
Glucocorticosteroids are the backbone of asthma therapy and
are administered mainly by the inhaled route. Patients with
“difficult” asthma are not a single homogeneous group. Some
are stable on high-dose steroid therapy but experience unac-
ceptable side effects; others remain unstable despite receiving
high doses of inhaled or oral steroids. Several different steroid-
sparing and alternative agents have been tried, with varying
degrees of success. Some success has been achieved with con-
ventional immunosuppressants such as methotrexate, gold,
and cyclosporin A, but these agents can be justified only in a
limited range of cases. Leukotriene receptor antagonists have
proved a useful addition to asthma therapy and have been
shown to have a modest steroid-sparing effect. Although the
existing range of alternative agents has not proved to be par-
ticularly effective, several new therapeutic agents have been
developed to target specific components of the inflammatory
process in asthma. These include IgE antibodies, cytokines,
chemokines, and vascular adhesion molecules. Future develop-
ments might include better forms of immunotherapy and
strategies targeting the remodeling of structural elements of
the airways. (J Allergy Clin Immunol 2001;108:3-10.)
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For many years, the treatment of asthma has depended
heavily on the use of glucocorticosteroids. These agents
were introduced into clinical practice in the 1940s and
proved extremely effective in controlling asthma in most
patients with the condition.1 However, long-term use of
oral steroids leads to significant and unacceptable side
effects, so oral corticosteroid (OCS) therapy has to be
restricted to those whose disease cannot be treated effec-
tively by any other means. The introduction of inhaled cor-
ticosteroids (ICSs) in 1970 was a major advance, allowing
many patients with relatively mild asthma to receive regu-
lar steroid therapy2; furthermore, the introduction of high-
dose inhaled corticosteroids in the early 1980s enabled

many patients who had previously needed OCS therapy to
discontinue their use of oral steroid preparations.3,4 Nev-
ertheless, there remains a hard core of patients who con-
tinue to need OCSs to control their symptoms.

Several different alternative agents have been tried over
the years, with varying degrees of success. With the arrival
of the leukotriene modifiers and the expected arrival of a
number of new therapies for asthma, it seems pertinent to
review the evidence for these alternative therapies.

Patients with severe asthma do not form a single homo-
geneous group. After many years of struggle to find a
workable definition, the concept is now emerging of “dif-
ficult-to-manage” asthma.5 Patients whose conditions are
considered difficult to manage include those who have
persistent symptoms despite maximum doses of standard
therapy, those who have sudden, unpredictable, or cata-
strophic deterioration (so-called brittle asthmatics), those
who have frequent exacerbations requiring OCS courses,
and those whose asthma is perfectly well controlled but
who are at high risk of side effects because they require
unacceptably high doses of ICSs or OCSs to control their
disease. In addition, there is a substantial group of
patients whose asthma is difficult to manage because of
their unreliable adherence to therapy or because they have
excessive concerns about the risks of medication (ie, con-
cerns over and above those of their medical advisers).

With respect to all of these groups, it is essential to
review patients carefully, taking care to confirm that they
truly have asthma and that their failure to improve is not
because they have other, coexistent medical problems.
Full lung function assessment is also helpful in estab-
lishing whether there is a fixed component to the airflow
obstruction or any evidence of emphysema. A careful
review of prior medication—in particular, a review of
side effects experienced with prior medication—might
reveal unexpected fears of drugs, problems of compli-
ance, or a lack of understanding about asthma.
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Once the diagnosis is firmly established and issues of
compliance with current therapy have been addressed,
there are a number of steroid-sparing strategies that can
be considered.

