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‘ 10:00 ~ 12:00 ‘

Welcome Address . Haruji Sawada (President, Yakult Bio-science Foundation)
Guest Address : Hideshi Semba (Ministry of Education, Culture, Sports, Science and Technology-Japan)
Introduction : Shigeru Kamiya (Kyorin University Faculty of Health Sciences, Japan)

Keynote Lecture :
(Chair : Shigeru Kamiya (Kyorin University) ]

1. “Metagenomics of human microbiomes including gut flora :
Detailing the entity of microbial genetic elements linking to host’s health and disease” ----- 3
Masahira Hattori (Faculty of Science and Engineering, Waseda University, Japan)

2. “Gut microbiota as a target attain |Ongevity" .................................................................. 9
Patrizia Brigidi (Department of Pharmacy and Biotechnology, University of Bologna, Italy)

| 13115 ~ 17:30

Lecture :
[Chair . Satoshi Hachimura (The University of Tokyo) |

1_ “Intestinal microbiota in early |ife” ................................................................................. 15
Christopher J. Stewart (Newcastle University Institute of Cellular Medicine, UK)

(Chair : Kimitoshi Katoh (Nihon University School of Medicine) )

2_ “Intestinal microbiota and gastrointestinal cancer" ......................................................... 19

Hideo Baba (Department of Gastroenterological Surgery
Graduate School of Life Sciences Kumamoto University, J apan)

3. “The Immune potentiating effect of the gut microbiome in oncology”™ «+«+«=+seereereeenenininnnns 23
Bertrand Routy (University of Montreal Research Center, Canada)

—15:10 ~ 15:30 Break—

[Chair : Toshifumi Ohkusa (Juntendo University School of Medicine) |

4. “Gut microbiome-derived phenyl sulfate contributes to albuminuria in diabetic kidney disease” --- 27
Takaaki Abe (Division of Medical Science, Tohoku University Graduate School of Biomedical

Engineering and Department of Clinical Biology and Hormonal Regulation,

Tohoku University Graduate School of Medicine, Japan)

[Chair : Shizunobu Igimi (Tokyo University of Agriculture) ]

5. “Habitual intake of fermented milk products, regular engagement in moderate physical
activity, and a reduced risk of lifestyle-related diseases in older people” ---------e-eeeeereeeeenenee 31
Yukitoshi Aoyagi (Exercise Sciences Research Group,
Tokyo Metropolitan Institute of Gerontology, Japan)
Discussion
[Chair ; Shigeru Kamiya(Kyorin University)]
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Metagenomics of human microbiomes including gut flora: Detailing the entity
of microbial genetic elements linking to host's health and disease

Masahira Hattori' "
'Faculty of Science and Engineering Department of Advanced Science and
Engineering Waseda University,
“Laboratory for Microbiome Sciences RIKEN Center for Integrative Medical
Sciences (IMS).

Brief curriculum vitae : Birthplace Osaka Japan. Received Ph.D. (Dr. of Engineering) from
Osaka City University in 1979. Researcher of a chemical company from 1979. Assistant
Professor of Kyushu University from 1984. Research Associate of UCSD and the Scripps
Research Institute from 1987. Associate Professor of the Institute of Medical Science, the
University of Tokyo from 1991. Team Leader of RIKEN Genomic Sciences Center (GSC)
from 1998. Professor of Kitasato University from 2002. Professor of Graduate School of
Frontier Sciences, the University of Tokyo from 2006. Professor of Waseda University and
a visiting professor of Keio University from 2015, and Team Leader of Laboratory for Mi-
crobiome Sciences in RIKEN IMS from 2017. Engaged in the International Human Genome
Project (sequencing and analysis of human chromosome 21, 11 and 18) from 1991 to 2004.
A steering committee member of the International Human Microbiome Consortium
(IHMC) from 2008. Current major field is bacterial genomics and metagenomics of human

microbiomes.

