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Previous studies have revealed the intestinal microbiota is implicated in numerous aspects of health and
disease based on their interaction with host epithelium. However, it still remained unclear that the mechanism
of communication between microbes and their host underlies the basis of their association, and how systemic
activity of microbes affects the other organs such as liver and brain from gut. Accordingly, the specific aims of
this application are to understand focused on intestinal epithelium 1) what the signaling pathway is introduced
by symbiotic relationship of microbes with their host, and 2) how dysregulation of their association causes
disease, e.g. inflammation and cancer. Our study will establish basic roles of the effect of microbes for entire
body of human thought gut-liver-brain axis that could have implications for therapy of diseases such as cancer
and inflammation of gut or liver that demonstrate poor healing.

(Methods and results)

1: Understanding the molecular mechanism to maintain homeostasis and malignant transformation of

gut epithelium caused by intestinal microbes.

To understand the function of Chinese medicine, Qing-Dai as an anti-cancer probiotics together with the team
of Dr. Sasaki (Keio University), we investigate the molecular mechanism how Qing-Dai affects colorectal cancer
cells using patient-derived tumor organoid. As we revealed Qing-Dai contains some of gut microbiota-generated
metabolites in our pilot study, we tested the possibility whether Qing-Dai acts as an anti-cancer drug. We cultured
tumor organoid in the medium containing of Qing-Dai or some its contents (microbiome derived metabolites).
Surprisingly, the growth of tumor-organoid was inhibited sharply by adding Qing-Dai and metabolites. These
data might suggest Qing-Dai become a seed of therapeutic drug for cancer. Now, we also investigate the effect
of Qing-Dai for composition of microbiota by 16sRNA sequencing analysis collaborated with the team Dr. Hattri
(Waseda University).

Furthermore, we also established the protocol of transplantation of human adenoma-organoid into
immunodeficient mice efficiently. Therefore, we are now ready for analysis to address the mechanism of

malignant transformation of gut epithelium by microbiome and/or their metabolites.

2: Investigation the mechanism of inflammation diseases at gut and liver influenced by gut microbes via

gut-liver-brain axis

To define pathogenic mechanism of inflammation at intestine and liver via inter-organ network, we generated
following those mouse model: 1) a gnotobiotic mouse inoculated with feces of UC+PSC patients, and 2) a
vagotomized mouse implicated in intestinal inflammation through gut-brain axis collaborated with teams of Dr.
Sasaki, Dr. Hattori and Dr. Yada (Jichi Medical University) who supports technical part of surgery in vagotomy.

To understand relationship between PSC and microbiota, we first observed the effect for mucosal
immune system in a gnotobiotic mice inoculated feces of UC+PSC patients. Compared with
control mice (germ-free and feces of healthy donor), several types of immune cells were induced
significantly. This data might show evidence of microbial dysbiosis in PSC patients, and gut
microbiota traverse the portal vein to the liver where they cause inflammation.

We next tested DSS-induced colitis in vagotomized mice. Surprisingly, the onset of colitis and
injury were accelerated in this mouse compared with control. Furthermore, we found the
phenotype was canceled by administration of antibiotics. These results suggest gut inflammation

might be regulated by microbes or their metabolites through gut-liver-brain axis.
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