STEROID-SPARING STRATEGIES

Safer steroids

Much effort has gone into the search for safer inhaled
steroids. Whether these are truly necessary depends on
the view taken of whether current ICSs pose any real
risk. It is undoubtedly true that inhaled beclomethasone
is absorbed and has detectable systemic effects in terms
of reductions in short-term linear growth rates,6 but at
present it remains uncertain whether these effects have
any long-term adverse consequences for final height or
any other aspect of health.7 This is in stark contrast to the
evidence for the adverse effects of OCSs, which clearly
stunt growth and have significant effects on bone and
skin integrity.8 It is also well established that uncon-
trolled asthma has adverse effects on growth. Physicians
need to strike a balance between protecting their patients
from the theoretic risks of ICSs and managing the effects
of poor control of asthma. A detailed discussion of the
relative indications for the different ICS formulations lies
outside the scope of this review, but the introduction of
inhaled fluticasone and mometasone offers a chance to
achieve the same therapeutic effect that is achievable
through use of beclomethasone with considerably less
systemic bioavailability.9,10

Troleandomycin

Troleandomycin is a macrolide antibiotic that was for-
merly used quite widely in asthma exacerbations. In addi-
tion to its antibacterial action, troleandomycin inhibits the
hepatic metabolism of methyl prednisolone,11 and it now
seems likely that the beneficial effects result from this
mechanism. Claims that treatment with troleandomycin
allowed the use of smaller OCS doses have been investi-
gated in 2 clinical trials.12,13 The first of these used a
placebo-controlled crossover design and showed a greater
improvement in FEV1 and symptom control as well as a
reduced requirement for OCSs when troleandomycin was
added to the therapy.12 In contrast, the second study used
a parallel group design and found no difference in the
ability to withdraw OCS therapy over a 2-year period.13

However, there were significantly more steroid-related
side effects in the troleandomycin group, consistent with
the effect of troleandomycin on OCS metabolism. Thus
the benefit from this agent has not been established.

Antimetabolites 

Methotrexate (MTX) is a folic acid antagonist that
inhibits thymidine synthesis and thereby interferes with
DNA synthesis. MTX is mainly used in cancer
chemotherapy, but it can also be used in lower doses as
an anti-inflammatory agent for rheumatoid arthritis and
psoriasis. MTX has predictable side effects on bone mar-

row function, especially neutrophil production, but can
also cause nausea, anorexia, hair loss, liver dysfunction,
and fibrosis. In vitro studies have demonstrated increased
sensitivity of lymphocytes to the inhibitory effects of
GCS in patients with asthma after MTX treatment.14 In
1988, Mullarkey et al15 reported a significant reduction
in OCS dose with MTX, but the trial was both short and
small (13 subjects completed the study). More signifi-
cantly, no attempt was made to taper OCS dosage before
the trial. Subsequent studies have reported variable find-
ings,16-24 and there is no real consensus on the use of
MTX in asthma. A recent meta-analysis of 11 controlled
studies has indicated a definite steroid-sparing effect in
OCS-dependent patients with asthma.25 The effect was
seen to reduce prednisolone usage by an average of 4.73
mg/day. The greatest effect was seen in those patients in
whom baseline steroid usage was reduced, and for the
benefit to be seen, MTX use had to continue for 24
weeks. Conversely, a meta-analysis of 12 randomized,
double-blinded, placebo-controlled trials that included a
total of 250 patients showed that MTX allowed a modest
reduction of 3.3 mg/day in OCS dose in comparison with
placebo. This was at the expense of significantly more
complications.26 On balance, it is reasonable to conclude
that even in studies showing a benefit of MTX, the reduc-
tion allowed in daily OCS dose was insufficient to lead to
a substantial reduction in steroid side effects. The bene-
fits are thus outweighed by the potential problems asso-
ciated with MTX use.

The only other published trial of an antimetabolite in
asthma appeared in 1971; this was a trial of azathioprine,
which is incorporated into DNA and affects cell-mediated
immune responses. In a controlled trial of 2 doses of aza-
thioprine in asthma, 20 patients were treated for up to 4
weeks without any demonstrable benefit on lung function
or symptoms.27 As expected, patients receiving the high-
er dose of azathioprine had reduced neutrophil counts.
No further trials of azathioprine in asthma have been
reported in the past 30 years.

