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Airway epithelial damage and chronic inflam- 
mation are the main contributory factors in the 
development of asthma. Until bronchoscopic tech- 
niques were developed, clear evidence of the in- 
flammation was relatively unknown. Today, with 
electron microscopy of bronchial biopsy specimens 
or immunohistochemistry studies, a definitive pic- 
ture emerges of the cellular changes associated 
with the chronic inflammation of asthma, as well as 
evidence of the vascular disturbances that charac- 
terize this disease. 1-8 

Recent studies have also shown that glucocorticoids 
ameliorate airways mucosal and epithelial damage by 
normalizing different cell types and by increasing the 
number of intraepithelial nerves and decreasing the 
number of endothelial gaps in the postcapillary 
venules. 9 Glucocorticoids may have an effect on the 
accumulation and thickening of basement membrane, 
thus improving intercellular communication and pre- 
venting asthma recurrences (Fig. 1). 

Although it is known that glucocorticoid treat- 
ment reduces the damage caused by asthma on 
airways mucosa and epithelium, it is difficult to 
envision the impact of these drugs on remodeling 
of asthmatic airways without current broncho- 
scopic techniques. This article presents an outline 
of airways development and the effect of glucocor- 
ticosteroids on the structural and cellular changes 
that occur in asthma. 

AIRWAYS DEVELOPMENT 

Bronchial epithelium is endodermal in origin, 
whereas the lamina propria is of mesenchymal 
origin. Therefore on the basis of these observa- 
tions, it can be assumed that the extracellular 
matrix pattern is mesenchymal in origin (Fig. 2). 
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The extracellular matrix is composed of a mix- 
ture of macromolecules and fibrous proteins. 1° At 
present it is known that many ECM proteins, 
proteoglycans, and the expression of cellular re- 
ceptors are needed for normal airway branching 
morphogenesis. ~1 Laminins and type III collagen 
are important to airway development. The addi- 
tion of antilaminin antibodies to embryonic lung 
cultures leads to decreased tube formation, termi- 
nal branching, and epithelial cell mitosis. 11, t2 Also, 
neuropeptides such as bombesin-like peptides 
(e.g., gastrin-releasing peptide), which increase 
cleft formation and neutral endopeptidase, which 
leads to degradation of peptides, may be important 
during airway morphogenesis. 

The development and repair mechanisms of the 
airways are similar in that the process of wound 
healing recapitulates the main events commonly 
associated with embryogenesisJ 3 During develop- 
ment of the airways, the extracellular matrix regu- 
lates the differentiation, organization, and function 
of epithelial ceils, in particular cell shape, cell 
polarity, and differentiation of function. At the 
same time, epithelial cells regulate the production 
of the extracellular matrix. 1~ 

STRUCTURE OF ASTHMATIC AIRWAYS 

Fig. 3 illustrates the different events during 
development and the repair systems that occur in 
airways. It is important, however, to understand 
the components of the extracellular matrix and 
basement membrane to grasp the changes that 
occur during asthma. 

Extracellular matrix 

The extracellular matrix is composed of glycos- 
aminoglycan and proteoglycan macromolecules 
that form a highly hydrated, gel-like substance in 
which fibrous proteins are embedded. These fi- 
brous proteins may be structural in type, such as 
collagen and elastin, or adhesive, such as fibronec- 
tin and laminin. 1° Type IV collagen, fibronectin, 
and laminin are produced by bronchial epithelial 
cells. 14 Laminin and fibronectin can interact with 
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FIG. 1. Airway epithelium has endodermal and matrix 
mesenchymal origin during embryogenesis. Epithelial 
cells and matrix have interactions mediated by cell sur- 
face receptors such as integrins. 
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FIG. 2. Components of extracellular matrix interact with 
cell surface molecules such as different types of integrin 
receptors and proteoglycans. These interactions lead ep- 
ithelial cells to reciprocate by inducing signal transduc- 
tion cascades in the cell, altering cellular responses. 

the collagenous structures of the extracellular 
matrix. 10-12 

Basement membranes 

Basement membranes are thin layers of special- 
ized extracellular matrix that form a supporting 
structure for epithelial cell growth? ° It has recently 
been suggested that basement membranes provide 
not only mechanical support but also influence 
cellular behavior? 5 Somewhat different from the 
surrounding extracellular matrix, the major molec- 
ular components of basement membranes are type 
IV collagen, laminin/entactin/nidogen complexes, 
and proteoglycans. ~5 

Epithelial changes during asthmatic insult 

Fig. 4 depicts the predominant changes in asth- 
matic airways. These are an abnormal airway epi- 
thelium, which is characterized by a greater-than- 
normal ratio of goblet-to-ciliated epithelial cells, a 
thickening of the basement membrane (Fig. 5), a6 
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FIG. 3. Interactions between epithelial cells and extracel- 
lular matrix are important during normal morphogenesis, 
as shown on left. Similar mechanisms are involved dur- 
ing injury and repair processes, as shown on right. During 
inflammation, major events commonly associated with 
embryogenesis may be activated but are modified by me- 
diators released from inflammatory cells and injured tissue. 

and an increase in inflammatory cell counts (e.g., 
mast cells, eosinophils, and lymphocytes). 1° The 
difference between events during lung develop- 
ment and the repair response to injury is that 
during the repair response, these events listed 
occur in concert with the inflammatory process, 
which includes the release of cytokines and trans- 
forming growth factor b. 17 These interactive in- 
flammatory mediators appear to work together, 
leading to the cellular damage that is often seen in 
asthmatic patients even with mild disease. 

