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Welcome Address : Fumiyasu Ishikawa (President, Yakult Bio-Science Foundation, Tokyo)
Guest Address : Ministry of Education, Culture, Sports, Science and Technology - Japan
Introduction : Shigeru Kamiya (Kyorin University, Tokyo)
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[Chair : Shigeru Kamiya (Kyorin University, Tokyo)]
1. “The influence of intestinal microbiota on neurodegeneration and ageing associated
cognitive decline” ............................................................................................................ 6
Geraint Rogers (South Australian Health and Medical Research Institute (SAHMRI), Australia)

[Chair = Shizunobu Igimi (Tokyo University of Agriculture, Tokyo)]
2. “Gut microbiota essential for insect survival — origin, function and evolution” «------orrooeeeeeeees 12
Takema Fukatsu (National Institute of Advanced Industrial Science and Technology (AIST), Tsukuba)

13:15 ~ 17:30
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[Chair : Kikuji Itoh (The University of Tokyo, Tokyo)]
1. “Harnessing translational approaches to fight the trans-generational transmission of stress” - 18
Tamar L. Gur (The Ohio State University College of Medicine, USA)

[Chair : Satoshi Hachimura (The University of Tokyo, Tokyo)]
2. “High sugar disrupt gut commensal immunity and induce metabolic syndrome” «--+--+--+-+-- 23
Yoshinaga Kawano (Keio University School of Medicine, Tokyo)

[Chair : Hiroshi Ozaki (The University of Tokyo, Tokyo)]
3. “Development of novel therapeutics for intractable vascular diseases through elucidation
Of the pathogenesis focusing on gut dysbiosis” ............................................................... 29
Yoshikazu Nakaoka (National Cerebral and Cardiovascular Center Research Institute/Hospital, Osaka)

— 15:10 ~ 15:30 Break —

[Chair : Toshifumi Ohkusa (Juntendo University School of Medicine, Tokyo)]
4_ “Skin microbiome and skin health and diseases” ............................................................... 34
Shigefumi Okamoto (Osaka University Graduate School of Medicine, Osaka)

[Chair : Reiko Shinkura (The University of Tokyo, Tokyo)]
5. “Spatial distribution of “live” gut microbiota and the dynamics of probiotics
at the terminal ileum” ...................................................................................................... 39
Kosuke Oana (Yakult Central Institute, Tokyo)

Discussion [Chair : Shigeru Kamiya (Kyorin University, Tokyo)]



FREZE I & s (24 ) REFIBRBEAR T (205 2 B P B 76 O 522

Geraint Rogers

A —A L7 T7REEEMIET A —-ANTU7

B FEE

19754 A4 F)ADL AZ —|ZTHA L, 19994127 1 Y NT Kk ¥R, 20044 I2F 0 7 -
ALy Y -nay Ry (KCL) 2 TEIVERKMERE O IR YENM EAYE O 50 FUED 7 2B 3 4 145 % IS
L72. 2Dk, KCL, JEEHEMR#ER (HPA : Health Protection Agency). 7 4 — ¥ X J ¥ F K&
il a2 COM LM B2 BT BMERMAEW Y AT A 2O 2 5 TRIzFN T 7u—F
AR L. NS OMAEMEDN L N OMEELIHFAI KT TEELIE L 2. 20134E, 77 L— FIZdh
LEA — A N7 T HREEEIZET (SAHMRD) O~ A 7 1u/Ng F— AZEHM o1 Lo & —
T, EEEBLI O~ Y a— - 7Y ¥ —2AHE7 =0 — (20184E~HfE), £ —A 7)) TEIE
BEEREMERFRAR Y =7V —F 7 20— (20184F~ 20244F) (AT L7ze 7)) ¥ & — ALRMe R B
FEAT DG - ) — & — (2020 ~ 20244F) ZFD. SAHMRI ¥ A4 7 0N A F — A &fEF @R 7' 1
TILT4 L7 Y — (019FE~BFE) ORICH 5o