Cyclosporin A

Cyclosporin A (CyA) is a fungal metabolite that has
proved to be an extremely useful immunosuppressant
agent in the prevention of rejection after organ transplan-
tation. The principal action of CyA is to inhibit T-cell
activation and suppress the production of cytokines asso-
ciated with activation. CyA also has inhibitory effects on
a number of other kinds of cells, including mast cells,
monocytes, neutrophils, and basophils. CyA is associat-
ed with a number of unwanted sequelae, including hyper-
trichosis and adverse effects on renal function, which
mean that its use requires very careful monitoring. The
decision to test CyA in patients with steroid-dependent
asthma was based on the new appreciation of asthma as
a T-cell–driven disorder. CyA both blocks the late asth-
matic reaction and inhibits eosinophil-associated cyto-
kines after allergen challenge.28,29

Trials have addressed both the efficacy and the steroid-
sparing properties of CyA. Unfortunately, all controlled



J ALLERGY CLIN IMMUNOL

VOLUME 108, NUMBER 1

Frew and Plummeridge 5

trials have been both short-term and small. Alexander et
al30 conducted a placebo-controlled crossover study to
assess efficacy. The 12-week trial was not designed to
assess any steroid-sparing effect, but it showed that CyA
treatment led to an improvement in FEV1 and peak flow
rates as well as a reduction in exacerbations requiring
extra OCS. However, there was no detectable change in
bronchodilator use or symptoms. Lock et al31 examined
the steroid-sparing effect of CyA in 39 patients and found
that a significant (25%) reduction in OCS dose was pos-
sible in the CyA-treated group. Comparisons were made
between the lowest steroid dose on CyA and placebo dur-
ing the treatment period. Significant improvement was
also seen in morning peak expiratory flow rate but not in
FEV1, forced vital capacity, or symptom scores. It should
be noted that the actual reduction in daily steroid dose in
the CyA-treated patients does not appear to have been
clinically significant.

Nizankowska et al32 conducted a trial of CyA in a
group of 34 steroid-dependent patients and reported no
significant differences in either lung function or steroid-
sparing effect in the CyA-treated group. A number of
case reports and open studies of CyA have been report-
ed, but there have been no other randomized trials of the
use of CyA in asthma. Although other methods of admin-
istration of CyA look promising, at present there appears
to be insufficient evidence of benefit to recommend its
use, especially given the potential severity of side effects.

Leukotriene receptor antagonists

The introduction of leukotriene receptor antagonists
(LTRAs) was the first truly new therapy for asthma in
nearly 30 years. The bulk of patients treated with LTRAs
have had mild to moderate asthma, but in a significant
proportion of them the disease has been imperfectly con-
trolled on their previous ICS therapies. LTRAs have
proved effective when added to low- and high-dose
ICSs33,34 and have been shown to have an ICS-sparing
effect.35-37 In a study comparing montelukast 10 mg/day
with placebo, patients were assisted in reducing their ICS
dosage to the minimum required before starting the trial
drug. Once on the trial drug, those in the active group
were able to reduce their mean ICS dose from 976 to 526
µg/day (a 46.1% average reduction); in contrast, those in
the placebo group were able to reduce their mean ICS
dose from 1079 to 727 µg/day (a 30% average reduc-
tion). In a second study, which compared zafirlukast 20
mg bd with placebo, the dose of inhaled corticosteroids
was stepped down progressively over 6 weeks according
to a predetermined schedule and adjusted according to
symptoms thereafter; the mean morning peak flow was
maintained above the baseline level throughout a 20-
week period.36 The final dose of inhaled corticosteroids
was 30% of the baseline dosage, demonstrating that the
addition of an LTRA allows the reduction of inhaled
steroid dosages while maintaining asthma control over at
least 4 months. The placebo group achieved a similar
reduction in ICS dosage, but their mean peak flow rate
remained 10 to 15 L/min lower than that of the LTRA

group throughout, and the final lung function measure-
ments were significantly below the baseline. As in other
zafirlukast/placebo trials, the improvements in lung func-
tion were seen within 1 week of the beginning of therapy
and were maintained throughout the course of the trial.36

