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Food allergy is one of the serious public health problems and its incidence is increasing in
children. The intestinal tract is considered to be a barrier to food allergens in cases of food
allergy, thus increased intestinal permeability is thought to be associated with the
pathogenesis of food allergy. The increase in intestinal permeability altered by internal and
external environmental stimuli allows the regulations of microbiota and immune system
dysfunctions. However, the mechanisms underlying the relationship between intestinal
epithelial barrier function and regulation of gut microbiota in the context of food allergy have
not been precisely clarified. The aim of the present study was to explore the mechanism
responsible for changes in the morphology and function of the intestinal barrier using a juvenile
rat model of food allergy, focusing on the contribution of intestinal microbiota and the effects
of probiotics (C. butyricum, L. reuteri, and B. breve) and antibiotics.

2 BrFEGIE

Juvenile rats were divided into an ovalbumin (OVA) sensitization group and a control group,
and both were subdivided into those receiving added antibiotics or probiotics (C. butyricum, L.
reuteri and B. breve). The serum OVA-IgE levels were determined, and histopathological
features were studied using electron microscopy and immunofluorescence staining with
antibodies against tight junction (TJ)-associated proteins. Intestinal permeability was assessed
using a lactulose/mannitol assay Kit, and expression of mMRNAs for TJ molecules was analyzed
by real-time PCR. Gut microbiota in feces was analyzed on the basis of 16S rRNA
metagenomics sequences.

3 BrIERR
OVA-IgE levels and intestinal permeability were significantly increased in the sensitized rats



relative to the controls. Although the gut mucosae were inflamed in the sensitized groups, those
in rats that had received probiotics were only mildly affected. Expression of mRNAs for TJ
molecules was down-regulated in rats given OVA with antibiotics, but not in those given
probiotics. Immunofluorescence staining of TJ proteins was decreased in the OVA groups. TJs
in rats treated with OVVA and antibiotics were disrupted, but those in rats administered probiotics
were not damaged. Clostridiaceae were increased in all the probiotics groups relative to the
OVA-sensitized group.

4 BE

In the present study using juvenile rats with food allergy as a model, we found that not only
antigen (OVA) sensitization but also antibiotic treatment induced leaky gut, causing allergen
absorption and food allergy, presumably through significant expression of key TJ proteins.
Moreover, administration of probiotics prevented this increase in intestinal permeability,
presumably through an increase in Clostridiaceae and also a significant influence on the
expression of TJ proteins. The results of our lactulose/mannitol assay showed that intestinal
permeability was increased after OVA sensitization, and this was further confirmed by electron
microscopy (shortened and widened intercellular TJs of intestinal villus epithelial cells). These
changes in OVA-sensitized rats were not prevented by administration of antibiotics but were
prevented by treatment with probiotics, as further confirmed by electron microscopy. These
findings are in line with a previous report indicating that TJ and adherens junction
microstructure is markedly disrupted and widened after OVA sensitization and treatment with
antibiotics. TJ proteins play a pivotal role in the regulation of intestinal permeability and barrier
function. Our real-time PCR study showed that OVA down-regulated the expression of ZO-1,
occludin, and claudin-8, -9, and -15. These findings are in line with a previous similar study of
OVA-sensitized rats, which demonstrated significant down-regulation of the TJ-mediating
proteins ZO-1, and claudin -8 and -15. These results suggest that OVA induces damage to the
intestinal barrier, and that TJ permeability is related to the expression and regulation of these
proteins. On the other hand, treatment with C. butyricum and B. breve up-regulated the
expression of both occludin and claudin-15. The microbiota of OVA-sensitized rats was
significantly more diverse than that of each of the probiotic treatment groups. Clostridiaceae

were also significantly enriched by treatment with C. butyricum, L. reuteri, and B. breve. C.



butyricum can produce butyrate, which is one of the SCFAs and the main energy source for
enterocyte regeneration. We found that OVA sensitization alone changed the composition of gut
microbiota in comparison to controls, in terms of the relative abundance of bacterial phyla. This
is considered to indicate that the gut mucosal immune system can affect the composition of gut
commensal bacteria. In other words, there is a bidirectional interaction between gut microbiota

formation and the mucosal immune system.
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Eradication of commensal bacteria is able to promote OVA sensitization through an increase
of intestinal permeability by influencing TJ protein regulation. On the other hand,
administration of probiotics is able to suppress the level of sensitization by maintaining
intestinal permeability and regulating the expression of TJ proteins. Our findings support the
use of probiotic supplementation to prevent or treat food allergy. Those findings help to lay the
groundwork for future research on food allergy and gut microbiome crosstalk, maintenance,

function and development disease.
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