F 2 wi7e B

09 % — A¥IZIE. SRR - EBARIICH 2 M IEDOREEL ~ 4 7 TaNA F — A ORI
T AHMRILWIIZE 70 7T Lk LT\ b,

Far 5 A 1 B

SHME MR EGIE X, fFEE ~ A 20N F— 2 OMEMEREIET 57200 FE LT HFEOV LD
Thb, ADT7IV—T1E, HEE CHIEAREZ M & KRB LILRE IS B 2 R o REHH#~ 7 o
TA B E ST, HOIRRIRICH T 2 IR AT O R 2 A IR & [F 5 L7z,

7y 5 s 2. BEEYYE

B PRI SR R OBl RS MR O, B X OB EEE R R o BiEIx . IRPTOET L
7ZEREICBT 2L HEMEEG) A7 O PR EBEEL TWh, BBNMR % 2 0 )5 # 2 BFERE R0 K
DWTRERIMLT 2 2 &2k, A2 OBRIE. EHHREL T T2 EEIIBIT 2 KINED PRl ~ —
N —%[[ET A72ODOEELTRML 720

Tur7 753 BEEICBIAMBEEEE T LA

g EOEHBEREDZ L, HHOLHIPH. FFICHAEME 0L BBIUL. BilE 2B 2 BT O
HRRET TS5, RMAFIERENEIR- DAY T /I A - Tu774) 71280,
MRHREWE (FVy I VBRBEIVy -7 3 /HEER) . & 0IEOMEKF (SCFAs). MKAH (L-
TUX=Y) OMAEWEAYED, BATEOERIE) A 7 ORI~ — 7 —2SFHE S iz,

gl i

AR % (X, RSO BRI 2 5288 L ORIEZ A L 72512 & 2 kR H o]
HCEETH L Yo SiE T3, BEEEREOZEL, EBIBOZEL. X OLHIBE (Bt
EWEOLEENE &) REOERICK) . ZREBAME I I 2 =7 1 OBfERL % <



DF I HEFEDTEIANZEED D . T D &) ZALIE. Mk IZHE D 7 L A VAT MO REIIE
REDIK T OFIIZEDRL Z EPHRE SN TV 5D, BIE, TESICPE D MO T2 F )
WZIEBRAEDH L 2 226, BHMEZRI NS D) A7 2558 % KT3I REMEIZ S K2 B
MEELINT WD,

FOH 7 Z EF L FEFZE IS B WL TIER o R, EilnE o AR &« &
LA S, TNV T LA NVRRIEY—H —OE T, Z L CiltkitodisE L 4
WT 2 epWmE sy, o0 AEMANIHT 205 ML, EELBAMETH
% Faecalibacterium prausnitzii X bz WAl 235 4= 3 5 5088 I ik (SCFAs) @ 3
ERCBET LI EDIRENT EHIIC, ERNAEREZGRE LZHOWNZETIX, F
prausnitzii OREANIIMERHE D ARG DT OIBEE & B L T 72 Y,

INHEOMBIHETE, FxlE, A=A T TOERET 7 HiakiZB T, B
LA REOME E BRI AL 72 Yo BRI A 7 7 AEFTE A &7 R0 — LT
DA T 70 —F & v, 1ERIT O GAME B RHED B L OREA T Z—F —
A7 RO — AT 2 TR L 720 ZOFER, A3, IBPHIRIC X D EE SN LA
BAZEWE (VY I VBBIVy - 73 R . £ 0EORAGHET (SCFAs)”.
Faftat (F— b7 7 P —ICAR R L- TIVF=2)Y B L OARRED R (B EE
R - FRABEERE, I =X 7 IVAT A M & HE T 4 ESaE N0y TR &
NBF—A T 7EEDMERRE) OMICHEVEEZ BB L2, s o,
i ER PTAEWEMFRA B L OEFORE > T T ZESE WL L/-ZTLRO LN,
RHESIEY) A7 DEWEETR— N TINS OFEMEZ BT L 728 %, SCFAs ©
1 CHLBBROBELEREE T VI NA R —IROZH~— D —THALIWMNOT7T I 014 KD
58\ B E SRR H L7z,

