> showed an increase in
tenascin immunoreactivity in the bronchial subepithelial
BM layer in patients with chronic and with seasonal asth-
ma compared with control subjects. The tenascin
immunoreactivity appearing as an intense wide subep-
ithelial band in asthma was seen only occasionally in the
BM of control specimens. Instead, in contrast to earlier
published results by Roche et al,*3 no accumulation of
any fibronectin isoform (extradomain A and extradomain
B cellular fibronectins, oncofetal fibronectin, and total
fibronectin) could be detected in the airway BM area. A
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diffuse immunoreaction against both total fibronectin
and locally produced extradomain A-fibronectin was
similarly visible in the airway mucosa of both patients
and control subjects.45 A similar type of immunostaining
is recognized with monoclonal antibodies against colla-
gen type III. The used monoclonal antibodies stain the
BM and stroma, but no clear accumulation to the BM can
be recognized (unpublished observations). Because of
the diffuse staining of collagen type III and fibronectin,
we propose that these components do not contribute to
the special BM-related thickening. In contrast to the
results mentioned earlier, tenascin staining appears as a
brightly fluorescent band with clear localization in the
BM zone. Thus it could contribute to the formation of the
increased width of BM zone in asthma.

RECAPITULATION OF DEVELOPMENTAL
MECHANISM IN EARLY AND PROGRESSIVE
ASTHMA

The epithelial BM compartmentalizes airway mucosa
separating the epithelium, which is of endodermal origin,
from the mesenchyme. The BM is considered a special-
ized form of the ECM. Its role has become important
both in airway developmental processes related to the
branching morphogenesis of the airways and epithelial
cell differentation.3.6.28.29 The ECM components play a
significant role in regulating the behavior of cells. Dif-
ferent matrix proteins induce changes in cell shape,
polarity and movement. They bind soluble messengers,
such as growth factors and cytokines, and facilitate cell-
cell-matrix interactions.® Matrix induces differentiation
that includes commitment of epithelial cells to their
determined phenotype. The 3 main ways of communica-
tion are soluble factors, cell surface receptors (the most
important of which are integrin receptors), and tensile
forces.® These activities contribute to the phenotypic
changes that are related to alterations in the expression of
specific genes which occur in the cells. These properties
are important during embryogenetic events and in deter-
mining the function of cells in different parts of the air-
ways.046 Abnormal expression of these properties may
underlie pathogenetic processes in the airways.!.6.46:47
Considerable data supports an important role for ECM
glycoproteins, such as laminin and fibronectin, in recep-
tor-mediated interactions with cells.35.40

Epithelial damage and inflammation in asthma may be
associated with wound-repair processes in the air-
ways.*545 Wound healing is characterized by the appear-
ance of many ECM components in a spatial and sequential
pattern.!-548 Such repair and developmental processes
share common features indicating that, during inflamma-
tion and wound healing, mechanisms functioning during
embryogenesis may be recapitulated, repeating the
processes of development.!-6 Accordingly we have recent-
ly shown re-expression of Ln subchains o) and f3, in asth-
matic airways, normally expressed only for a short period
during the branching morphogenesis of the fetal airways.39
Also tenascin, which is usually scarce in adult tissues but
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is abundant during embryogenesis and in healing wounds,
is highly accumulated in asthma at the epithelial mes-
enchymal border.4145 Re-expression of tenascin may be
related to the inflammatory process in the airways or re-
expression of similar type of mechanisms normally func-
tioning during the embryonic development of the conduct-
ing airways. Recent studies have also shown similar type
of re-expression of fetally important bombesin-like pep-
tides such as gastrin-releasing peptide in airway repair
processes.?® The mechanisms of epithelial cell commit-
ment during airway development may be primarily
changed in patients with asthma, leading to disturbances in
formation of normal morphologic and functional epithelial
phenotype. However, the study by Jain-Vora et al!® shows
that inflammatory mediators could postnatally sustain
phenotypic changes in the epithelium. In the postnatal
mouse lung, [L-4 was capable of altering epithelial cell
differentation. In asthma already at a clinically early stage,
epithelial damage and inflammation can be recognized in
the mucosa. Different inflammatory mediators involved in
the asthmatic pathologic process are likely to interfere
with normal epithelial healing and differentiation mecha-
nisms. Epithelial-mesenchymal interactions may be fur-
ther disturbed, leading to more pronounced changes in the
structure of the airway wall.