In a third trial, pranlukast 50 mg bd or placebo was given
to patients who were receiving at least 1500 µg/day of
beclomethasone. The ICS dose was then halved. Those
on pranlukast tolerated this reduction in ICS without any
fall in lung function or increase in daytime or nocturnal
asthma symptoms over a 6-week period, whereas the
placebo group showed a substantial reduction in lung
function that was accompanied by an increase in asthma
symptoms and in the use of β2-agonists.37 These studies
encouraged physicians to use LTRAs in patients with
more severe asthma who were receiving OCSs. Formal
clinical trials assessing the ability of LTRAs to facilitate
reduction of OCS dosages have not been reported; how-
ever, in clinical practice LTRAs have been used to cover
withdrawal or reduction of oral steroids, and some for-
mal trials would be welcome.

One unexpected hazard of introducing steroid-sparing
therapy in patients on OCS is revealed by the fact that a
small number of individuals have been found to have pre-
viously undiagnosed Churg-Strauss syndrome after the
reduction in steroid dose that was achieved once they had
begun therapy with zafirlukast.38 Thus far, a case-by-case
analysis of these episodes suggests that these were cases of
previously undiagnosed Churg-Strauss syndrome rather
than true drug-induced Churg-Strauss syndrome. In other
words, it seems that the Churg-Strauss syndrome respond-
ed to the initial treatment with OCSs and then relapsed
when the addition of LTRA allowed the OCS dose to be
decreased. Further vigilance is required, however.

Gold

Gold is used in the treatment of aggressive forms of
rheumatoid arthritis, and though the immunopathologic
character of asthma and that of rheumatoid arthritis are
quite different, it is known that gold can inhibit some of
the processes implicated in asthma, including IgE-
dependent histamine release and neutrophil chemotaxis.
The side effects of gold therapy, which have been
described principally in patients with rheumatoid arthritis,
include neutropenia, thrombocytopenia, nephropathies,
rashes, and gastrointestinal upset. Three controlled trials
of gold therapy have been published; oral gold was used
in 2 of them39,40 and an injectable preparation in the other,
which was a small study.41 All 3 studies found a reduction
in OCS requirements. In the largest study,40 136 patients
received active therapy, and by the end of the 28-week
trial, 56 (41.2%) of these were able to reduce their OCS
dose by at least 50% of the starting dose; this compared
with 37 (26.6%) of the 139 patients who received place-
bo. When the patients were assessed on an intention-to-
treat basis, the figures were 55.9% and 32.4%, respec-
tively. There was no difference in objective measures of
lung function, but the gold-treated group showed a much
more marked improvement in patients’ subjective assess-
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ments, presumably reflecting the reduction in OCS
dosage. The gold-treated group also showed a reduction
in total serum IgE concentrations.

OTHER AGENTS WITH ANTI-INFLAMMATORY

ACTIVITY

Several other agents with anti-inflammatory activity
have been tried in severe chronic asthma. These include
dapsone, colchicine, and chloroquine, all of which have
been used in various rheumatologic conditions. Dapsone
inhibits neutrophil activity, has antibacterial activity, and
is useful in leprosy; it was used to treat severe chronic
asthma in 1 small open trial.42 Although the dapsone
allowed a reduction in OCS dose, side effects were unac-
ceptable. Colchicine was at one time a very useful agent
for treating hyperuricemic gout, and it has been evaluat-
ed in asthma. An open study suggested that colchicine
was useful,43 but a more recent study found no benefit
with regard to ICS requirements.44 Like dapsone,
colchicine caused a high level of side effects. Chloro-
quine is an antimalarial agent that has disease-modifying
properties in rheumatoid arthritis. Chloroquine inhibits
phospholipase A2 and reduces the release of histamine
and leukotrienes. In an early controlled trial, chloroquine
was ineffective in asthma.45 After further open studies
that reported improved symptom scores and lung func-
tion when hydroxychloroquine was given for more than
6 months to patients on moderate ICS doses, a placebo-
controlled study confirmed a beneficial effect of hydroxy-
chloroquine on airflow and serum IgE levels.46 Intra-
venous immunoglobulin was reported to induce a
reduction in symptoms and OCS requirements in 2 open
studies in children with chronic steroid-dependent asth-
ma,47,48 but subsequent double-blinded, controlled stud-
ies have provided conflicting results.49,50 Some insight
has been obtained into the possible mechanisms of action
of intravenous immunoglobulin in asthma with evidence
of reduced lymphocyte infiltration in the airways and
altered lymphocyte responsiveness to steroids.51,52

