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Elucidation of action mechanism of mucosal vaccines for Clostridium ramosum
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In recent years, analysis of the intestinal microbiota has become popular, and it has been reported that changes in the diversity
of the intestinal microbiota (dysbiosis) are particularly associated with various diseases. Although there exist methods to
control dysbiosis, such as fecal microbiota transplantation, it is necessary to establish control methods specific to dysbiosis-
associated bacteria due to safety issues. In recent years, pathobionts that are directly involved in the pathogenesis of diseases
have been identified in addition to dysbiosis. Our research group developed a vaccination method in 2019 that can induce
high-titer antigen-specific IgA on mucosal surfaces throughout the body by intramuscular injection of CpG DNA and p-glucan
(cardran) as co-adjuvants together with antigen. We obtained a patent on this mucosal vaccine technology in Japan and abroad
(#patent 6534146). Interestingly, this technology significantly suppressed obesity and diabetes development by inducing
bacteria-specific IgA in the intestinal tract against Clostridium ramosum, an intestinal symbiotic bacteria associated with the
development of obesity and diabetes (Gastroenterology. 2019). Furthermore, patients with nonalcoholic steatohepatitis
(NASH) have also been found to have an increased proportion of C. ramosum in the intestinal tract compared to healthy
individuals. In order to realize the clinical application of a mucosal vaccine that controls C. ramosum, this research and
development project aimed to clarify the pathological mechanism caused by C. ramosum, and also examined the optimization
of C. ramosum antigen and its efficacy as a therapeutic vaccine using notobiotech mouse technology and metagenomic
analysis.R&D items included 1) antigen discovery for C. ramosum mucosal vaccine, 2) functional analysis of C. ramosum
using intestinal epithelial cell lines and intestinal organoids, 3) analysis of NASH model mice in which C. ramosum was
established, 4) verification of the therapeutic vaccine effect against C. ramosum (obesity) 5) Verification of the therapeutic
vaccine effect against C. ramosum (effect of preventing disease progression from NAFLD to NASH). We found that C.
ramosum colonization induces target organ abnormalities and that mucosal vaccination can induce the ameliorative effect of

visceral obesity.

(1) antigen discovery for C. ramosum mucosal vaccine
Using a standard strain of C. ramosum (JCM1298T) as antigen, mucosal vaccination was performed on mice transplanted
with feces with high levels of C. ramosum, and repertoire analysis was performed. Specific clones detected only in individuals

of the Vaccine group were found, and sequence search is in progress.

(2) functional analysis of C. ramosum using intestinal epithelial cell lines and intestinal organoids
Comparison of sterile C. ramosum single gnotobiotic mice fed a high-lipid, high-cholesterol diet showed little change in gene
expression in small and large intestinal epithelial cells. However, ignificant gene expression changes were observed in liver

tissue.

(3) analysis of NASH model mice in which C. ramosum was established
We established single gnotobiotic mice with C. ramosum and fed them a high-lipid, high-cholesterol diet for a long period to
create a NASH model mouse, showing that the pathogenesis of NASH is exacerbated by the establishment of C. ramosum.

Improvement of liver function was observed after mucosal vaccination.

(4) verification of the therapeutic vaccine effect against C. ramosum (obesity)
We examined the effect of mucosal vaccine on obesity in C. ramosum single gnotobiotic mice. There was a trend toward less
weight gain in the vaccinated group. Liver weight was not significantly improved in the vaccination group. However, fat

deposition was suppressed in the liver.

(5) Verification of the therapeutic vaccine effect against C. ramosum (effect of preventing disease progression from NAFLD
to NASH)



The preventive effect of mucosal vaccine against NASH was verified in gnotobiotic mice in which feces from NASH patients
with a high proportion of C. ramosum were settled. This is a long-term experiment and is ongoing.
In summary, we found that C. ramosum fixation induces abnormalities in liver and that mucosal vaccination can induce an

ameliorative effect on visceral obesity.



