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An article by Dorscheid et al1 in this issue of the Jour-
nal challenges current treatment of bronchial asthma by
stating that corticosteroids, the most effective anti-asth-
matic controller therapy presently available, fail to inhib-
it or reverse damage to the airway epithelium but rather
might contribute to chronic airway damage in asthmatic
patients through induction of programmed cell death
(apoptosis) of airway epithelial cells. Dorscheid et al
hypothesize that one of the pathologic findings observed
in asthma, shedding of epithelial cells,2 is at least partly
caused by the use of corticosteroids to control the disease.

Bronchial asthma clearly is an inflammatory disease
that is predominantly induced by allergen-mediated sen-
sitization and chronic allergen exposure. In the course of
asthmatic inflammation, release of chemotactic factors
and cytokines leads to increased numbers of effector
cells, such as eosinophils, basophils, and mast cells,
accumulating in the peribronchial and perivascular
regions of the airways. On further activation, these cells
release proinflammatory mediators. Some of these medi-
ators (eg, prostaglandins and leukotrienes) directly con-
tribute to airway smooth muscle constriction and hyper-
secretion of mucus. Mediators derived from eosinophils,
such as major basic protein and eosinophil peroxidase,
are believed to directly damage epithelial cells and pneu-
mocytes.3,4 On chronic airway inflammation, the persis-
tent stimulation and damage of epithelial and subepithe-
lial cells is associated with structural changes, including
goblet cell metaplasia, thickening of the basement mem-
brane, smooth muscle hypertrophy, and submucosal
fibrosis (ie, remodeling).5 These changes are considered
to be the structural correlates of the clinical findings of
increased airway reactivity and decreased pulmonary
function. Importantly, these histologic findings also
occur in patients with mild bronchial asthma,6 making
epithelial cell damage a feature of the disease. It is worth-
while noting that clusters of shed epithelial cells (so-
called Creola bodies) were observed in the airways of
asthmatic patients by Fraenkel in 1898,7 long before the
use of corticosteroids in the therapy of asthma.

Because of the aforementioned pathophysiologic find-
ings in patients with bronchial asthma, anti-inflammatory
approaches are required for disease control. Cortico-
steroids, usually administered by means of inhalation, are
potent inhibitors of inflammatory responses and therefore
are currently considered to be the standard therapeutic
regimen for the treatment of persistent asthma.8 Cortico-
steroid treatment of asthmatic patients reduces the num-
bers of infiltrating eosinophils and lymphocytes in the air-
ways and decreases production and release of
proinflammatory mediators and cytokines. As a conse-
quence, some of the structural abnormalities of asthmatic
airways are normalized after corticosteroid treatment.9,10

Whereas it is generally accepted that the suppressing
effects of corticosteroids on inflammatory cells are at
least partly caused by induction of apoptosis,8 little has
been published about the direct apoptotic effects of cor-
ticosteroids on airway epithelial cells. To the contrary,
corticosteroids have been shown to protect mammary
gland epithelium and alveolar epithelial cells from apop-
tosis in vitro.11,12 However, in a previous report
Dorscheid et al13 showed that in vitro culture of primary
human epithelial cells or a human airway epithelial cell
line (1HAEo–) with high concentrations of various corti-
costeroids induced apoptosis in a time- and concentra-
tion-dependent manner.

A major conceptual challenge of the previous study by
Dorscheid et al13 is that they found that dexamethasone
only induced apoptosis at concentrations of 3 µmol/L or
greater and that a concentration of 0.3 µmol/L had no
effect. It is important to point out that dexamethasone and
the other steroids they used (eg, budesonide) are potent
corticosteroids and nearly saturate the available glucocor-
ticoid receptors at 0.3 µmol/L (a concentration that did
not induce apoptosis). Thus the in vitro effects observed
by Dorscheid et al are unlikely to be mediated by the glu-
cocorticoid receptor. We would predict that the glucocor-
ticoid receptor antagonist RU486 would not block this
response. We would also predict that nonglucocorticoid
steroids, such as tetrahydrocortisone, testosterone, β-
estradiol, and cholesterol, would also induce apoptosis in
the concentration range used (3-30 µmol/L). It is unfortu-
nate that such controls were not included in their previous
study. Another conceptual challenge of this theory is that
there is a body of literature showing that hydrocortisone
is an important ingredient of most defined media used to
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promote the growth of epithelial cells14-16 and stimulates
epithelial cell proliferation at relevant concentrations. In
fact, recent studies by Carayol et al17 provide evidence
that corticosteroids induce the β-catenin/Tcf-4 signaling
pathway and inhibit the activity of caspase-3 in airway
epithelial cells. Chanez et al (personal communication)
propose that corticosteroids enhance epithelial repair by
such a mechanism, a suggestion supported by substantial
clinical literature (see below).