Abstract : My lab engages in intensive researches on the ecology and biology of
microbial communities, such as human gut, oral and skin microbiomes based on
culture-independent metagenomics. We are also working on development and
improvement of bioinformatics for the analysis of metagenomic and genomic
datasets produced by next-generation sequencers. We have so far published
several microbiome papers including comparative metagenomics of gut or oral
microbiomes between healthy subjects and patients with various diseases, char-
acterization of Japanese gut microbiomes by the comparison with those of oth-
er nations, fecal microbiota transplantation, aging-related diversity in Japanese
women skin microbiomes, identification of human microbes that induce intesti-
nal immune cells such as Treg, Thl7, Thl and CD8 T cells, circadian rhythm of
human oral microbiomes, standardization of protocols for human gut microbi-

ome analysis, and a pioneer study of metagenomics of human gut microbi-



omes'™ . Currently, we are setting up a long-read next-generation sequencer,

PacBio Sequel, which produces fairly long metagenomic reads of ~ 10 kb on av-
erage from microbiome samples, facilitating generation of more accurate and
extensive assembled contigs than the standard short-read sequencers such as
Illumina HiSeq and MiSeq. Consequently, the long-read metagenomics enabled
us to efficiently recover high-quality bacterial chromosomes and complete ext-
rachromosomal mobile genetic elements (eMGEs) such as plasmids and bacte-
riophages from the assembled sequences. Thus, metagenomic sequencing using
long-read PacBio Sequel provided an efficient approach to independently explore
microbial chromosomes (species) and eMGEs in the community. In this sympo-
sium, I will show long-read metagenomics of human gut microbiomes and phage
community (viromes), and several topics on human and mouse microbiome re-

searches conducted in my lab.
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Gut microbiota as a target attain longevity

Prof. Patrizia Brigidi
Full Professor of Fermentation Biotechnology
Department of Pharmacy and Biotechnology
University of Bologna, Bologna - Italy

Curriculum vitae :
Educational Career :
1995—1998 : Visiting scientist at the Department of Biochemistry, Molecular Biology and
Cell Biology, Northwestern University, Evanston, Illinois
Professional Career :
2008—current : Full Professor in Fermentation Biotechnology, Department of Pharmaceu-
tical Sciences, University of Bologna
2003—2008 : Associate Professor in Pharmaceutical Biotechnology, Department of Pharma-
ceutical Sciences, University of Bologna
1991—1994 : Associate Professor in Fermentation Chemistry and Industrial Microbiology,
Institute of Pharmaceutical Chemistry, University of Catania
Other appointments :
2017—current : President of the Scientific Committee of the National Technological Clus-
ter A.Food
2016—current : Member of the Scientific Board of DISH, International Joint Centre for
Food Safety
2012—2015 : Director of the Institute of Advanced Studies, University of Bologna
Scientific Research Activity :

The research activity of Prof. Patrizia Brigidi is documented by more than 180 publica-
tions in peer reviewed journals and more than 300 congress abstracts, total citations 9457
and HIndex 49. The principal topics concerned : characterization of gut microbiome and
its host interaction by metagenomics and other omics approaches, in the perspective of its
modulation and promotion of human gut health. She has pioneered the use of probiotics for
the treatment of patients affected by gastrointestinal functional disorders and contributed
to the development of new probiotic strains utilized in pharmaceutical formulations and
food products. Currently, she leads a number of European and national projects aimed at
studying the relationship between lifestyle and diet on the human health via the composi-

tional and functional modulation of the host intestinal microbiome.



Abstract :

