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The secret life of steroids in asthma
P.J. Sterk*, C.Y. Yick* and A.M. Slats#

A
sthma is an inflammatory disease. Who is still question-
ing this paradigm? In the Global Initiative for Asthma
(GINA) guidelines the disease is defined as a chronic

inflammatory disorder of the airways [1]. The evidence for this is
overwhelming, and comes from observational studies as well as
experimental models. The proof of the pudding has been
provided by numerous studies with anti-inflammatory inter-
ventions. Ever since the early 1950s [2], the efficacy of both short
courses and maintenance treatment with corticosteroids in
asthma has been beyond any discussion [1]. Hence, the evidence
that inflammation is causally involved in the pathophysiology of
asthma nicely meets Koch’s postulations.

Therefore, it is no surprise that ever since this key mechanism
of the disease was identified, many academic and industrial
groups rushed to develop the most selective and potent anti-
inflammatory compounds for suppression, prevention or
perhaps even cure of the disease. Remarkably, during the past
20 yrs the development of new anti-inflammatory therapies for
asthma has been less successful than was hoped and expected
[3]. Can’t we identify the responsible inflammatory targets?
Should such targets be combined? Certainly, this cannot be
excluded and deserves an even more intensive search. But, is it
not frustrating to see our neighbour rheumatologists success-
fully testing and implementing one novel anti-inflammatory
after the other [4]?

Of course, asthma is a complex disease, perhaps even more
complex than arthritis. But what does that mean? If anything,
that must be the key point. Complexity requires multi-
dimensional approaches. Should we keep on addressing
asthma as reductionists, or does the disease require a more
integrative approach, by taking the elaborate dynamics of the
organ and the organism into account rather than singling out
molecular pathways? It seems that the puzzle of asthma
demands the latter. Fortunately, we are moving on to familiar
ground here, because this is physiology (or ‘‘systems biology’’
by today’s nomenclature). Physiology has always been very
strong in respiratory medicine, and we must take advantage
of that. MACKLEM [5] may well be right in predicting that
deep understanding of the adaptable, self-organised order of
biological systems in health and disease will create the next
biomedical revolution.

Consequently, is asthma more than inflammation? In principle,
asthma is a disease of (variable) airflow limitation. That is to
say, episodes of too much narrowing with too little or too short
re-widening of the airways. Usually, this is referred to as
airway hyperresponsiveness, even though the impaired phy-
siological ability to adequately dilate narrowed airways is not
often included in this term (yet). Over the past few years,
airway hyperresponsiveness has often been considered as a
surrogate measure of airways inflammation [6]. Inflammation
was thereby put in the driver seat, with functional abnormal-
ities of the airways merely as the consequence. Well, here we
are in 2008. The cracks of this paradigm may best be illustrated
by the latest revision of GINA [1]. Whereas the previous
definition of asthma in the 2004 GINA report [7] used the
phrase ‘‘chronic inflammation is causing an associated increase
in airway hyperresponsiveness’’, the current 2007 update
stepped back by saying ‘‘chronic inflammation is associated
with airway hyperresponsiveness’’ [1]. This essential change of
wording did not drop from the skies.

Animal models of asthma warned us that airway inflammation
and airway hyperresponsiveness do not correspond well
enough [8, 9]. And indeed, targeted interventions in patients
with asthma, e.g. by anti-tumour necrosis factor-a [10] or anti-
immunoglobulin E [11], have shown benefits on either
hyperresponsiveness or inflammation, but not on both. Let’s
face it, there is a discrepancy between abnormal function and
inflammation of the airways in asthma, at least when
considering airway inflammation as measured by inflamma-
tory cell counts in sputum or the lamina propria of bronchial
biopsy specimens. The latter does not cover inflammation in its
broad sense, which has to include other compartments of the
airway wall, inflammatory cell activity and other features, such
as oedema, hyperaemia and perhaps even longer term
structural changes. But even the latter, often referred to as
airway remodelling, does not match well with airway
hyperresponsiveness [12, 13]. This means that, before closing
the debate on the relationship between airway inflammation
and hyperresponsiveness, we need to reconsider the appro-
priate measures of both outcomes. For instance, inflammation
within the airway smooth muscle layer in asthma [14] does
correspond with airway hyperresponsiveness [15]. Measures
of hyperresponsiveness other than just provocative concentra-
tion causing a 20% fall in forced expiratory volume in one
second (such as deep inspiration-induced bronchodilation and
the maximal degree of airway narrowing) do appear to be
associated with inflammatory markers within the airway wall
[15, 16]. Therefore, more than the standard measures are
required when investigating the potential mechanisms (and
treatment) of variable airflow limitation.
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This is exactly the angle that LAKSER et al. [17] chose in the
current issue of the European Respiratory Journal. Here one
recognises a physiological approach. Their study is based on
the notion that the most potent, endogenous bronchodilating
mechanism of humans in vivo appears to be grossly impaired
in asthma. This refers to bronchodilation following a simple,
deep sigh as observed in normal subjects after encountering a
bronchoconstrictor stimulus [18]. The mechanism of deep
inspiration-induced bronchodilation is likely to be related to
the observation that airway smooth muscle cells can adapt
to mechanical changes in their microenvironment [19].
Peribronchial pressures vary during inspiration and expira-
tion, which imposes cyclic force fluctuations on the airway
wall. These force fluctuations can periodically stretch airway
smooth muscle, which reduces the development of active force
as well as the stiffness of the muscle [19]. This will impede
smooth muscle shortening and promote relaxation of pre-
contracted muscle. In asthma in vivo, such endogenous
protection largely fails, which may be due to mechanisms
related to smooth muscle itself, its environment or both [20].

