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Abstract

Food allergy has become an increasingly important global health concern. In
particular, further increases in the prevalence of food allergy are anticipated in
Asia as lifestyles and dietary habits continue to change. Food allergy not only
affects the quality of life of affected individuals but also places a substantial
burden on their families. Furthermore, severe allergic reactions may result in life-
threatening anaphylaxis, making food allergy a major public health issue. While
clinical management has traditionally focused on treating established disease, recent
advances have increasingly shifted attention toward both disease prevention and
disease-modifying therapeutic approaches.

Accumulating evidence suggests that the gut microbiota plays a crucial role in
both the development of food allergy and the acquisition of immune tolerance. In
addition to genetic susceptibility, early-life environmental exposures significantly
influence food allergy risk. Among these factors, diet, gut microbiota, and skin
barrier function have emerged as key determinants of immune tolerance. The gut
microbiota begins to establish immediately after birth and is shaped by multiple
factors, including mode of delivery, infant feeding practices, complementary feeding,



antibiotic exposure, and lifestyle-related factors. Recent studies have demonstrated
that microbiota-derived metabolites, particularly short-chain fatty acids, contribute
to the induction of regulatory T cells (Tregs) and the establishment of immune
tolerance. In particular, members of the Clostridia class have been associated with
protection against allergic diseases, highlighting the importance of early-life
microbial colonization.

Skin barrier function also plays a critical role in food allergy development. The
Dual Allergen Exposure Hypothesis, which proposes that impaired skin barrier
function promotes epicutaneous sensitization whereas oral exposure facilitates
immune tolerance, 1s now widely accepted. Consequently, increasing attention has
been paid to the concept of the “gut-skin axis,” reflecting interactions between
intestinal and cutaneous immune responses. Through early-life skin intervention
studies and birth cohort research, we have demonstrated the importance of
maintaining skin barrier integrity during infancy for the prevention of the allergic
march. Successful prevention of food allergy is likely to require an integrated
strategy combining suppression of epicutaneous sensitization with promotion of oral
immune tolerance.

Beyond prevention, the gut microbiota has also emerged as a promising therapeutic
target. We conducted the TOY Study, a randomized controlled trial investigating the
combination of heat-killed Lactiplantibacillus plantarum YIT0132 (LP0132) and oral
immunotherapy (OIT) in children with cow’s milk allergy. LP0132 supplementation
was associated with increased gut microbial diversity and a higher abundance of
Lachnospiraceae, a bacterial family that includes short-chain fatty acid-producing
species. In addition, reductions in the Th2-associated cytokines IL-5 and IL-9 were
observed, suggesting immunomodulatory effects mediated through alterations of
the gut microbiota. Favorable changes in markers related to immune tolerance
induction were also identified, indicating that microbiota-targeted interventions may
complement existing therapeutic strategies for food allergy.

We subsequently performed a secondary analysis of the TOY Study dataset
by integrating clinical information, cytokine profiles, and microbiome data to
investigate interactions among lifestyle factors, immunity, and the gut microbiota.
This analysis demonstrated that children with severe cow’s milk allergy could
be classified into distinct clusters characterized by different immunological and
microbial profiles. Clusters enriched with Lachnospiraceae and Rikenellaceae
exhibited features associated with reduced allergic inflammation, whereas other
clusters were characterized by elevated levels of pro-allergic cytokines such as thymic
stromal lymphopoietin (TSLP) and thymus- and activation-regulated chemokine
(TARC). Lifestyle-related factors, including the timing of complementary food
introduction and parental educational background, were also associated with both



microbial composition and immune parameters. These findings suggest that food
allergy i1s not a single disease entity but rather comprises multiple endotypes shaped
by complex interactions among environmental exposures, immunity, and the gut
microbiota.

Recent advances in food allergy research indicate that prevention and treatment
should not be viewed as separate concepts but rather as complementary approaches
linked through the common mechanism of immune tolerance induction. Early-life
interventions targeting diet and skin barrier function may contribute to disease
prevention, whereas microbiota-targeted approaches may enhance treatment efficacy
after disease onset. In this lecture, I will review recent advances in gut microbiota
research and present findings from our studies on food allergy prevention and
treatment, highlighting future opportunities for microbiota-based strategies for the
prevention and management of food allergy.