Longevity is a complex combination of variables in which genetics, lifestyle,
environment, and stochasticity concur to determine the chance to reach 100 or
more years of age”. Because of its impact on human metabolism and immunolo-
gy, the gut microbiome has been proposed as a possible determinant of healthy
aging, which preserves host-environment homeostasis by counteracting inflam-
maging, intestinal permeability, and deterioration of cognitive and bone
health®”. In a co-evolutionary vision of the relationship between gut microbiota
and ageing as an adaptive process of the human meta-organism, long-living indi-
viduals, who get to “successfully” age, might be the ones whose microbiota
manages to continuously re-establish a mutualistic relationship with the host,
adapting to the progressive endogenous and environmental changes5'8>. In order
to unravel the functional and taxonomic links between gut microbiome and ex-
treme aging, we explored the longest available human microbiota trajectory
along aging, characterizing the fecal microbiome of 69 individuals of different
ages (young adults, elderly, centenarians and semi-supercentenarians, i.e. 105-
109 years old) by means of 16S rRNA gene sequencing. A shotgun metagenom-
ics approach was applied to a subset of 62 individuals of this cohort to extend
the definition of gut microbiota down to species level and provide an accurate
depiction of the functional changes occurring along with age. Centenarians and
semi-supercentenarians were featured by a distinctive rearrangement in their
microbiome configuration, at both taxonomic and functional levels. A core mi-
crobiota of highly occurring, symbiotic bacterial families and species was as-
sessed, with a cumulative abundance decreasing along with age. Aging was
characterized by an increasing abundance of subdominant species, as well as a
rearrangement in their co-occurrence network. These features are maintained
in longevity and extreme longevity, but peculiarities emerged, especially in
semisupercentenarians, describing changes that, even accommodating opportu-
nistic and allochthonous bacteria, might possibly support health maintenance
during aging, such as an enrichment and/or higher prevalence of health-associ-
ated groups. At a functional scale, gene rearrangements in metabolic pathways
related to carbohydrate, amino acid and lipid metabolism as well as xenobiotics
degradation were evidenced in centenarians and even more in semi-supercente-
narians, probably representing the result of a life-long adaptive response to pro-
gressive changes in diet and lifestyle.
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Brief curriculum vitae :

Dr Christopher Stewart has researched the early life microbiome in health and disease for
the past decade, specializing on infants born premature (<32 weeks gestation). In that
time he has published over 50 peer-reviewed manuscripts. Following his PhD and a Fel-
lowship in the UK, he moved to Baylor College of Medicine (Houston, TX) as a Post-Doc-
toral Associate, performing both computational and wet-lab experimentation. He then
moved to Newcastle University (England, UK) in January 2018 as a Marie Sklodows-
ka-Curie Actions Fellow and is currently building his lab focused on microbial-host interac-

tion In the gut.

Abstract :
Following birth, the infant gut is rapidly colonized by a range of microbes

120 Unlike infants born at term

that play fundamental roles in health and disease
(>37 weeks gestation) , extremely preterm infants (<32 weeks gestation)
have immature intestinal architecture and an underdeveloped immune system.
Because the preterm gut can become leaky, translocation of microbes into the
bloodstream and/or intestinal cell death represent major problems in this vul-
nerable population. However, certain types of bacteria may promote gut and
immune maturation™ .

Our group utilises systems biology, combining microbiology, molecular biolo-
gy, and biochemistry to comprehensively profile clinical samples, including ma-
ternal breast milk and infant respiratory and gut samples. Building on from
these association-based analyses, we are developing a state of the art co-culture
technology, allowing human intestinal stem cell derived enteroids ( “mini guts”)
to be tested under physiologically relevant oxygen conditions”. Using this ex
vivo model will allow for targeted experimentation, exploring how specific mi-
crobes and milk components modulate intestinal barrier integrity and function.
Understanding how bacteria and gut epithelial cells interact holds exciting pos-

sibilities to better predict, diagnose, and treat preterm infants at risk of disease.
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Abstract :

Despite the development of multimodal therapies, including surgery, chemo-
therapy, radiotherapy, and chemoradiotherapy, the prognosis of esophageal can-
cer patients, including those who undergo complete resection, remains poor.
The limited improvement in treatment outcome by conventional therapies has
prompted the search for innovative strategies for the treatment of esophageal
cancer. Microbiome research is a rapidly advancing field in the study of human
cancers. Recently, the gut microbiome has been reported to play an important
role in many types of cancer. As the gastrointestinal microbiota can be modified
through the rational deployment of antibiotics, probiotics, and prebiotics, a bet-
ter understanding of the relationship between human cancer and the microbi-

ome may have clinical implications.