ANTIINFLAMMATORY EFFECTS OF 
CORTICOSTEROIDS 

Corticosteroid treatment brings about abate- 
ment of the inflammatory process. The exact 
mechanism is not known, but it is thought that 
corticosteroids diffuse across the cell membrane 
and bind to specific receptors within the cyto- 
plasm. 9 Several studies have documented the nor- 
malizing effect of inhaled corticosteroids on airway 
inflammation. In earlier studies Haahtela et al. 18,19 
undertook a controlled clinical trial comparing the 
effect of inhaled budesonide and an inhaled [3 2- 
agonist, terbutaline, on clinical symptoms and lung 
function in adult patients with newly diagnosed 
asthma. As a part of that study, biopsy specimens 
were taken before the study, during a 3-month 
treatment period with either drug, and after the 
treatment period and then analyzed by electron 
microscopy. 9 

Great clinical improvement occurred in the 
group taking inhaled budesonide. In addition, bi- 
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FIG. 4. Low-power transmission electron micrograph. Bronchial biopsy specimen from an 
asthmatic patient having asthma for less than a year. Figure shows damaged airway epithelium 
(E) and a thickened subepithelial basement membrane (BM). A strong inflammatory reaction is 
seen in lamina propria with eosinophils (black arrows) and lymphocytes (open arrows). (Original 
magnification x2000.) 

opsy findings in the budesonide-treated group 
showed a reconstruction of epithelial structure, in 
particular an increase in the ciliated-to-goblet cell 
ratio from 2:1 before the study to 6:1. Moreover, 
normalization of epithelial nerves and a decreased 
number of gaps in postcapillary venules were 
noted. These findings were not observed in the 
terbutaline-treated group. 

In a recent study 2° the effects of budesonide, 400 
Ixg twice daily, or placebo on basement membrane 
thickness and composition were compared in pa- 

tients with seasonal birch pollen asthma. Biopsy 
specimens were taken from either budesonide- 
treated or placebo patients before the season and 
after a 5- to 6-week treatment period. The extra- 
cellular matrix proteins tenascin (Fig. 6) and col- 
lagen type III was analyzed by calculating the 
amount of immunofluorescence staining in each 
biopsy sample with use of a computerized Auto- 
Cad program. In this study there was a significant 
decrease in the amount of tenascin found in budes- 
onide-treated patients after treatment compared 
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FIG. 5. Transmission electron micrograph. Biopsy specimen is from an asthmatic patient. 
Figure shows a thickened subepithelial basement membrane (BM). Basal cells possess hemides- 
mosomes (HD) by which they adhere to superficial part of basement membrane. Anchoring 
fi laments (AF)form part of adhesion complex. Bar = 500 nm. (Original magnification × 10,000.) 

with patients receiving placebo. There were no sig- 
nificant differences in amounts of collagen found in 
either treatment group. 

Trigg et al. 21 have reported the effects on colla- 
gen III in the airway basement membrane with 
twice-daily treatment of beclomethasone dipropi- 
onate (1000 txg/day) over a 4-month period. In this 
study biopsy specimens were taken from patients 
receiving either beclomethasone (n = 13) or pla- 
cebo (n = 12) and analyzed for inflammatory cell 
counts and collagens in the basement membrane. 
After the treatment period, biopsy studies in the 
beclomethasone-treated group showed, in addition 
to collagen III, a significant reduction in the num- 

ber of mast cells and reductions in the numbers of 
total eosinophils and activated eosinophils. 

It has been suggested that glucocorticoids 
modulate cell-matrix interactions by influencing 
increased expression of extracellular matrix 
components such as tenascin, thereby affecting a 
down-regulation of inflammation. It is still not 
clear, however, whether inhaled corticosteroids 
affect the extracellular matrix specifically or in- 
directly. Ekblom et al. 22 determined that in cell 
culture dexamethasone had a direct effect on 
tenascin but not on laminin. This result sug- 
gested the possibility of a direct and specific 
effect by corticosteroids. 
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FIG. 6. Light microscopy. Immunofluorescence technique using monoclonal antibody against 
tenascin (Tn). Figure shows strong Tn immunoreact iv i ty in airway subepithelial basement 
membrane area. Some immunoreact iv i ty is seen in smooth muscle. 

DISCUSSION AND CONCLUSIONS 

The presence or absence of epithelial damage is 
the main difference in patients with asthma com- 
pared with control subjects. We believe that the 
communication between the different cell types 
and extracellular matrix proteins is a central deter- 
minant of the disease process. 

It is also hypothesized that altered communi- 
cation between cells can occur as a result of 
varying ratios in cell types (e.g., increased num- 
ber of goblet-to-ciliated cells) or the presence of 
different cell receptors and secretory functions 
(e.g., neuropeptide or neutral endopeptidase), 
thereby potentiating increased mucous produc- 
tion and changes in basement membrane and/or 
extracellular matrix components. It is now known 
that increased tenascin, collagens, and fibronectin 
result in accumulation and thickening of basement 
membrane, which further alters communication be- 
tween epithelial and lamina propria cells. 

Glucocorticosteroids have a normalizing effect 
on different cell types and extracellular matrix 
components. Glucocorticosteroids may also reduce 
the thickening of basement membrane through 
down-regulation of inflammation, thereby influ- 
encing better communication on a cellular level 
and a resultant prevention of asthma. 
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