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Do long-acting b2-adrenoceptor agonists enhance the anti-
inflammatory effect of glucocorticoids in asthma?

A.J. Knox, Y.M. Zhu, L. Pang

Airway inflammation is a central feature in the
pathophysiology of asthma and cytokine networks
play a fundamental role in the chronic inflammatory
process. Anti-inflammatory treatment with inhaled
corticosteroids provides the mainstay of asthma
management in conjunction with bronchodilator
therapy. Short-acting b2-adrenoceptor agonists have
been used as bronchodilator treatment in asthma for
decades and whilst these agents produce useful
bronchodilatation through airway smooth muscle
relaxation, concerns were raised for several years
that they may have deleterious pro-inflammatory
effects when given on their own. Short-acting b2-
agonists can cause a rebound increase in bronchial
responsiveness after cessation of therapy [1] and
regular salbutamol use can increase the early response
to allergen [2]. A number of recent clinical studies,
however, particularly with long-acting b2-agonists
have contradicted the established dogma that
b2-agonists are potentially harmful and may mask
underlying inflammation [3 – 7]. Studies with long-
acting b2-agonists have shown that when these drugs
are given in conjunction with inhaled steroids, they
produce beneficial effects on symptoms, airflow and
asthma exacerbations [3 – 7]. Whilst these findings
may reflect the fact that the best treatment for asthma
is to combine an anti-inflammatory drug with a long-
acting airway smooth muscle relaxant, they raise the
intriguing possibility that there is a beneficial inter-
action between long-acting b2-adrenoceptor agonists
and corticosteroids on part of the inflammatory
process.

There are a number of in vitro studies which
suggest potential anti-inflammatory actions of b2-
adrenoceptor agonists which may be complementary
or even synergistic with the actions of corticosteroids
and the manuscript in this issue by KORN et al. [8] adds
further weight to this hypothesis. These investigators
studied the effects of the long-acting b2-agonist
formoterol, and the corticosteroid budesonide, on
secretion of granulocyte macrophage-colony stimulat-
ing factors (GM-CSF) and interleukin (IL)-8 secretion
by primary bronchial epithelial cells in culture in
response to the pro-inflammatory asthma mediator,

tumour necrosis factor-a (TNF-a). GM-CSF is an
important survival factor for eosinophils, whereas
IL-8 is an important chemoattractant mainly for
neutrophils. They found that budesonide reduced the
amount of both factors by y40% when given alone.
When formoterol was given alone it caused a
reduction in GM-CSF levels to a similar extent as with
budesonide, but also increased IL-8 levels by 50%.
However, when both formoterol and budesonide were
given simultaneously, GM-CSF levels were lowered to
basal levels suggesting an additive inhibitory effect.
Furthermore, giving budesonide in addition to for-
moterol blocked the increase in IL-8 that formoterol
caused on its own. The combination of both agents
therefore had an improved antiasthma profile causing
an additive reduction of GM-CSF levels and a
reduction in IL-8 production in this in vitro model.
A number of studies in other in vitro models have
similarly shown additive or synergistic effects of b-
agonists and steroids given in combination, although
there seemed to be slight differences in the response
seen depending on the cell type studied.

Our own studies in human airway smooth muscle
cells [9] show that both b-agonists and steroids given
alone produce a reduction in eotaxin levels by
40 – 50% but when the drugs are given in combination
the eotaxin production is almost abolished. As eotaxin
is an important eosinophil chemoattractant, these
findings taken in conjunction with the finding of KORN

et al. [8] with GM-CSF, suggest that a combination of
long-acting b-agonists and corticosteroids would be
expected to reduce eosinophil recruitment and sur-
vival in the lung. There are similarities between the
results of KORN et al. [8] and our own results on
human airway smooth muscle cells looking at IL-8
[10]. We found that corticosteroids, dexamethasone or
fluticasone could reduce TNF-a stimulated IL-8
production by y50%. Unlike KORN et al. [8], we did
not find that TNF-a induced IL-8 release was
potentiated by b-agonists given alone, though un-
stimulated IL-8 release was. Moreover, when the
combination of a b-agonist and steroid were used to
prevent TNF-a induced IL-8 production, they had a
marked synergistic effect suggesting that b-agonists
had an inhibitory effect, which was only seen in the
presence of a corticosteroid. The differences in
responses between cell types may reflect differences
in their b-receptor complements. These interactions
do not seem to be confined to airway structural cells,
since studies in mononuclear cells have also shown
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that salmeterol can enhance the inhibitory activity of
dexamethasone on allergen-induced mononuclear cell
activation [11].