CONCLUSIONS

In asthma, airway epithelial cell damage and inflam-
mation are important factors contributing to the patho-
genetic process of the progression of the disease. In
between these processes, there are simultaneously acti-
vated repair-remodeling-healing cascades, including syn-
thesis and deposition of new matrix and degradation of
many matrix components. Airway epithelial phenotypic
changes may depend on early altered commitment of the
epithelial cells in patients with asthma caused by genetic
susceptibility. This could lead to abnormal functional
cellular responses to triggering factors. It will be impor-
tant to know these cascades and trace changes in epithe-
lial cell gene expression to find new markers to detect
asthma at an earlier stage of the process.

REFERENCES

1. McGowan SE. Extracellular matrix and the regulation of lung develop-
ment and repair. FASEB J 1992;6:2895-904.

2. Raghow R. The role of extracellular matrix in postinflammatory wound
healing and fibrosis. FASEB J 1994:8:823-31.

3. Dunsmore SE, Rannels DE. Extracellular matrix biology in the lung. Am
I Physiol 1996;270:L3-27.

4. Pilewski JM, Latoche JD, Arcasoy SM, Albelda SM. Expression of inte-
grin cell adhesion receptors during human airway epithelial repair in
vivo. Am J Physiol 1997;273:1.256-63.

5. Rennard SI. Repair mechanisms in asthma. J Allergy Clin Immunol
1996;98:5278-86.

6. Post M. Tissue interactions. In: Crystal RG, West JB, Weibel ER, Barnes
PJ, editors. The lung: scientific foundations. 2nd ed. Philadelphia: Lip-
pincott-Raven Publishers, Ltd; 1997. p. 1003-11.

7. Laitinen LA, Heino M, Laitinen A, Kava T, Haahtela T. Damage of the
airway epithelium and bronchial reactivity in patients with asthma. Am
Rev Respir Dis 1985;131:599-606.

21.

22.

23.

24,

25.

26.

27.

28.

o0

J ALLERGY CLIN IMMUNOL
FEBRUARY 2000

. Jeffery PK, Wardlaw AJ, Nelson FC, Collins JV, Kay AB. Bronchial

biopsies in asthma: an ultrastructural, quantitative study and correlation
with hyperreactivity. Am Rev Respir Dis 1989;140:1745-53.

. Ohashi Y, Motojima S, Fukuda T, Makino S. Airway hyperresponsive-

ness, increased intracellular spaces of bronchial epithelium, and
increased infiltration of eosinophils and lymphocytes in bronchial
mucosa in asthma. Am Rev Respir Dis 1992;145:1469-76.

. Laitinen LA, Laitinen A, Haahtela T. Airway mucosal inflammation even

in patients with newly diagnosed astima. Am Rev Respir Dis
1993:147:697-704.

. Dunnill MS, Massarella GR, Anderson JA. A comparison of the quanti-

tative anatomy of the bronchi in normal subjects, in status asthmaticus, in
chronic bronchitis, and in emphysema. Thorax 1969;24:176-9.

. Cromwell O, Hamid Q, Corrigan C, Berkans J, Meng Q, Collins P, et al.

Expression and generation of interleukin-8, IL-6 and granulocyte-
macrophage colony-stimulating factor by bronchial epithelial cells and
enhancement by IL-1B and tumor necrosis factor-o. Immunology
1992;77:330-7.

. Bellini A, Yoshimura H, Vittori E, Marini M, Mattoli S. Bronchial epithe-

lial cells of patients with asthma release chemoattractant factors for T
lymphocyte. J Allergy Clin Immunol 1993;92:412-24,

. Seminario MC, Gleich GJ. The role of eosinophils in the pathogenesis of

asthma. Curr Opin Immunol 1994;6:860-4,

. Olivieri D, Foresi A. Airway inflammation in asthma. Curr Opin Pulmon

Med 1995;1:31-9.