THE FUTURE OF ALTERNATIVE AGENTS

Although the existing range of alternative agents has not
proved particularly effective, there are a number of new
therapeutic agents coming through the pipeline that will
offer entirely new approaches to the treatment of asthma.

Most of these have been developed to target specific
components of the inflammatory process that has been
demonstrated in the airways of all patients with asthma.
These include IgE antibodies, the cytokines involved in IgE
production (IL-4 and IL-13) or in eosinophilia (IL-5), and
various components of the cellular recruitment process,
such as vascular adhesion molecules and chemokines.

Anti-IgE

The role of IgE in the etiology of asthma remains
surprisingly controversial. It is well established that IgE
sensitizes mast cells and that on exposure to common

inhaled allergens (or food allergens) IgE molecules are
cross-linked, leading to the release of inflammatory
mediators. High-affinity IgE receptors are present on
mast cells and basophils, and quite recently it has been
shown that there are also high-affinity IgE receptors on
eosinophils and antigen-presenting cells. The low-affin-
ity IgE receptor (CD23) is present on monocytes,
macrophages, and B cells and might play an important
role in triggering IgE production. In vitro work with
anti-IgE has shown that IgE itself can regulate the IgE
receptor, so in addition to its traditional role in trigger-
ing mast cell mediator release, IgE also plays a part in
antigen presentation and in focusing the development of
T cells and B cells.

The role of allergy in the causation of asthma is still a
matter of some controversy. There is no doubt that being
atopic is a risk factor for the development of asthma in
childhood, but in adults, there is a clearly discernible pat-
tern of nonallergic asthma that typically starts in the
fourth or fifth decade with a normal total IgE level and no
evidence of specific sensitization. It seems likely that the
importance of allergy in asthma wanes as patients get
older. Some individuals with asthma become increasing-
ly unresponsive to bronchodilators as they get older, and
these people seem to be less responsive to allergic trig-
gers as well. Nevertheless, there is a minority who do not
lose their allergy and remain quite sensitive to allergic
triggers throughout their lives.

Treatment with humanized monoclonal anti-IgE anti-
bodies is extremely effective in reducing the serum con-
centration of free IgE (Fig 1). Anti-IgE also reduces
responses to inhaled allergen.53,54 A limited amount of
published data is available on the use of anti-IgE in clin-
ical asthma. This suggests that patients who are depen-
dent on high-dose inhaled corticosteroids or OCSs can
substantially reduce their steroid doses once they have
been stabilized on anti-IgE.55 The fact that many patients
who received placebo injections in this study were also
able to reduce their steroid doses does not detract from
the overall message that anti-IgE might prove a useful
steroid-sparing therapy.