K VRTITAIIBWT, OY v — A, I I2PE D AR T 12 B MR 2352
B LAN A LORIHMARL~ A 7 0/NA F— L% & L 72RBAE ) A 7 AR EETRE 12
DNk 3 %o

2 3CHK

1. Shoubridge AP, Choo JM, Martin AM, Keating DJ, Wong ML, Licinio J, Rogers GB. The gut
microbiome and mental health: advances in research and emerging priorities. Mol Psychiatry.
2022 Apr;27(4):1908-1919. doi: 10.1038/s41380-022-01479-w.

2. Ghosh TS, et al. Mediterranean diet intervention alters the gut microbiome in older people
reducing frailty and improving health status. Gut. 2020;69(7):1218-1228.

3. Jackson MA et al. Signatures of early frailty in the gut microbiota. Genome Med. 2016;8(1):21.

4. Carpenter L, Shoubridge AP, Flynn E, Lang C, Taylor SL, Papanicolas LE, Collins J, Gordon
D, Lynn DJ, Crotty M, Whitehead C, Leong LEX, Wesselingh SL, Ivey K, Inacio MC, Rogers
GB. Cohort profile: GRACE - a residential aged care cohort examining factors influencing
antimicrobial resistance carriage. BMC Geriatr. 2023 Aug 28;23(1):521. doi: 10.1186/s12877-023-
04215-3.

5. Dalile B, et al. The role of short-chain fatty acids in microbiota-gut-brain communication. Nat



Rev Gastroenterol Hepatol. 2019;16(8):461-478.

6. Shoubridge AP et al. Gut Microbiome Regulation of Autophagic Flux and Neurodegenerative
Disease Risks. Front Microbiol. 2021 Dec 23;12:817433. doi: 10.3389/fmicb.2021.817433.

7. Shoubridge AP et al. Severe cognitive impairment is linked to a reduced gut microbiome
capacity to synthesise immunomodulators, neurotransmitters, and amino acids required for
autophagy in residents of long-term aged care. medRxiv. 2023; doi.org/10.1101/2023.03.06.2328
6878.



The influence of intestinal microbiota on neurodegeneration and ageing
assoclated cognitive decline

Geraint Rogers
South Australian Health and Medical Research Institute, Australia

Brief curriculum vitae

Born in Leicester, United Kingdom (1975), Geraint Rogers graduated from the University
of Edinburgh in 1999, before completing a PhD on the molecular microbiology of chronic
lung infections in cystic fibrosis at King’'s College London (KCL) in 2004. Through subsequent
postdoctoral positions at KCL, the UK Health Protection Agency, and the Department of Mucosal
Immunology, University of Queensland, he went on to develop molecular genetic approaches to
characterizing complex microbial systems and investigated the influence of these microbiota to
human health and disease. In 2013, he was appointed inaugural Director of Microbiome Research
at the South Australian Health and Medical Research Institute (SAHMRI), Adelaide and
Assistant Professor, College of Medicine and Public Health, Flinders University. He was made
Full Professor and a Matthew Flinders Professorial Fellow (2018-present), and a Senior Research
Fellow of the Australian National Health and Medical Research Council (2018-2024). He has served
as the Infection and Immunity Lead for the Flinders Health and Medical Research Institute
(2020-2024) and holds the position of Director, SAHMRI Microbiome & Host Health Program
(2019-present).

Major Fields of Study
Professor Rogers’ leads a broad research program studying the influence of relationships
between the microbiome and host health across diverse clinical and physiological contexts.

