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The inflammation of chronic asthma appears
to be far more complex than a simple
eosinophilic inflammation. All cells of the
airways—inflammatory and structural—are involved and become activated including T cells,
eosinophils, mast cells, macrophages, epithelial
cells, fibroblasts, and even bronchial smooth
muscle cells. All these cells play an eVector role
by the release of pro-inflammatory mediators,1
cytotoxic mediators, and cytokines resulting in
vascular leakage, hypersecretion of mucus,
smooth muscle contraction, epithelial shedding, and bronchial hyperresponsiveness.
These cells are also involved in the regulation
of inflammation of the airways and initiation of
the process of remodelling by the release of
cytokines and growth factors.
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The cellular network in asthma
T lymphocytes play a central role in the
development of airway inflammation.2 They are
present in increased numbers in the airways of
patients with fatal asthma3 or in patients with
asthma of variable aetiology including occupational asthma.4 Most bear CD4 receptors while
CD8 positive cells are more rarely identified,
even during exacerbations of asthma.5 T cells are
likely to play a role in controlling the chronic
inflammation of asthma. Using in situ hybridisation, the Th2 phenotype of T cells has been
observed in cells recovered by bronchoalveolar
lavage (BAL) from patients with asthma. After
allergen challenge, many allergen specific T cells
in bronchial biopsy specimens or BAL fluid are
of the Th2 phenotype.6 Eosinophils are a major
target of Th2 cytokines and their number is
increased in the airways of asthmatic subjects. In
asthma these cells are also activated and release
high levels of several mediators such as eosinophilic cationic protein, growth factors,7 and
metalloproteases. These cells are therefore able
to play an important part in both airway inflammation and remodelling. A recent study has
suggested that the presence of eosinophilic
inflammation is associated with markers of
airway remodelling such as increased levels of
transforming growth factor (TGF)â expression
and a thickened basement membrane.8
Bronchial epithelial cells also have an important role in asthma. These cells are functionally
activated and release large amounts of 15HETE, prostaglandin E2 (PGE2), fibronectin,
and endothelin spontaneously or after
stimulation.9 In asthma, epithelial cells can
express membrane markers such as adhesion
molecules,10 endothelin,11 nitric oxide synthase,
cytokines,12 or chemokines, directly contributing to the development of airway inflammation.
Among structural cells, fibroblasts and myofibroblasts also have a fundamental role; their
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number can be increased in the airways following allergen challenge13 and this has been
correlated with the thickness of the basement
membrane.7 14
Cell survival in airway tissues
It is now increasingly accepted that inflammation in asthma is caused by increased recruitment of inflammatory cells from the bloodstream to the bronchial mucosa and also by
enhanced survival of these cells in the inflamed
airways. The survival of inflammatory cells in
airway tissues depends on survival factors.
Apoptosis, a dynamic process involved in the
control of the “tissue load” of cells at inflamed
sites, tends to limit inflammatory tissue injury
and to promote resolution rather than progression of inflammation.15 We have recently found
that the number of apoptotic eosinophils and
macrophages is significantly reduced in the
bronchial mucosa of asthmatic subjects compared with normal subjects. Interestingly, the
number of apoptotic eosinophils and macrophages was inversely correlated with the
clinical severity of asthma, suggesting that
reduced apoptosis can influence the clinical
severity of the disease.16
Remodelling of the airways
Asthma is characterised by remodelling of the
airways.17 A typical feature of airway remodelling is the increased thickness of the reticular
layer of the basement membrane. Increased
expression of growth factors such as TGFâ7
and endothelin,18 together with active involvement of mesenchymal cells,14 seem to play an
important part in the development of the
structural alteration of the airways. Another
feature of airway remodelling in asthma is the
disruption of elastic fibres.19 It is likely that
these alterations are caused by enhanced
elastolysis, possibly resulting from the increased levels of elastase activity in the airways
of asthmatic patients.20 The development of
airway remodelling in asthma is also characterised by synthesis and deposition of the
extracellular membrane. In this regard, recent
evidence suggests that an imbalance between
metalloproteases (MMPs) and tissue inhibitor
metalloproteases (TIMPs) may have a crucial
role in the increased deposition of the extracellular membrane in the airways leading to
thickening of the airway wall.21
Two other prominent features of airway
remodelling in asthma are smooth muscle and
mucous gland hypertrophy and hyperplasia.22
In patients who have died from an asthma
exacerbation, the increase in smooth muscle is
far greater than in those who died from other
causes.23 Mucous glands are considerably
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Conclusions
Bronchial inflammation has been demonstrated in asthma and appears to be far more
complex than a simple eosinophilic inflammation. There is evidence that the persistent
inflammation of the airways is almost always
associated with airway remodelling.
1 Barnes P. NO or no NO in asthma? Thorax 1996;51:218–20.
2 Corrigan CJ, Kay AB. T cells and eosinophils in the pathogenesis of asthma. Immunol Today 1992;13:501–7.
3 Azzawi M, Johnston PW, Majumdar S, et al. T lymphocytes
and activated eosinophils in airway mucosa in fatal asthma
and cystic fibrosis. Am Rev Respir Dis 1992;145:1477–82.
4 Saetta M, Di-Stefano A, Maestrelli P, et al. Airway mucosal
inflammation in occupational asthma induced by toluene
diisocyanate. Am Rev Respir Dis 1992;145:160–8.
5 Corrigan CJ, Hamid Q, North J, et al. Peripheral blood CD4
but not CD8 T-lymphocytes in patients with exacerbation
of asthma transcribe and translate messenger RNA encoding cytokines which prolong eosinophil survival in the context of a Th2-type pattern: eVect of glucocorticoid therapy.
Am J Respir Cell Mol Biol 1995;12:567–78.
6 Del-Prete GF, De-Carli M, D’Elios MM, et al. Allergen
exposure induces the activation of allergen-specific Th2
cells in the airway mucosa of patients with allergic respiratory disorders. Eur J Immunol 1993;23:1445–9.
7 Vignola AM, Chanez P, Chiappara G, et al. Transforming
growth factor-â expression in mucosal biopsies in asthma
and chronic bronchitis. Am J Respir Crit Care Med
1997;156:591–9.
8 Wenzel SE, Schwartz LB, Langmack EL, et al. Evidence that
severe asthma can be divided pathologically into two
inflammatory subtypes with distinct physiologic and
clinical characteristics. Am J Respir Crit Care Med
1999;160:1001–8.
9 Campbell AM, Chanez P, Vignola AM, et al. Functional
characteristics of bronchial epithelium obtained by brushing from asthmatic and normal subjects. Am Rev Respir Dis
1993;147:529–34.
10 Vignola AM, Campbell AM, Chanez P, et al. HLA-DR and
ICAM-1 expression on bronchial epithelial cells in asthma
and chronic bronchitis. Am Rev Respir Dis 1993;148:689–94.