Fusobacterium nucleatum (F. nucleatum) is an oral bacterium, indigenous to
the human oral cavity, that plays a role in periodontal disease. Recent studies
have found that F. nucleatum can promote gastrointestinal tumor progression
and affect the prognosis of the disease. We are doing collaborative research
with Dana-Farber Cancer Institute (USA) and have reported the following
findings ; 1. the amount of tissue F nucleatum is inversely associated with
CD3+ T-cell density in colorectal carcinoma tissue. 2. the amount of F. nuclea-
tum DNA in colorectal cancer tissue is associated with shorter survival, and
may potentially serve as a prognostic biomarker. 3. the proportion of F. nuclea-
tum-high colorectal cancers gradually increases from rectum to cecum.

Now we are focusing on clinical and prognostic features of F. nucleatum in upper
gastrointestinal cancers. We quantified /. nucleatum DNA in 325 resected esopha-
geal cancer specimens by qPCR and found that F. nucleatum in esophageal cancer
tissues was associated with shorter survival. The top-ranked KEGG pathway in £
nucleatum-positive tissues was “cytokine-cytokine receptor interaction.” F. nuclea-
tum might also contribute to aggressive tumor behavior through activation of
chemokines. In addition, /. nucleatum may contribute to the chemoresistance of
gastrointestinal cancers. This presentation summarizes recent progress in the

pathogenesis of F. nucleatum and its impact on gastrointestinal cancer.
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went on to graduate from McGill University's Internal Medicine program. He then com-
pleted a fellowship at the Princess Margaret Hospital, University of Toronto. Following his
medical training, he obtained a PhD in immuno-oncology at the Gustave Roussy Cancer
Campus in Paris under the supervision of Pr. Laurence Zitvogel in 2017. Dr. Routy s past
work includes unraveling the deleterious impact of antibiotics on patients receiving im-
mune checkpoint blockers (ICB). He also contributed to establishing that the gut microbio-
ta composition has a major impact on ICB efficacy in non-small cell lung cancer and renal
cell carcinoma. He has written and published several seminal papers in journals including
Science, Immunity, Cell and Annals of Oncology. Dr. Routy's research focuses on manipula-
tion of the gut microbiome in combination with immunotherapy to develop novel therapies

and biomarkers in thoracic oncology.

Abstract : Immune checkpoint inhibitors (ICI) targeting cytotoxic T-lympho-
cyte-associated antigen 4 (CTLA-4) and programmed cell death receptor 1
(PD-1) and its ligand (PD-L1) have achieved unprecedented breakthroughs
for the treatment of advanced cancers. ICI have rapidly become the standard of
care for multiple tumor types ; however, a significant proportion of patients do
not respond, and a subset may progress faster than normally expected on ICI.
Mouse models and observational studies in ICI recipients indicate that the gut
microbiome is an important mediator of ICI efficacy, revealing interactions be-
tween specific bacteria and the host that influence ICI anti-tumor immunity and
toxicity. Gut microbiome profiling in patients with metastatic melanoma, lung
and genitourinary malignancies identified bacteria that are associated with re-
sponsiveness or toxicity in humans and can restore ICI responsiveness in mice.
These initial studies have identified the importance of the gut microbiome as a