A number of mechanistic explanations have been
put forward to explain how b-agonists and steroids
might interact to reduce inflammatory signals. One
study in fibroblasts has suggested that b-agonists may
promote translocation of the glucocorticoid receptor
into the cell nucleus [12]. Whilst this mechanism
may operate in some cells it would not explain the
work by KORN et al. [8] as they showed no effect of
glucocorticoid antagonists on the effect of formoterol.
Similarly, we have been unable to show increased trans-
location of glucocorticoid receptor after b-agonist
treatment in human airway smooth muscle cells [9].
Another possible explanation is an effect of b-agonists
on the transcription factor nuclear factor-kappa B
(NF-kB). A recent study in monocytic THP-1 (human
promonocytic) cells stimulated with lipopolysacharide
showed that b-agonists could inhibit TNF-a and IL-8
production and that the effect was related to increased
cytoplasmic concentrations of the endogenous inhi-
bitor of NF-kB, IkBa (the inhibitory protein for NF-
kB), possibly through decreased IkBa degradation
[13]. The effects of b-agonists in all of these cells
appear to be mediated by b2-adrenoceptors, although
studies differ on whether protein kinase A is involved
[9, 10].

There are several questions raised by these in vitro
studies. Are the same effects seen with long- and
short-acting b-agonists? Are these findings relevant to
airway inflammation in vivo? With regard to the first
question most of the studies showing a potential anti-
inflammatory effect of b2-adrenoceptor agonists in
vitro have shown that these effects are a class effect i.e.
they are seen with both short- and long-acting drugs.
This contrasts with the situation in vivo, where long-
acting drugs seem more effective than short-acting
drugs. This may partially be explained by the fact that
in vitro short-acting b-agonists are used in a way that
mimics the effect of a long-acting b-agonist, i.e. the
tissue preparation or cells being studied are con-
tinuously bathed with the drug, whereas in vivo, the
pharmokinetics are such that b2-receptor occupancy
will fluctuate with short-acting drugs and there may be
periods during the day where they lose their effect,
particularly overnight.

Is there any evidence in support of anti-inflammatory
effects of b-agonists in vivo? There seems to be little
data to support this from studies with short-acting
b-agonists [14] although a small reduction in eosino-
phils in induced sputum were seen in one study when
short-acting b-agonists were combined with inhaled
steroids [15]. With respect to the long-acting drugs,
studies of salmeterol given alone have failed to show
any reduction in inflammation in bronchial biopsies
[16], thus emphasizing the fact that b-agonists given
alone are probably not a suitable treatment for
moderate asthma. Although few studies have set out
to determine whether long-acting b-agonists can have
anti-inflammatory effects when added to inhaled
steroids, one study showed that introducing salme-
terol caused a significant fall in the EG1 positive
eosinophils in the lamina propria [17] therefore

supporting an additional anti-inflammatory benefit.
The fact that low dose budesonide plus formoterol
had the same anti-inflammatory activity as high dose
budesonide in another study would support this [18].
Further studies are required, however, to confirm or
refute this.

In conclusion, an increasing volume of evidence
suggests that beneficial interactions between long-
acting b-agonists and corticosteroids may occur in
vitro in a number of airway cells relevant for asthma.
It is tempting to speculate that these interactions may
be important in the reduction of exacerbations and
improvement in asthma that occurs in clinical studies
when these agents are combined, although further
evidence is needed. Nevertheless, combined treatment
with long-acting b-agonists and inhaled cortico-
steroids is likely to provide the mainstay of asthma
management for the forseeable future.
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