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erbations of asthma in children  [4] , but inferences as to 
the mechanisms involved is not possible from these stud-
ies. Although it is almost 20 years since a National Heart, 
Lung and Blood Institute Workshop suggested that more 
work is needed in this area and put forth issues needing 
to be studied  [5] , we still have a poor understanding of 
these interactions. Identification of the exact mechanisms 
linking psychological stress to asthma development and/
or exacerbations requires better and more comprehen-
sive animal models. One such model, building on previ-
ous knowledge regarding the interactions between stress 
and asthma appeared in a recent issue of  International 
Archives of Allergy and Immunology   [6] .

  The authors of this article used a mouse model of ov-
albumin-induced allergic airway inflammation in asso-
ciation with restraint and forced-swim stress. They 
showed that repeated stress caused consistent increases 
in corticosterone levels throughout the 7 days of the tri-
al. Ovalbumin challenge of these animals was found to 
cause an increase in corticosterone levels that was not 
affected by previous stress encounters. In the mice chal-
lenged with ovalbumin, stress increased the accumula-
tion of total cells, eosinophils and lymphocytes in the 
airways, total PAS-positive cells in the airways and total 
eosinophils and levels of IL-13 in the lung, in compari-

 At the end of the 19th century, the medical textbook of 
Sir William Osler  [1]  referred to asthma as ‘a neurotic af-
fection’. For a long time before this and decades after-
wards, asthma was considered primarily as a psychogen-
ic disease and psychological factors were considered to be 
important for symptoms to manifest. When it became 
evident that there is an inflammatory basis for asthma, 
the interest in the psychological issues related to the dis-
ease dissipated. As so often happens in science, our un-
derstanding then went full circle, and we soon realized 
that mind-body interactions do indeed affect many in-
flammatory processes directly, thereby contributing sig-
nificantly to the pathogenesis of inflammatory disease. 
Mind-body interactions can affect health via a variety of 
physiological mechanisms, but these interactions are of-
ten difficult to define and even more difficult to study in 
reproducible disease models.

  In humans, there is evidence for a direct link between 
mental state/health and asthma, but it is difficult to estab-
lish a causal relationship. Many of the relevant studies 
have been recently reviewed  [2, 3] . Human studies can 
generate strong data on associations between mental state 
or stress and asthma, but more direct evidence of causal 
interactions is difficult to obtain. Acute stress, for exam-
ple, has been linked to both immediate and delayed exac-
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son to nonstressed mice. This difference between stressed 
and nonstressed mice was prevented when the mice were 
pretreated with RU-486, a glucocorticoid receptor (GR) 
antagonist; RU-486 had no effect on any of these mark-
ers in the nonstressed animals. Stress also increased air-
way hyperresponsiveness in the mice challenged with 
ovalbumin compared to the nonstressed mice, but RU-
486 showed only a trend towards reducing airway hyper-
responsiveness. A glucocorticoid synthesis inhibitor had 
similar effects with RU-486. These effects were not the 
result of hyporesponsiveness or an altered responsive-
ness of stressed mice to glucocorticoids; dexamethasone 
was able to inhibit inflammation in all the groups of 
mice, whether they had been stressed beforehand or not. 
A previous study on stress and asthma showed that so-
cial disruption stress induces a decreased responsiveness 
of spleen cells to corticosteroids and at the same time 
decreased GR expression in the lungs  [7] . The study by 
Okuyama et al.  [6]  used a more crude method of identi-
fying responsiveness to glucocorticoids which may not 
have been as sensitive for detecting a minor decrease in 
responsiveness. The model used was similar to that of 
the study by Forsythe et al.  [8] ; the results differ, how-
ever, in that the current study suggests that endogenous 
glucocorticoids released as a result of stressful stimuli 
are responsible for the exacerbation of inflammation but 
may also play a role in the exacerbation of airway hyper-
responsiveness. This result is contrary to the anti-in-
flammatory effects of glucocorticoids that are to be ex-
pected. The previous study showed that RU-486 had no 
effect on stress-induced exacerbation of inflammation 
 [8] .