novel diagnostic and therapeutic target in ICI recipients, yet critical questions
remain about the generalizability, therapeutic viability and mechanistic signifi-
cance of these findings.
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Abstract : Diabetic kidney disease is a major cause of renal failure that urgent-
ly necessitates a breakthrough in disease management. Specific remedies are
needed for preventing. Type 2 diabetes causes significant changes in an array
of plasma metabolites, and in the humans, SLCO4C1 is the only transporter con-
tributes to the transport into the urine. Previously, we generated transgenic
rats overexpressing human SLCO4CI in the proximal tubule, a typical model
for human renal excretion and using this model. We characterize metabolites
that are increased in diabetic wild type rats (WT-DM), but reduced in diabetic
SLCOA4C1 transgenic rats (Tg-DM). By untargeted metabolome analysis, PS in-
crease with the progression of diabetes and are decreased in SLCO4C -Tg rats
with limited proteinuria. In experimental diabetes models, PS administration in-
duces albuminuria and podocyte damage due to the mitochondrial dysfunction.
By clinical DKD cohort analysis, it was also confirmed that the PS levels signifi-
cantly correlate with basal and predicted 2-year progression of albuminuria.
Phenol is synthesized from dietary tyrosine by gut bacterial-specific tyrosine
phenol-lyase (TPL) and absorbed phenol is metabolized in to PS in the liver.
Inhibition of TPL reduces not only the circulating PS level but also albuminuria
in diabetic mice. In adenine renal failure model, Inhibition of TPL significantly



ameliorate renal dysfunction. TPL inhibitor did not significantly alter the major
composition, showing the non-lethal inhibition of microbial-specific enzymes has
a therapeutic advantage, with lower selective pressure for the development of
drug resistance. Clinically, among 362 patients in a multi-center clinical study in
diabetic nephropathy cohort (U-CARE) with full data were analyzed. The bas-
al plasma PS level significantly correlated with ACR, eGFR, age, duration,
HbAlc and uric acid, but not with suPAR. Multiple regression analysis revealed
that ACR was the only factor that significantly correlated with PS. By stratified
logistic regression analysis, in the microalbuminuria group, PS was the only fac-
tor related to the amount of change in the 2-year ACR in all models, with an
odds ratio of 202 (CI : 1.04-392). ROC curve analysis further showed that a
combination of sSUPAR with known factors increased the c-statistics value and
the values was further increased with PS combination.

PS is not only an early diagnosis marker, but also a modifiable cause and
therefore a target for the treatment of DKD. Chemical reduction of microbiota
TPL should represent another aspect for developing drugs preventing DKD.
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Abstract :

We have been conducting an ongoing epidemiological study on about 5,000
subjects aged 65 years and older in Nakanojo Town, Gunma Prefecture, Japan
(the Nakanojo Study) since 2000. Study participants wear an accelerometer
continuously for 24 hours per day, 365 days a year in order to monitor daily
step counts and the duration of physical activity undertaken at an intensity >3
metabolic equivalents (hereinafter referred to as the duration of moderate-in-
tensity activity). We also perform medical tests including genetic testing and
make a questionnaire survey of diet, health and lifestyle. Results from the Na-
kanojo Study have now clarified the daily step count and duration of moder-
ate-intensity activity associated with healthy longevity and a reduced risk of
various diseases and clinical conditions.™” Observations have revealed, for ex-
ample, that walking at least 4,000 steps per day including at least a 5-minute
duration of moderate-intensity activity (4,000 steps and 5 minutes) was associ-



ated with a reduced risk of depression. Similarly, 5000 steps and 7.5 minutes
per day was linked with a reduced risk of clinical conditions requiring support/
long-term care, dementia, stroke and cardiac disease; 7,000-8,000 steps and 15-20
minutes was tied to a reduced risk of cancer, arteriosclerosis, osteoporosis, dia-
betes, hyperlipidemia, sarcopenia and weakness; and 8000 steps and 20 minutes
for those over 75 years of age or 10,000 steps and 30 minutes for those under
75 years of age was associated with a reduced risk of developing the metabolic
syndrome. In the present context, walking at least 8000 daily steps including at
least 20 minutes of moderate-intensity activity was related to a reduced risk of
hypertension, a condition whose prevalence rate is very high both in Japan and
world-wide and that can predispose to many other types of illness.