Cytokines

Several cytokines have been implicated in the regula-
tion of asthma. IL-5 is a potential target for immunother-
apeutic intervention because it is intimately involved in
the development, recruitment, and activation of eosino-
phils. This has been shown in human nasal biopsy stud-
ies,56 human inhalation studies,57 and animal models. In
animal models, anti–IL-5 antibodies have proved capable
of blocking the development of airways eosinophilia and
the increased bronchial hyperresponsiveness that accom-
panies allergen exposure.58,59 Interestingly, in a mouse
model, anti-IL-5 prevented airway inflammation and air-
way hyperresponsiveness whereas anti-IgE was ineffec-
tive.60 Clinical trials of an anti-IL-5 monoclonal antibody
were able to reduce the eosinophilic response to allergen
inhalation but had little effect on the functional response
(ie, bronchospasm was not affected).61
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The cytokine IL-4 is also implicated in asthma through
its effects on IgE class switching and other effects, most
notably adhesion molecule expression by endothelial cells.
Inhalation of recombinant IL-4 induces increases in spu-
tum eosinophilia and nonspecific bronchial responsive-
ness.62 However, in animal models, strategies directed
against IL-4 have not been as effective as those directed
against IL-5. Although IL-4 is clearly proinflammatory, it
has recently been shown in mice that the development of
eosinophilic airway inflammation and airway hyperre-
sponsiveness can be independent of B lymphocytes and
IgE.63 An alternative approach is to use soluble IL-4 recep-
tor (sIL-4R) molecules to interrupt the biological actions
of IL-4 (Fig 2). sIL-4R inhibits mucus production and
eosinophil recruitment in animal models and has had ben-
eficial effects on lung function in short-term clinical stud-
ies. This approach has now been tried in the field and
shows considerable promise in clinical asthma.64

On the basis of its antagonism to IL-4 in the regulation
of B cells, it has been suggested that IFN-γ might be
effective against allergic inflammation. However, when
parenteral IFN-γ was given to patients with steroid-
dependent asthma, there was no benefit in terms of lung
function or oral steroid requirements, though blood
eosinophil numbers did reduce after treatment.65 Other
potential cytokine targets include the pro-TH1 cytokine
IL-12, which attenuates airway eosinophilia in animal
models,66,67 and the pro-TH2 cytokine IL-10, which is
released in experimental human asthma.68

Adhesion molecules

Strategies directed against adhesion molecules have
also been considered, though there are some concerns
that it might prove difficult to find targets that are not
also involved in aspects of antigen presentation and
recognition which are critical for normal host defense. In

a primate model of asthma, anti–intercellular cell adhe-
sion molecule-1 blocked the development of airway
eosinophilia and the increase in bronchial responsiveness
that usually follows allergen challenge,69 but this effect
was most clear-cut when the animal had been sensitized
by multiple allergen inhalations but the airways were not
inflamed at the time of challenge. In contrast, anti–E-
selectin was more effective when a single challenge was
given to an airway that was already inflamed.70 Adhesion
molecule antagonists that can be used in humans have
not yet reached clinical trials.

FIG 1. Recombinant monoclonal allergen stimulates B cells to synthesize and release IgE, which binds to
receptors on mast cells. Exposure of these sensitized mast cells to allergen causes release of inflammato-
ry mediators. Monoclonal anti-IgE binds free IgE, preventing mast cell sensitization.

FIG 2. Recombinant human IL-4 receptor sIL-4R interacts with free
IL-4, preventing its binding to the 2 IL-4 cell surface receptors.
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Chemokines

The recent discovery of soluble chemoattractant pro-
teins (chemokines) has provided a molecular basis for
many of the phenomena that have been described in the
chemotaxis and cell-activation literature. Chemokines are
much less specific than cytokines in terms of their recep-
tor binding, and several chemokines can bind to 1 recep-
tor type whereas each individual cytokine can bind to
more than 1 receptor.71 The development of antagonists to
chemokine receptors offers another strategy for prevent-
ing the recruitment and activation of inflammatory cells,
but again the issue of selectivity is crucial. Modified
chemokines have been synthesized; these include Met-
RANTES and AOP-RANTES.72 In animal models, neu-
tralization of RANTES decreases lymphocyte and
eosinophil infiltration, whereas neutralizing monocyte
chemoattractant protein 1 dramatically reduces bronchial
hyperresponsiveness and inflammation. In contrast,
blocking monocyte chemoattractant protein 5 abolishes
bronchial hyperresponsiveness not by any effect on accu-
mulation of leukocytes in the airways but through an
effect on eosinophil trafficking.72 Other chemokine
antagonists are stimulated by viral infections, such as
vMIP-II.73 These might represent viral strategies to avoid
the human inflammatory response. Within model sys-
tems, it has been possible to test the receptor specificity of
the RANTES variants, and it turns out that AOP-
RANTES acts as an inhibitor via CCR5 but as an agonist
via CCR3. This means that AOP-RANTES inhibits the
effects of RANTES on T cells but mimics the effects of
RANTES on eosinophils. If appropriate selective antago-
nists can be developed, it should eventually be possible to
achieve selective blockade of cellular recruitment.