. Marini M, Viuori E, Hollemborg J, Mattoli S. Expression of the potent

inflammatory cytokines, granulocyte-macrophage-colony-stimulating
factor and interleukin-6 and interleukin-8, in bronchial epithelial cells of
patients with asthma. J Allergy Clin Immunol 1992:89:1001-9.

. Sousa AR, Poston RN, Lane SJ, Nakhosteen JA, Lee TH. Detection of

GM-CSF in asthmatic bronchial epithelium and decrease by inhaled cor-
ticosteroids. Am Rev Respir Dis 1993;147:1557-61.

. Sousa AR, Lane SJ, Nakhosteen JA, Yoshimura T, Lee TH, Poston RN.

Increased expression of monocyte chemoattractant protein-1 in bronchial
tissue from asthmatic subjects. Am J Respir Cell Mol Biol 1994;10:142-
7

. Jain-Vora S, Wert SE, Temann U-A, Rankin JA, Whitsett JA. Interleukin-

4 alters epithelial cell differentation and surfactant homeostasis in the
postnatal mouse lung. Am J Respir Cell Mol Biol 1997;17:541-51.

. Laitinen LA, Laitinen A, Haahtela, T. A comparative study of the effects

of an inhaled corticosteroid budesonide and beta 2 agonist terbutaline on
airway inflammation in newly diagnosed asthma: a randomized double-
blind, parallel-group controlled trial. J Allergy Clin Immuno)
1992:90:32-42.

Bradley B, Azzawi M, Jacobson M, Assoufi B, Collins JV, Irani A-M, et
al. Eosinophils, T lymphocytes, mast cells, neutrophils and macrophages
in bronchial biopsies from atopic asthma: comparison with non atopic
asthma and normal controls and relationship to bronchial hyperrespon-
siveness. J Allergy Clin Immunol 1991;88:661-74.

Pesci A, Foresi A, Bertorelli G, Chetta A, Olivieri D. Histochemical char-
acteristics and degranulation of mast cells in epithelium and lamina pro-
pria of bronchial biopsies from asthmatic and normal subjects. Am Rev
Respir Dis 1993;147:684-9.

Filley WV, Holley KE, Kephart GM, Gleich GIJ. Identification by
immunofluorescence of eosinophil MBP in lung biopsies of patients with
bronchial asthma. Lancet 1982;2:11-6.

Bousquet J, Chanez P, Lacoste JY, Bamneon G, Ghavanian N, Enander I,
et al. Eosinophilic inflammation in asthma. N Engl J Med
1990:323:1033-9.

Bentley AM, Menz G, Storz CHR, Robinson DS, Bradiey B, Jeffery PK,
et al. Identification of T lymphocytes, macrophages, and activated
eosinophils in the bronchial mucosa in intrinsic asthma: relationship to
symptoms and bronchial responsiveness. Am Rev Respir Dis
1992;146:500-6.

Laitinen LA, Laitinen A, Heino M, Haahtela T. Eosinophilic airway
inflammation during exacerbation of asthma and its treatment with
inhaled corticosteroid. Am Rev Respir Dis 1991:143:423-7.

Laitinen LA, Laitinen A, Haahtela T. Vilkka V, Spur BW, Lee TH.
Leukotriene E, and granulocytic infiltration into the asthmatic airways.
Lancet 1993;341:989-90.

Paulsson M. Basement membrane proteins: structure, assembly and cel-
lular interactions. Crit Rev Biochem Mol Biol 1992:27:93-127.



J ALLERGY CLIN IMMUNOL
VOLUME 105 NUMBER 2, PART 2

29,

30.

3

32.

33.

34.

35.

36.

37.

38.

39.

Merker H-J. Morphology of the basement membrane. Microsc Res Tech
1994:28:95-124.

Lundgren R, Soderberg M, Horstedt P, Stenling R. Morphological studies
of bronchial mucosal biopsies from asthmatics before and after ten years
of treatment with inhaled steroids. Eur Respir J 1988;1:883-9.

. Jeffery PK, Godfrey RW, Adelroth E, Nelson F, Rogers A, Johansson SA.

Effects of treatment on airway inflammation and thickening of basement
membrane reticular collagen in asthma: a quantitative light and electron
microscopic study. Am Rev Respir Dis 1992;145:890-9.