www.thoraxjnl.com

11 Springall DR, Howarth PH, Counihan H, et al. Endothelin
immunoreactivity of airway epithelium in asthmatic
patients. Lancet 1991;337:697–701.
12 Sousa AR, Lams BE, Pfister R, et al. Expression of
interleukin-5 and granulocyte-macrophage colony- stimulating factor in aspirin-sensitive and non-aspirin-sensitive
asthmatic airways. Am J Respir Crit Care Med 1997;156:
1384–9.
13 Gizycki MJ, Adelroth E, Rogers AV, et al. Myofibroblast
involvement in the allergen-induced late response in mild
atopic asthma. Am J Respir Cell Mol Biol 1997;16:664–73.
14 Brewster CE, Howarth PH, Djukanovic R, et al. Myofibroblasts and subepithelial fibrosis in bronchial asthma. Am J
Respir Cell Mol Biol 1990;3:507–11.
15 Haslett C, Savill JS, Whyte MK, et al. Granulocyte apoptosis and the control of inflammation. Phil Trans R Soc Lond
B Biol Sci 1994;345:327–33.
16 Vignola AM, Chanez P, Chiappara G, et al. Evaluation of
apoptosis of eosinophils, macrophages, and T lymphocytes
in mucosal biopsy specimens of patients with asthma and
chronic bronchitis. J Allergy Clin Immunol 1999;103:563–
73.
17 Bousquet J, Chanez P, Lacoste JY, et al. Asthma: a disease
remodeling the airways. Allergy 1992;47:3–11.
18 Redington AE, Springall DR, Ghatei MA, et al. Airway
endothelin levels in asthma: influence of endobronchial
allergen challenge and maintenance corticosteroid therapy.
Eur Respir J 1997;10:1026–32.
19 Bousquet J, Lacoste J, Chanez P, et al. Bronchial elastic fibers in normal subjects and asthmatic patients. Am J Respir
Crit Care Med 1996;153:1648–53.
20 Vignola AM, Bonanno A, Mirabella A, et al. Increased levels
of elastase and á1-antitrypsin in sputum of asthmatic
patients. Am J Respir Crit Care Med 1998;157:505–11.
21 Vignola AM, Riccobono L, Mirabella A, et al. Sputum
MMP-9/TIMP-1 ratio correlates with airflow obstruction
in asthma and chronic bronchitis. Am J Respir Crit Care
Med 1998;In press:.
22 Ebina M, Takahashi T, Chiba T, et al. Cellular hypertrophy
and hyperplasia of airway smooth muscles underlying
bronchial asthma. A 3-D morphometric study. Am Rev
Respir Dis 1993;148:720–6.
23 Carroll N, Elliot J, Morton A, et al. The structure of large
and small airways in nonfatal and fatal asthma. Am Rev
Respir Dis 1993;147:405–10.
24 Dunnill M, Massarella G, Anderson J. Comparaison of the
quantitative anatomy of the bronchi in normal subjects, in
status asthmaticus, in chronic bronchitis, and in emphysema. Thorax 1969;24:176–9.

Thorax: first published as 10.1136/thorax.55.suppl_2.S59 on 1 October 2000. Downloaded from http://thorax.bmj.com/ on September 18, 2020 by guest. Protected by copyright.

enlarged in the segmental bronchi of asthmatic
subjects, and Dunhill et al24 showed that their
volume is twice as high as in normal subjects.