Immunotherapy

When a single antigen such as house dust mite or cat
dander has been implicated in the triggering of asthmatic
attacks, it might be possible to modulate the individual’s
response to that antigen by specific allergen immunother-
apy. Allergen extracts and treatment regimens have been
substantially improved in the last 15 years, and though
doubts have been cast on the validity of this form of ther-
apy,74 it remains viable as a treatment for those patients
whose asthma is driven by allergic triggers.75,76

Other forms of vaccination are also being considered as
strategies for asthma. From epidemiologic and experimen-
tal studies, we know that vaccination with mycobacteria
has antiallergic properties. In Japan, early vaccination with
BCG was associated with a substantial reduction in the
risk of developing allergy,77 though similar associations
were not evident in Sweden.78 In the laboratory it has been
shown that administration of BCG before or during sensi-
tization to ovalbumin reduces the degree of airway
eosinophilia that follows subsequent challenge with oval-
bumin. This effect is not mediated through any direct
effect on IgE production or blood eosinophil numbers;
instead, it is mediated through IFN-γ and can be reversed
by exogenous IL-5.79

Two new approaches using DNA vaccines are now
undergoing serious consideration. The first of these is a
general approach to allergy involving the use of CpG
oligodeoxynucleotides (ODNs). This technology is
essentially a refinement of the old vaccination adjuvant
technique, inasmuch as CpG ODNs have been shown to
be the principal activity from Freund’s Complete Adju-
vant. Preadministration of CpG ODNs prevented both
airway eosinophilia and bronchial hyperresponsiveness
in a mouse model of asthma.80 Moreover, these effects
were sustained for at least 6 weeks after CpG ODN
administration.81 A contrasting approach is to use aller-
gen-specific naked DNA sequences as vaccines. This is
still in its infancy, but preliminary data suggest that giv-
ing naked DNA leads to production of allergens from
within the airways’ epithelial cells. Because of the differ-
ent handling pathways for endogenous and exogenous
allergens, it seems that the endogenously produced aller-
gen elicits a TH1-type response; it is hoped that if this can
be reproduced in an allergic individual, it might over-
come the existing TH2–pattern response and eliminate
the allergy. However, the potential for generating a pow-
erful TH1-type response to ubiquitous agents means that
this approach will need careful evaluation in animal
models before it can be pursued in human beings.

Finally, it is important to remember that it is the interac-
tion of the inflammatory cells with the fixed elements of
the airways that produces the substrate in which the exces-
sive bronchospasm occurs. Historically, there has been a
tendency to regard the epithelium, tissue matrix, and
smooth muscle as victims of an uncontrolled allergic
process mediated by mast cells and infiltrating leukocytes.
Evidence is now emerging that the structural elements of
the airway might play an important role in the development
of the airway inflammation, either by producing chemotac-
tic cytokines such as IL-8 or by releasing growth factors
that lead to the deposition of collagen in the airway, remod-
eling of the tissue matrix, and impaired relaxation of the
airways.82 Future work to improve the treatment of thera-
py-resistant asthma should include strategies to address
these aspects of the pathobiology of asthma and the factors
that determine the persistence of the asthma process.
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