  The conclusion of the study by Okuyama et al.  [6]  re-
garding the proinflammatory effects of glucocorticoids 
may have been quite unexpected in the asthma field, but 
over the last few years, evidence is accumulating that glu-
cocorticoids may mediate proinflammatory effects in 
other inflammatory models, especially models of CNS in-
flammation. Administration of LPS to animals that have 
received exogenous glucocorticoids leads to greater in-
flammatory injury of the liver and CNS compared to an-
imals that have not received glucocorticoids  [9] . Gluco-
corticoid-induced enhancement of acute CNS injury and 
inflammation depends on GR expression in myeloid cells, 
while the presence of GR on the endothelium may also 
participate by affecting endothelial permeability and fa-
cilitating the accumulation of inflammatory cells in pe-
ripheral tissues  [10] . Follow-up studies would be required 
in order to identify the cell(s) responsible for the proin-
flammatory effects of stress-induced glucocorticoids in 

asthma and to understand the mechanism of these inter-
actions.

  Many studies have attempted to explain the proin-
flammatory effects of glucocorticoids in other systems. 
The glucocorticoid concentration is an important factor 
in determining whether the glucocorticoids will have 
suppressive or permissive effects on macrophages  [11] . 
Glucocorticoids induce a rapid and sustained increase of 
NLRP3 inflammasome in macrophages  [12] , which leads 
to the increased production of inflammatory mediators 
in response to ATP. Glucocorticoids have a synergistic 
effect with TNF in the induction of proinflammatory 
genes from airway epithelia cells  [13] , and they can in-
crease the proinflammatory effects of IL-6  [14] . The co-
activation of GR and NF-κB leads to interactions with 
genes so that these transcription factors cannot interact 
individually  [15] . In general, the coactivation of GR with 
various proinflammatory transcription factors can in-
crease the targets of these factors and lead to proinflam-
matory effects (reviewed in  [16] ). These effects may allow 
glucocorticoids to enhance the immune response to dan-
ger signals and may be a mechanism for increasing im-
mune protection during the fight-or-flight response. 
However, in certain chronic diseases, this synergistic ef-
fect may lead to detrimental outcomes. A number of 
pathways could therefore explain the glucocorticoid-in-
duced exacerbation of inflammation observed in asthma 
in this latest study, and further study is needed to clarify 
these interactions.

  It was also very interesting that the increase in airway 
inflammation in the stressed mice challenged with oval-
bumin versus the nonstressed mice challenged with oval-
bumin was evident only in the females  [6] . A similar ob-
servation was made in a model of experimental autoim-
mune encephalomyelitis  [17] . Female mice have higher 
baseline levels of corticosteroids in the blood and are less 
susceptible to experimental autoimmune encephalomy-
elitis; however, when chronically stressed, they exhibit a 
higher susceptibility which is dependent on GR signaling. 
The stressed female mice had a lower corticosterone re-
sponse to disease onset than the nonstressed mice, but 
this was not the same in the males. This early decrease in 
corticosteroid response in the females may have account-
ed for their increased susceptibility to disease. A similar 
mechanism may be active in the case of stress and asthma, 
but this was not investigated in the study by Okuyama et 
al.  [6] . The sex of the animals used may also explain, at 
least in part, the difference in the results between their 
study and that of Forsythe et al.  [8] .
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  This most recent study also underscores some limita-
tions of mouse studies. Many published studies have been 
well-designed and executed, but each describes only a 
small part of the problem and the methods used are often 
so different that direct comparisons cannot be made. The 
models they use are usually limited to animals of a certain 
genetic background, age and sex; this means the results 
are not generalizable. Not using mice of both sexes or not 
including mice with various genetic backgrounds means 
we may overlook certain mechanisms and pathways that 
could improve our understanding of the diseases studied. 
Performing clinical studies without including varied pop-
ulations and both sexes creates a similar problem, and if 
the sex is indeed so important, what else are we missing 
when we design our animal models? Recently, the micro-
biome was shown to be important for the development of 
certain immune responses  [18] . With this in mind, to 
what extent does the microbiome affect the interactions 
between psychological stress and asthma? We could gen-

erate similar questions about many other processes that 
affect lung inflammation, and then more studies are go-
ing to be needed.

  The findings presented can generate new interest in 
the area of animal models for understanding the interac-
tions between psychological stress and asthma. If endog-
enous glucocorticoids are linked to increased inflamma-
tion following stress, are they also mediating inflamma-
tion in other conditions? Are they the marker for some 
other change that occurs as a result of the stress, and if so, 
why do inhibitors prevent this effect? How can we solve 
these problems and advance our understanding of aller-
gic diseases and the effects of psychological factors? A 
good start would be to have studies on models of asthma 
that are better-designed and more comprehensive, with 
many different parameters being observed and investi-
gated simultaneously. Systematic comparisons of the dif-
ferent strains, routes of sensitization, sexes and environ-
mental factors may supply the missing answers.
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