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Chronic disorders of the gastrointestinal tract such as
food allergies, inflammatory bowel disease (IBD), and
irritable bowel syndrome (IBS) continue to impose con-
siderable personal and social burdens worldwide. How-
ever, a detailed understanding of what causes the symp-
toms associated with these disorders is lacking. These
diseases appear to share an exaggerated inflammatory
response to an otherwise benign external stimulus, or one
against which tolerance should have been developed.1

The mechanisms through which “initial sensitization” oc-
curs may shed new light on the pathophysiology of a
variety of chronic gastrointestinal disorders and pave the
way toward therapeutic strategies for patients with aller-
gic disorders.

The role of external factors, such as psychological
stress, in triggering inflammatory reactions has become a
topic of intense research activity. Stress may trigger al-
lergic reactions in the gut and other organs, and depres-
sion or anxiety may worsen symptoms in inflammatory
disorders of the intestine.2–4 The cascade of biological
events leading to stress-induced enteropathy remains
poorly understood. One of the many challenging tasks of
the gastrointestinal tract is to mount an aggressive re-
sponse against enteric microbes while maintaining toler-
ance to food antigens and commensal bacteria. Ho-
meostasis of intestinal epithelial barrier function
represents a critical determinant of this ability.1 In an
elegant series of experiments presented in this issue of
The American Journal of Pathology, Yang and colleagues
demonstrate that, in a genetically susceptible host, stress
contributes to the development of food allergies by in-
creasing transepithelial permeability in a corticotropin-
releasing hormone (CRH)-dependent fashion.5 Their re-
port offers convincing data to support their earlier
groundbreaking observations that stress may alter epi-
thelial function. Using a model of water-avoidance-stress
in rats, the authors observed that during chronic stress
intestinal antigen uptake is increased, which in turn sen-
sitizes the host to mast cell-induced enteropathy on sec-
ondary exposure to the same antigen. Treatment with a

CRH antagonist prevented the increased antigen uptake
and the subsequent anaphylactic response of the
intestine.

The mechanisms responsible for the CRH-induced
augmentation of epithelial permeability warrant further
investigation. It has been known for some time that the
paracellular permeability offered by tight junctions can
be altered in response to physiological and pathological
stimuli.6–8 In recent years, it has been established that
paracellular permeability of the gastrointestinal epithe-
lium may be increased by dephosphorylation or degra-
dation of transmembrane tight junctional proteins.9 In
addition, phosphorylation of myosin light chain by myosin
light chain kinase (MLCK) or by Rho kinases may also
physiologically regulate paracellular permeability by
placing tension on the tight junctional complexes.10 An
ever-increasing number of reports suggest that gastroin-
testinal pathogens may cause disease, at least in part, by
increasing transepithelial permeability. For example, Hel-
icobacter pylori has the ability to increase the passage of
food antigens across the gastric epithelium,11 and infec-
tion with this gastric pathogen may be associated with
the development of food allergies.12 In view of the find-
ings by Yang and colleagues,5 investigations now must
address how stress, and CRH in particular, affects tight
junctional protein structure and function. As inhibition of
MLCK has been found to inhibit the tight junctional dis-
ruptions induced by microbes or pro-inflammatory medi-
ators,13 such studies may provide fertile ground from
which to develop a new class of therapeutic agents tar-
geting the loss of gastrointestinal barrier function.

The findings of Yang and colleagues that stress may
contribute to food allergies by increasing transepithelial
permeability bears particular interest in view of the pro-
tective role played by endogenous bacteria in modulat-
ing the development of allergies.5 Several studies have
established an association between normal gut flora and
the development of allergies. Children with allergies are
more likely to harbor aerobic bacteria and less likely to be
colonized with lactobacilli, when compared to nonallergic
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children.14 A recent study found that children delivered
by cesarean section were at particularly high risk of de-
veloping food allergies.15 Together with other observa-
tions, this supports a role for vaginal birth in helping to
establish normal gut flora. Finally, in keeping with the
“hygiene hypothesis,” early colonization with bifidobac-
teria seems to protect against allergies,16 and adminis-
tration of probiotic bacteria after birth significantly re-
duces the development of allergies in the lungs as well as
in the gut.17,18 Previous observations by the same group
of investigators found that chronic psychological stress
induced mast cell-dependent bacterial attachment to the
epithelium and increased bacterial translocation.19 The
present findings by Yang and colleagues5 underscore
the need for more research into how inadequate re-
sponses to bacteria that favor the development of allergy
may be modulated by stress.

Not surprisingly, Yang and colleagues found that
stress-induced intestinal-antigen uptake implicated mast
cells in the intestinal pathology subsequent to secondary
challenge. In their earlier studies, the authors had already
established that peripheral administration of CRH alone
could mimic the effects of chronic stress on transepithe-
lial macromolecular transport and that a specific CRH
antagonist may abolish these effects.20 A recent report
has now provided the first evidence that mast cells ex-
press CRH receptors.21 On binding to CRH, mast cells
secrete vascular endothelial growth factor (VEGF), but
not tryptase, histamine or any of its typical pro-inflamma-
tory cytokines. This response appears to be mediated, at
least in part, by adenylate cyclase and cAMP.21 The
authors postulate that this mechanism may be implicated
in the stress-induced worsening of arthritis or psoriasis.
Together with these observations, the findings of Yang
and colleagues5 now question whether this pathway may
also be involved in stress-induced worsening of chronic
inflammatory disorders of the gut, including food allergy.

Activation of epithelial apoptosis by pro-inflammatory
TNF� or Fas ligand, by pathogenic microbes, or by pro-
teinase-activated receptor pathways may be responsible
for loss of epithelial barrier function.22–25 Other findings
indicate that lactobacilli may maintain the survival of ep-
ithelial cells by activating the anti-apoptotic Akt-protein
kinase pathway and by blocking pro-apoptotic p38 MAP
kinase signals.26 The enteric flora also activates the cy-
toprotective proteins hsp25 and hsp72.27 Research must
examine how stress and its mediators may regulate epi-
thelial programed cell death. Yang and colleagues have
paved the way for novel studies into the signal transduc-
tion pathways responsible for stress-induced loss of in-
testinal barrier function and the subsequent development
of food allergies.5

It remains to be determined if psychological factors are
primary causes of food allergies, amplifiers of clinical
symptoms, or both. The findings by Yang and col-
leagues5 illustrate a new CRH-dependent mechanism
through which stress may contribute to either one of
these pathways. Additional basic and clinical research is
warranted to identify the cellular and molecular cascades
leading to such responses and how these mechanisms
may apply to humans. The current study represents a

significant step toward these goals. In recent years, a
number of studies have demonstrated the important role
played by T regulatory cells in generating oral tolerance
to food antigens.28 Whether or not stress affects the
adequate development of this process, or that of antigen
presentation by dendritic cells, represent other important
topics for future investigation. The results in this issue
have offered gastroenterologists yet another important
conceptual contribution to encourage reevaluation of our
current treatment strategies for patients at risk of devel-
oping food allergies.
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