LAKSER et al. [17] reasoned that if this is the key abnormality of
airway function in asthma (as opposed to airway inflammation
per se), the re-lengthening of smooth muscle by force fluctuations
should be steroid sensitive. The hypothesis was that steroids
inactivate a potential suppressor of force fluctuation-induced re-
lengthening, p38 mitogen-activated protein kinase (MAPK) [21],
by increasing the expression of MAPK phosphatase-1 (MKP-1).
This inactivates p38 MAPK, thereby enhancing the stretch of pre-
contracted airway smooth muscle by periodic strain. The data
show that [17], first, incubation of isotonicly shortened canine
tracheal smooth muscle strips with dexamethasone prior to and
during force fluctuations significantly augment muscle re-
lengthening. Secondly, dexamethasone increases the expression
of MKP-1 in cultured canine tracheal smooth muscle cells, which
is accompanied by a decrease in phosphorylation of a down-
stream target of p38 MAPK, heat shock protein 27 [17]. In short,
steroids promote the re-lengthening of smooth muscle by cyclic
stretch and also inhibit a suppressor signalling pathway of this,
fitting in with each other.

The strength of the study is its functional approach. The value
of this cannot easily be underestimated. There is huge progress
in the cell biological research of airway smooth muscle,
particularly with regard to its phenotype (contractile, secretory
and proliferative) and its close interaction with surrounding
matrix and neighbouring (inflammatory) cells [22]. However,
the vital step here is the link with smooth muscle function and,
in particular, the dynamics of it, based on the rapid progress in
understanding the biophysics of airway narrowing [19, 20, 23].
LAKSER et al. [17] mimicked the physiological oscillatory
conditions of airway smooth muscle, which is critical. They
directly assessed the effects of the major anti-asthma drug on
what is increasingly believed to be the fundamental functional
characteristic that distinguishes asthma from controls; namely,
the mechanical changes of the muscle secondary to force
fluctuations that occur during normal breathing and after
taking an occasional deep breath. This is just what happens at
the organ level in all humans.

However, the study also has significant limitations that need to
be taken into account [17]. First, this is canine and not human

smooth muscle. Secondly, this is not smooth muscle obtained
from asthmatics or from a model of asthma. Hence, all the
study demonstrates is that re-lengthening by force fluctuations
of ‘‘normal’’ muscle strips can be increased by steroids [17]. In
fact, the re-lengthening was initiated by steroids because it was
absent in the control strips. Therefore, the study does not
answer the question as to whether impaired re-lengthening of
smooth muscle from asthmatics can also be restored by
steroids. Notably, impaired re-lengthening of smooth muscle
from patients with asthma in vitro still needs to be established.
This seems to be a priority for the field, regardless of whether it
is a primary or a secondary abnormality [19, 20]. Finally, the
study does not show a causal relationship or a statistical
association between the changes in signalling pathways and
those in muscle re-lengthening. The observations are therefore
hypothesis generating, rather than hypothesis testing.

What hypotheses can be generated from this study? Most
importantly, the study raises the possibility that steroids
restore airway function in asthma through direct effects on
airway smooth muscle rather than by suppressing inflamma-
tion. This suggests that we confused a steroid-sensitive disease
with an inflammatory disease! Steroids are not anti-inflamma-
tory per se [24]. Steroids affect gene transcription in virtually
any cell type, not only in inflammatory cells, but also in airway
resident cells, including airway smooth muscle [25]. The
responsible signalling pathways are not fully understood,
and could not only be related to transcriptional and post-
transcriptional inhibition of MKP-1 and calcium-mobilising
second messengers [26], but also to altered transcription of
proteins that are responsible for airway smooth muscle
phenotype, including contractile elements, cytoskeleton, cell
surface molecules, and cytokines or mediators with autocrine
function [23, 27]. This will inevitably influence contractile,
secretory and proliferative activity. Now it is time to delineate
which of these pathways is most appropriate to enhance
stretch-induced relaxation of airway smooth muscle in asthma.
The physiologists have already taken up the gauntlet [19]. It
requires directly linking the dynamics of airway narrowing in
asthmatics in vivo to phenotypic markers of airway smooth
muscle [28], which can now be expanded by using high-
dimensional gene expression profiles. If this does not demand
an integrative approach, what does?

Meanwhile, steroids will continue to be effective in patients
with asthma. They do have anti-inflammatory effects [29] and
they do restore the endogenous bronchodilation by a deep sigh
in patients with asthma [30]. The secret is which of these
benefits the patients most? Or alternatively, which of these is
the critically impaired activity by steroids that troubles the
severe asthma patients with steroid resistance most [31]? Is it
the lack of anti-inflammatory effects or the inadequate
normalisation of airway smooth muscle dynamics? The
hypothesis is out that it is the latter!
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