In their previous study Dorscheid et al13 nevertheless
clearly demonstrate that concentrations of corticosteroids
greater than those required to saturate the receptor can
trigger apoptosis in epithelial cells by using a variety of
accepted biochemical assays. These findings raised the
possibility that corticosteroids might induce airway
epithelial cell apoptosis in vivo, prompting them to deter-
mine whether this phenomenon occurs in mice.
Dorscheid et al1 present new data in this issue of the
Journal showing that systemic treatment of mice for 3 to
6 days with a high dose of dexamethasone (1 mg/kg)
resulted in increased numbers of epithelial cells in bron-
choalveolar lavage (BAL) fluid. The authors do not state
the methods used to unequivocally identify epithelial
cells in BAL fluid and provide no information as to
whether the samples were read by a blinded observer. In
similarly treated animals, 3 to 6 days of dexamethasone
had no effect on the number of cells staining for terminal
deoxynucelotidyl transferase-mediated dUTP nick end
labeling (TUNEL) and p85-poly(ADP-ribose) poly-
merase, 2 markers of apoptosis. It could be argued that
this dissociates the appearance of epithelial cells in BAL
fluid from the appearance of apoptotic cells in the epithe-
lium. Longer treatment (2-4 weeks) with dexamethasone
did lead to apoptosis in airway epithelial cells, which
lasted up to 4 weeks after discontinuation of treatment
and was detected by means of TUNEL staining and p85-
poly(ADP-ribose) polymerase abundancy. In a separate
series of experiments, dexamethasone was administered
after systemic sensitization and allergen airway chal-
lenges (daily dexamethasone starting 4 days after aller-
gen airway challenge). As expected, dexamethasone sig-
nificantly reduced the numbers of eosinophils in the BAL
fluids and reduced the number of periodic acid–
Schiff–positive (goblet) cells in tissues. Interestingly, the
number of epithelial cells in the BAL fluid of dexa-
methasone-treated antigen-challenged animals was not
increased compared with that of the antigen-challenged
control animals, suggesting that the supposed apoptotic
effect of dexamethasone was lost when antigen challenge
was administered.

The results of Dorsceid et al1 are in disagreement with
a large body of clinical data in human subjects. Airway
epithelium is fragmented and frequently found to be
denuded in untreated asthma associated with increased
numbers of epithelial cells in the airway lumen. Numer-
ous studies have shown that treatment of asthmatic
patients with corticosteroids causes a restitution or nor-
malization of epithelial integrity (and/or reduces the
numbers of epithelial cells in the sputum) of asthmatic

patients.9,10,18,19 Although there is one recent report that
numbers of apoptotic cells (measured by caspase-3 activ-
ity) in bronchial biopsy specimens of asthmatic patients
were increased in patients receiving corticosteroid treat-
ment, this result might also be interpreted to reflect an
increased disease activity in patients receiving cortico-
steroids.20 Another recent clinical study of cell prolifera-
tion and apoptosis in bronchial biopsy specimens
obtained from asthmatic patients showed extensive pro-
liferative responses and little sign of apoptosis in epithe-
lial cells from asthmatic patients regularly treated with
high doses of corticosteroids, making induction of shed-
ding by corticosteroids rather unlikely.21 Furthermore,
numerous studies have demonstrated no histopathology
associated with prolonged use of topical cortico-
steroids.22 Thus at present, there is little data directly
supporting the hypothesis of Dorscheid et al1 that corti-
costeroid treatment causes epithelial shedding in asthma.

It would be premature to make any alterations in the
therapeutic use of glucocorticoids for asthma therapy on
the basis of the findings of Dorscheid et al.1 Concentra-
tions of inhaled corticosteroids measured in the lungs of
human subjects are orders of magnitude less than those
found to be required by Dorscheid et al1 to induce apop-
tosis in vitro.23,24 The mouse studies suffer from the
same criticism; that is, excessively high quantities of cor-
ticosteroids have been used. Although it is always diffi-
cult to compare doses in mice and human subjects, 1
mg/kg dexamethasone is roughly equivalent to 350 mg of
prednisone per day in a 70-kg human. The mouse is clas-
sified as a steroid-sensitive species, whereas human sub-
jects are classified as steroid resistant on the basis of the
ability of corticosteroids to induce apoptosis in peripher-
al blood lymphocytes.25 Dorscheid et al1 found evidence
of epithelial apoptosis with this dose of corticosteroid
only after daily treatment for 2 weeks, at which point the
integrity of the lungs was compromised by treatment
with systemic steroids. Extended high-dose systemic
corticosteroids are well known to induce a syndrome of
corticosteroid excess, including muscle wasting, extreme
weight loss, and Cushingoid changes.26

The proapoptotic effects of large doses of cortico-
steroids observed in vitro with epithelial cells and in vivo
in a mouse model might add to our knowledge of the
pharmacology of corticosteroids. Although we are not
certain of the relevance of this effect to the use of corti-
costeroids systemically or by means of inhalation in asth-
ma, an argument could be made for further studies.
Among the drugs presently used to treat asthma, there are
none that rival corticosteroids in their effectiveness in
reducing exacerbations, emergency department visits,
hospitalizations, or death. Physicians would be ill
advised to alter their prescribing habits on the basis of
results obtained in mice or in the culture dish with exces-
sively high doses or concentrations of drugs.
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