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Research and development of novel remedies for renal failure based on gut bacteria and

metabolite analysis using a treatment cohort of patients with renal failure.
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Chronic kidney disease (CKD) affects more than 14 million people and its prevalence is increasing, but
there is no cure. In this study, using samples from clinical trials in which lubiprostone was given to
patients with kidney failure, we performed a multi-omics analysis combining clinical data from these trials
to comprehensively analyse the impact of the gut environment on kidney failure and identify bacteria that
could be targeted for drug discovery in kidney failure. The principal investigator found that lubiprostone, a
drug used to treat chronic constipation, has renoprotective effects. With the support of the AMED Bridge
Programme, 140 patients were divided into three groups (placebo, 8 ug and 16 pug groups) and investigator-
led clinical trials were conducted at eight sites. The results of the comprehensive metabolomic analysis
showed a significant increase in A-metabolites in plasma, B and C-metabolites in urine and D-metabolites
in feces in the group with improved renal function. In contrast, plasma metabolites of E, F, G, H, I, J and K
were reduced. 16SrRNA amplicon sequencing showed only an increase in Bacteria A in the improved renal
function group.

In contrast, phylogenetic analysis by shotgun metagenomic sequencing showed an increase in eight
bacteria, including B, and a decrease in C. The increased bacteria are known to be beneficial bacteria,
suggesting that lubiprostone may act to correct intestinal dysbiosis. In addition, functional analysis by
shotgun metagenomic sequencing showed an increase in 23 enzyme genes involved in the biosynthesis of
metabolite X and a decrease in three enzyme genes. Based on the above, Metabolite X was orally
administered to mice with renal failure induced by an adenine diet and the improvement in renal function
was confirmed. The results showed that administration of Metabolite X significantly reduced creatinine
levels, indicating that it improved renal function.

In addition, to identify human gut bacteria that produce uremic precursors (phenol and indole), we
searched for human gut bacteria that possess tyrosine-phenol lyase (TPL).

We screened compounds that inhibit the activity of tryptophan indole lyase (TIL), which produces indole
along with TPL. The synthetic compound GANG69 and the sesamol, sesaminol and sesamin, which belong to
the gomarignan class, and the isoflavone class, were found to have good inhibitory activity against both
enzymes. Docking simulations of the structures of these inhibitors and TILs were examined to verify their
inhibitory effects from a structural point of view. We found that the major phenol-producing bacteria from
the human intestinal tract are specific Bacteria A, which are TPL-harboring bacteria, and that TPL
inhibitors alter the tyrosine uptake and metabolic profiles of phenol-producing bacteria. In addition, the
possibility that fecal phenol formation may occur in a TPL-independent manner has been raised; therefore,
inhibitors of this TPL-independent pathway were also screened and several candidate compounds were
selected.

The fecal phenol concentration in mice treated with lignin-derived compounds that inhibit TPL activity was
lower than in the untreated group; therefore, 16S metagenomic analysis of feces was performed. However,
no significant changes in the gut microbiota were observed in either group. This result strongly suggests
that lignin-derived compounds effectively inhibit phenol production from tyrosine in the gut without
affecting the gut microbiota. In addition, we identified several species of intestinal bacteria with aromatic
hydroxycarboxylic acid decarboxylation activity involved in intestinal phenol production in addition to TPL.
We screened these strains for inhibitors of aromatic hydroxycarboxylic acid decarboxylation activity and

found that certain natural compounds significantly inhibited phenol production.