Program 1. Chronic lung disease. Polymicrobial lung infections remain among the principal

contexts for the study of host-microbiome interactions. Our group has identified specific
microbial predictors of response to core therapies, including long-term immunomodulator

macrolide therapy in both severe uncontrolled asthma and bronchiectasis. Program 2. Acute

infectious disease. Disruption of intestinal microbiome structure, depletion of obligate anaerobic

commensal clades, and proliferation of facultative anaerobes within the gut, are associated
with increased risk of systemic bacterial infection in vulnerable individuals. By stratifying gut
microbes based on their broad functional characteristics, our work has provided a platform for
the identification of predictive markers of sepsis in those receiving intensive care. Program 3.

Neurodegeneration and frailty in later life. Altered host physiology, exposure to polypharmacy,

and in particular, a high antibiotic burden, result in a progressive depletion of gut microbiome
commensal functionality in later life. Metagenomics profiling of long-term residential aged care
cohorts has resulted in identification of specific markers of increased dementia risk, including

microbial production of neurotransmitters (glutamate and gamma-aminobutyric acid), regulators



of systemic immunity (SCFAs), and cellular metabolism (L.-arginine).

Abstract

The intestinal microbiome plays a critical role in the regulation of neurophysiology
via a combination of direct neuronal innervation and immune-mediated mechanisms”.
In later life, factors such as changes in intestinal physiology, dietary patterns, and
exposure to polypharmacy (including a high antibiotic burden), lead to a depletion of
commensal bacterial communities and the loss of many of these beneficial functions.
These changes have been shown to predict ageing-associated frailty and progressive
cognitive decline. Given our current limited ability to predict or prevent ageing
associated neurodegeneration, there is considerable interest in the potential for the
gut microbiome to represent a modifiable risk mediator.

In a multinational breakthrough study, adherence to dietary modification alone
for one year was associated with significant shifts in gut microbial ecology for older
individuals, a reduction in markers of frailty and inflammation, and an improvement
in cognitive function”. Response to the dietary intervention was shown to be strongly
associated with increases in the prevalence of important commensal species, such
Faecalibacterium prausnitzii, and increased microbial production of short-chain fatty
acids (SCFAs). In a separate study in elderly twins, F. prausnitzii prevalence was
shown to be associated with later and less rapid age-associated decline”.

Our group built on these studies by relating intestinal microbiology to cognitive
function in long-term residential aged care in Australia”. Gut microbiome features
were determined through integrated metagenomic and metabolomic approaches,
while circulating levels of microbial metabolites and inflammatory mediators
were assessed through metabolomic analysis. Using this approach, we i1dentified
significant associations between greater capacity for microbial synthesis of
neurotransmitters (glutamate and gamma-aminobutyric acid production), and
regulators of systemic immunity (SCFAs)” and cellular metabolism (L-arginine,
essential for autophagy)® and preservation of cognitive function (Psychogeriatric
Assessment Scale - Cognitive Impairment Scale, and Australian standardized
cognitive test for use in aged care settings that correlates with the Mini Mental State
Examination)”. These relationships were independent of age, sex, antibiotic exposure,
and diet, and persisted following correction for multiple testing. Further exploration
of these relationships in a cohort of younger individuals who were 1dentified as at
increased risk of dementia development showed significant associations between the
capacity for microbial biosynthesis of the SCFA butyrate and brain amyloid levels,
the diagnostic marker for Alzheimer’'s disease.

During this meeting, Professor Rogers will discuss his group’s most recent insights
into the mechanisms by which intestinal microbiology influence ageing-associated



cognitive decline and opportunities for microbiome-targeted risk reduction strategies.
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Gut microbiota essential for insect survival —
origin, function and evolution

Takema Fukatsu
Bioproduction Research Institute, National Institute of Advanced Industrial Science
and Technology (AIST)
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Graduate School of Life and Environmental Sciences, University of Tsukuba

Education

1989 B.Sc. Department of Zoology, University of Tokyo, Japan
1991 M.Sc. Department of Zoology, University of Tokyo, Japan
1994 Ph.D. Department of Zoology, University of Tokyo, Japan

