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Abstract

In recent years, intestinal bacteria have been implicated in a variety of diseases.
While many studies have focused on their roles in gastrointestinal conditions such as
inflammatory bowel disease and colorectal cancer, emerging evidence also suggests
links to neurological disorders, including Parkinson’s disease, Alzheimer’s disease,
poliomyelitis, and depression that originate outside the intestinal tract. However, the
underlying mechanisms connecting the gut and brain remain poorly understood.
To address this, we investigated the gut-brain connection with a focus on the vagus
nerve, a key bidirectional communication pathway. The vagus nerve comprises an
afferent branch, which senses signals from the gut and relays them to the brain, and
an efferent branch, which transmits brain-derived signals to the intestinal tract.

Our research revealed that signal transmission from the gut to the brain regulates

the intestinal immune environment. In mice, surgical blockade of the main trunk



of the vagus nerve significantly reduced regulatory T cells (pTregs) which suppress
intestinal inflammation in the colon, and worsened symptoms in a mouse model
of intestinal inflammation. Further analysis of the gut-brain neural circuits
demonstrated that the intrahepatic vagus nerve, nodal ganglion, and medullary
solitary tract nucleus components of the vagal sensory pathway activate the left
vagus efferent nerve. This activation sustains the presence of antigen-presenting cells
needed for the induction and maintenance of intestinal pTregs. Thus, we identified a
neural circuit that links vagal signaling to immune homeostasis in the gutl,2.

We then extended our investigation to examine the interaction between intestinal
bacteria and the central nervous system using the experimental autoimmune
encephalomyelitis (EAE) model of multiple sclerosis. Although EAE primarily causes
spinal cord inflammation, its connection to gut microbiota remains underexplored.
We found that encephalitogenic Thl7 cells involved in central nervous system
inflammation are induced in the small intestine. This induction was traced to
bacterial metabolism of tryptophan into kynurenine and kynurenic acid, which
promote the accumulation of Th17 cell-inducible antigen-presenting cells in the
gut3d,4.

These findings collectively highlight a mechanistic link between intestinal bacteria
and brain disease, suggesting that brain disorders may be preventable or modifiable
by targeting the gut-brain neural circuitry or manipulating the gut microbiota.
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