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Abstract

Humans coexist with a vast number of bacteria on body surfaces such as the
skin, oral cavity, and gastrointestinal tract. In particular, the intestine harbors
approximately 40 trillion commensal bacteria that form the gut microbiota,
contributing to the maintenance of host homeostasis. In recent years, dysbiosis—an
imbalance in the composition of the gut microbiota—has been implicated in various
diseases, including lifestyle-related conditions such as obesity and mental disorders.
As a result, the regulation of the gut microbiota has become increasingly important
in preventive medicine.
Factors known to influence the composition of the gut microbiota include dietary
habits, aging, and other lifestyle-related elements. Although research on bacterial
interventions, such as probiotics, has advanced, host-derived mechanisms that
regulate symbiosis remain largely unclear.
Paneth cells, a lineage of small intestinal epithelial cells, play a key role in intestinal
innate immunity by secreting the antimicrobial peptide a-defensin in response to
bacterial stimuli, thereby directly killing pathogenic microorganisms. We have
previously demonstrated that a-defensins exhibit strong bactericidal activity against
pathogenic and opportunistic bacteria, but not against beneficial commensals such
as Bifidobacterium and Lactobacillus [1]. This selective bactericidal activity suggests
that a-defensins are important host factors that shape gut microbiota. Furthermore,
in a mouse model of Crohn’s disease, we showed that secretion of abnormal



o-defensins due to endoplasmic reticulum stress in Paneth cells occurs at an early
stage of disease onset, inducing dysbiosis and contributing to disease progression
[2]. In human cross-sectional studies, we also revealed that aging and reduced sleep
duration are associated with decreased a-defensin secretion and the consequent
disruption of the gut microbiota [3, 4]. Additionally, in models of graft-versus-host
disease and depression, we were the first to demonstrate that impaired a-defensin
secretion induces dysbiosis, which in turn leads to disease onset via altered microbial
metabolites, and that normalization of a-defensin levels can restore gut microbiota
and provide a novel strategy for disease prevention and treatment [5, 6].

These findings suggest that a-defensins play a critical role in the formation and
maintenance of the gut microbiota, and that their disruption may increase disease
risk. In this presentation, we will discuss our efforts to elucidate the symbiotic
mechanisms between the gut microbiota and the host mediated by a-defensins and
to develop novel preventive strategies based on dietary components targeting this

mechanism.
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