Meanwhile, many clinical trials have demonstrated that regular ingestion of
the Lactobacillus casei strain Shirota (LcS) can also provide various health
benefits. However, the effects of this dietary supplement have not previously
been examined in general community residents. We therefore investigated the
relationship between the incidence of hypertension and the frequency of intake
of fermented milk products containing LcS over a 5-year period in a sample of
352 subjects (125 males and 227 females) aged 65 to 93 years living in Nakano-
jo.m Participants were diagnosed as having hypertension when at least one of
the following criteria was met : a systolic blood pressure >140 mmHg/diastolic
blood pressure >90 mmHg, a doctor’s pronouncement, and/or the use of antihy-
pertensive medication. Those subjects with an initially normal blood pressure
were divided on the basis of an in-depth interview completed by a nutritionist
into two groups (those taking the fermented milk product containing LcS <3
days/week [n = 254] and those taking it >3 days/week [n = 98]). After con-
trolling data for the main confounding factors (age, sex, body mass index,
smoking and drinking) , multivariate analysis showed that the incidence of hy-
pertension over the ensuing 5 years was significantly lower (relative risk [95%
confidence interval] 0.398 [0.167-0.948], P = 0.037) in the group taking the fer-
mented milk product containing LcS >3 days/week (6%) than in the group
taking it <3 days/week (14%) . On the other hand, a preliminary analysis of
stool samples collected from 136 out of the 352 subjects showed that the rela-
tive abundance of fecal Phylum Proteobacteria and its member Family Entero-
bacteriaceae was significantly higher (P < 0.05) in hypertensive (n = 19)
than in normotensive individuals (n = 117), fecal bacterial abundances of the
former being two to three times as large as those of the latter. In conclusion,



these results suggest that taking fermented milk products containing LcS >3
days/week reduces the risk of developing hypertension. We are now studying
the relationship between the intake of fermented milk products containing LcS
and development of diseases other than hypertension, using a larger sample size.
Infrequent bowel movements decrease the number of beneficial bacteria in
the human intestines, thereby potentially increasing the individual's risk of col-
orectal cancer, which has now become the leading cause of death among the
Japanese. The correction of such bowel problems could make an important con-
tribution to improving population health and quality-adjusted lifespan. As part
of the ongoing Nakanojo Study, we have examined independent and interactive
effects upon the fecal microbiota of two potentially favorable determinants of
intestinal motility: the intake frequency of a fermented milk product containing
LcS and the quantity/quality of habitual physical activity in 338 community-liv-
ing Japanese (140 males and 198 females) aged 65-92 years.” The subjects of
this study were arbitrarily grouped on the basis of questionnaire estimates of
LcS intake (0-2, 3-5 and 6-7 days/week) and pedometer/accelerometer-deter-
mined patterns of physical activity (<7,000 and >7,000 steps/day, or <15 and
>15 min/day of activity at an intensity >3 metabolic equivalents [METs]). After
adjustment for potential confounders, the respective numbers of various benefi-
cial fecal bacteria tended to be larger in more frequent consumers of LcS-con-
taining products, this trend being statistically significant (mostly P < 0.001) for
total Lactobacillus, the Lactobacillus caser subgroup and the Atopobium cluster;
In contrast, there were no statistically significant differences in fecal bacterial
counts between the physical activity groups. A multivariate-adjusted logistic re-
gression analysis estimated that the risk of infrequent bowel movements (arbi-
trarily defined as defecating <3 days/week) was significantly lower (P < 0.05)
in subjects who ingested LcS-containing products 6-7 rather than 0-2 days/week
(odds ratio [95% confidence interval] 0.382 [0.149-0.974]) , and it was also
lower in those who took >7,000 rather than <7,000 steps/day (0.441 [0.201-
0.971]) or spent >15 rather than <15 min/day of physical activity at an intensi-
ty >3 METs (0412 [0.183-0.929]). The risk of infrequent bowel movements in
subjects who combined a 6-7 days/week intake of LcS with >7,000 steps/day or
>15 min/day of activity at >3 METs was only a tenth of that for individuals
who combined 0-2 days/week of LcS with <7,000 steps/day or <15 min/day at
>3 METSs. These results suggest that elderly individuals can usefully ingest
LcS-containing supplements regularly (>6 days/week) and also engage in mod-



erate habitual physical activity (27,000 steps/day and/or >15 min/day at >3

METSs) in order to enhance their gastrointestinal health.
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