Trigg CJ, Manolitsas ND, Wang J, Calderon MA, McAulay A, Jordan SE,
et al. Placebo-controlled immunopathologic study of four months of
inhaled corticosteroids in asthma. Am J Respir Crit Care Med
1994:150:17-22.

Roche WR, Beasley R, Williams JH, Holgate ST. Subepithelial fibrosis
in the bronchi of asthmatics. Lancet 1989;1:520-4.

Mayne R, Brewton RG. New members of the collagen superfamily. Curr
Opin Cell Biol 1993;5:883-90.

Engvall E, Wewer U. Domains of laminin. J Cell Biochem 1996;61:493-
501.

Brewster CE, Howarth PH, Djukanovic R, Wilson J, Holgate ST, Roche
WR. Myofibroblasts and subepithelial fibrosis in bronchial asthma. Am J
Respir Cell Mol Biol 1990;3:507-11.

Virtanen I, Laitinen A, Tani T, Paiikk P, Laitinen LA, Burgeson RE, et
al. Differential expression of laminins and their integrin receptors in
developing and adult human lung. Am J Respir Cell Mol Biol
1996:15:184-96.

Mette SA, Pilewski J, Buck CA, Albelda SM. Distribution of integrin cell
adhesion receptors in normal bronchial epithelial cells and lung cancer
cells in vitro and in vivo. Am J Respir Cell Mol Biol 1993;8:562-72.
Altraja A, Laitinen A, Virtanen I, Kampe M, Simonsson BG, Karlsson S-
E, et al. Expression of laminins in the airways of various types of asth-
matic patients: a morphometric study. Am J Respir Cell Mol Biol
1996:15:482-8.

41.

42.

43.

45.

47.

48.

49.

Laitinen et al $513

. Roman J, McDonald JA. Fibronectins. In Crystal RG, West JB, Weibel

ER, Barnes PJ, editors. The lung: scientific foundations. 2nd ed. Philadel-
phia: Lippincott-Raven Publishers, Ltd; 1997. p. 737-55.

Erickson HP. Tenascin-C, tenascin-R and tenascin-X: a family of talent-
ed proteins in search of functions. Curr Opin Cell Biol 1993;5:869-76.
Linnala A, Kinnula VK, Laitinen LA, Lehto VP, Virtanen I. Transform-
ing growth factor-B regulates the expression of fibronectin and tenascin
in BEAS 2B human bronchial epithelial cells. Am J Respir Cell Mol Biol
1995;13:578-85.

Weinacker A, Ferrando R, Eliiot M, Hogg J, Balmes J, Sheppard D. Dis-
tribution of integrins avp6 and a9B1 and their known ligands, fibronectin
and tenascin, in human airways. Am J Respir Cell Mol Biol 1995;12:547-
57.

. Kaarteenaho-Wiik R, Tani T, Sormunen R, Soini Y, Vintanen I, Piiikké P.

Tenascin immunoreactivity as a prognostic marker in usual interstitial
pneumonia. Am J Respir Crit Care Med 1996;154:511-8,

Laitinen A, Altraja A, Kiimpe M, Linden M, Virtanen I, Laitinen LA.
Tenascin is increased in airway basement membrane of asthmatics and
decreased by an inhaled steroid. Am J Respir Crit Care Med
1997,156:951-8.

. Hackett BP, Bingle CD, Gitlin JD. Mechanisms of gene expression and

cell fate determination in the developing pulmonary epithelium. Annu
Rev Physiol 1996;58:51-71.

Cardoso WV, Williams MC, Mitsialis SA, Joyce-Brady M, Rishi AK,
Brody JS. Retinoic acid induces changes in the pattern of airway branch-
ing and alters epithelial cell differentiation in the developing lung in
vitro. Am J Respir Celt Mol Biol 1995;12:464-76.

Mackie EJ, Halfter W, Liverani D. Induction of tenascin in healing
wounds. J Cell Biol 1988;107:2757-67.

Spindel ER. Roles of bombesin-like peptides in lung development and
lung injury. Am J Respir Cell Mol Biol 1996,14:407-8.



