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We have provided scientific evidence that rice bran suppresses colitis and we could apply it to
recommending IBD patients to consume unpolished brown rice instead of white rice. Our methodology in
elucidating the anti-colitic mechanisms of rice bran could also be applied to other food products.

Our results suggest that colitic mice fed 10% RB supplemented diet had
higher abundance of Clostridiaceae. Fecal microbiota transplantation from RB-fed mice suppressed
colitis. This strongly suggests that RB suppresses colitis through gut microbiota modulation.The
fecal metabolome profile was dynamically changed by RB intake. Enrichment analysis revealed that RB

intervention enriched the tryptophan metabolism pathway. Our results revealed that RB improves
colitis via gut environment modulation.
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In recent years, the prevention of life-style related disease such Type 2 Diabetes (T2D)
(Nutr Diabetes., 5 (11), €185, 2015), metabolic disease (Br. J. Nutr., 112: 717-719, 2014) and
IBD (Sci. Rep., 7, 43993, 2017) via nutritional intervention is popular and consumers are
becoming more conscious of their nutritional intake to maintain good health. RB that is contained
in brown rice, a type of Japanese food that is commonly consumed, has reported colitis
suppression effects, but the molecular mechanisms are not yet understood (Scand. J.
Gastroenterol., 46, 40-52, 2011).

greater understanding of the ways nutrition influences metabolic pathways and homeostatic
control and how this regulation is disturbed in the early stages of a diet-related disease (Semin.
Immunopathol., 37 (1), 5-16, 2015). The gastrointestinal tract is a complex ecosystem that
harbors various microorganisms which influence many aspects of health including inflammatory
bowel disease, cancer and obesity in adults. The intricate interaction among gut microbiota-
derived metabolites, the gut microbiota itself and the host immune system is transmitted via a
large array of signaling pathways that extend beyond the immune system. These complex inter-
relationships come together to form a series of host-microbe metabolic axes. By integrating
metagenomic and metabolomics information on a systems biology-wide approach, | would be
better able to understand this interplay between RB, gut microbiome, host metabolism and IBD.
Through the modelling of metabolic interactions between RB and microbiota, | foresee that
integrated omics-based understanding of the gut ecosystem is the new avenue, providing exciting
novel therapeutic approaches for personalized host health.

We performed 3 animal experiments (2 animal experiments using conventional mice and 1 animal
experiment using germ-free mice). The 1st animal experiment was to observe dose dependency
of RB on colitis suppression. Following a 1-week acclimatization period, mice were randomly
assigned to 4 different groups (n=5 in each group): Control: mice given the AIN-93G basal diet
and tap water for 1 week, after which colitis was induced by administering 2.0% (w/v) DSS-
containing water for 10 days; 5% RB, 10% RB and 20% RB-supplemented AIN-93G basal diet
and tap water for 1 week, then 2.0% DSS-containing water for 10 days respectively. During the
experimental period, fecal samples from all of the mice were collected daily for 16S rRNA gene
analysis. In addition, during the DSS administration period, severity of colitis would be assessed.
On day 10 after DSS administration, all mice would be sacrificed.

The 2" animal experiment was to investigate fat-soluble/water-soluble components of RB on
colitis suppression: Following a 1-week acclimatization period, mice were randomly assigned to
6 different groups (n=5 in each group): Control: mice given the AIN-93G basal diet and tap water
for 1 week, after which colitis was induced by administering 2.0% (w/v) DSS-containing water for
10 days; RB, RBN, RBG and RBD: 10% RB, y-oryzanol and 10% defatted RB-supplemented AIN-
93G basal diet and tap water for 1 week, then 2.0% DSS-containing water for 10 days respectively.
During the experimental period, fecal samples from all of the mice were collected daily for 16S
rRNA gene analysis. In addition, during the DSS administration period, severity of colitis would
be assessed. On day 10 after DSS administration, all mice would be sacrificed.

The germ-free murine experiment was to investigate if the colitis suppression effects from RB was
solely dependent on gut microbiome modulation. Briefly, 8-week-old specific-pathogen-free male
C5BL6J donor mice (n=3 per diet group) were administered with AIN-93G with tap water (CON),
10% supplemented RB diet with tap water (10% RB). After 2 weeks of administration, fecal
samples were collected and pooled. 100 mg of fecal sample was resuspended in 1 ml of sterile
PBS. The solution was vigorously mixed for 10s using a benchtop vortex (Vortex-Genie 2,
Scientific Industries, USA; speed 9), before centrifugation at 800g for 3 min. The supernatant that
was prepared on the same day of transplantation within 10 min before oral gavage to prevent
changes in microbiota composition was collected and was administered into recipient mice daily
(350 uL for each mouse) by oral gavage. Recipient mice were randomly assigned to 2 groups and
were fed with AIN-93G basal diet and tap water for 10 days, then administered 2.0% DSS-
containing water for 10 days. Additionally, recipient mice were administered supernatant of fresh
fecal suspension from CON and 10% RB to their respective recipient groups, respectively, by oral



gavage (350 uL for each mouse) daily.

For all animal experiments, we performed the following observations.

Colon observations Length of colon and presence of tumors in colon will be macroscopically
inspected. For histopathology analysis, a representative sample from the mid-part of colon will be
selected.

Collection of tissues for multi-omics evaluation Fecal samples will be collected on as
indicated above for metabolite analysis. Intestinal contents will also be collected from the ileum
and colon at time of sacrifice for metabolomics (CE-TOF/MS, Agilent, available at Keio University)
and metagenomic (Miseq System, lllumina, available at Keio University) analyses.

Evaluation of omics data for integrated omics analysis One of the core goals of nutritional
research is to understand how diet can influence metabolic regulations and how scientists in this
field can use this diet to improve health and well-being. | will integrate multiple omics platforms
and finally to systems biology by using software like Ingeunity Pathway Analysis (IPA, Qiagen)
and MetaCore (Thomson Reuters) to have an overview of integrated omics data to visually
compare the responses of multiple metabolic pathways simultaneously. The
pathways/genes/proteins/metabolites are activated or repressed among the multiple metabolic
pathways can be visually and intuitively found. Gut microbiome will be analysed using the
Quantitative Insights Into Microbial Ecology (QIIME) platform.

In this study, we have shown that 5%. 10% and 20% RB fed mice have reported colitis
suppression (A). By using a time-course microbiome and metabolome approach, | aimed to
elucidate the dynamics of gut environment, and identified RB-related gut environmental
alterations. 20 families, especially Alcaligenaceae and Lactobacillaceae showed significant
increases and Enterobacteriaceae was significantly decreased in 10% RB-fed mice (D).
Clostridiaceae had significantly higher abundances (J). 41 metabolites, especially N1,N12-
Diacetylspermine, Indole-3-ethanol, N1-Acetylspermidine, 5-Hydroxy-indoleacetate and short-
chain fatty acids were significantly increased RB-fed mice (E,F). Metabolite set enrichment
analysis revealed that Vitamin B6 metabolism, tryptophan metabolism and ubiquinone
biosynthesis were significantly increased in RB-fed mice (G). Mice that underwent fecal
microbiota transplantation from donor mice fed RB had significantly improved body weight loss
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