Career History

1995-1998 Researcher, National Institute of Bioscience and Human-Technology (NIBH), Japan
1998-2001 Appointed Researcher, National Institute of Bioscience and Human-Technology (NIBH),
Japan

2001-2004 Senior Research Scientist, National Institute of Advanced Industrial Science and
Technology (AIST), Japan
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Japan
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Tsukuba, Japan

2011-present Professor, Graduate School of Life and Environmental Sciences, University of
Tsukuba, Japan

2005-2010 Professor, Department of General Systems Studies, University of Tokyo, Japan
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2020-2022 President, the Society of Evolutionary Studies, Japan

Abstract

Organisms in the natural world survive not only in the surrounding physical
environment, but also in close association with a wide range of other organisms. This
means that while individual organisms form part of an ecosystem, when the diverse
microbial communities within their bodies are included, each organism can be seen as
a compact ecosystem.

Most animals have a digestive tract and live by feeding, digesting, absorbing,
metabolizing and excreting. The gastrointestinal tract is a stable environment with a
regular supply of abundant nutrients and is invariably inhabited by microorganisms.
It 1s no exaggeration to say that being an animal means having a gut microbiota.

The potent capabilities of microorganisms such as chemical production,
decomposition and modification not only play an important role in the ecosystem
but have been utilized in a variety of ways in human societies. In recent years, in
particular, it has become clear that intestinal bacteria are deeply involved in human
health of both physical and mental aspects, which attract much attention to the
diverse biological functions of bacteria within organisms, 1.e. symbiotic bacteria.

Insects represent the majority of the biodiversity described so far and are
the core group of organisms in the terrestrial ecosystem. Most of them harbor
microorganisms in their bodies, which 1s termed as ‘endosymbiosis’, a symbiotic
relationship established in an ultimate spatial proximity, resulting in an extremely
high degree of interactions and interdependence. New biological functions are often



created from such relationships. In many cases, symbiotic microorganisms and host
insects almost become one and build a complex as if they were a single organism.
This 1s also the case in gut symbioses.

What new biological functions and phenomena emerge from symbiotic
relationships? How does symbiosis lead to the integration of genomes and functions
of different organisms into a single living system? What are the significance and
costs of living together? What happens when the individual and the individual, the
self and the non-self, merge?

This time, I will talk about the evolution and mechanisms of various environmental
adaptations of insects enabled by symbiosis with microorganisms, with a particular
focus on advanced gut symbiosis.
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Abstract

Background

Exposure to prenatal stress has long term consequences on offspring including
aberrant gut microbiome and increased behavioral abnormalities. Our previous
preclinical work pinpoints the maternal microbiome and the chemokine CCL2 as key
mediators of long term neuroinflammation and reductions in social behavior. Here
we address whether disrupted maternal gut microbiome extends into a prospective
cohort study, and i1dentify a key role for CCL2 in both clinical and preclinical work.
Methods: Clinical Study: A prospective longitudinal study (N=38) was performed
in the peripartum period with maternal fecal and vaginal swabs and cord blood
collected. Assessment included measures of perceived stress (PSS), anxiety, depression
(CESD). PacBio full-length 16S rRNA sequencing was used to identify microbial
communities. Preclinical Study: Intra-amniotic injections of recombinant CCLZ2
or saline were performed on E16.5. Concentration of CCLZ2 in maternal and fetal
tissues was measured by ELISA. Social behavior was measured in adulthood in the
3-chamber social approach paradigm.

Results

Clinical: During the 2nd trimester, perceived stress was associated with increased
relative abundance of several opportunistic fecal taxa, including the Prevotellaceae
family (r=0.534, p=0.015), Sneathia (r=0.530, p=0.016), and Atopobium (r=0.459,
p=0.042). Additionally, depressive symptoms were associated with increased relative



abundance of the phylum Synergistetes (r=0.461, p=0.041). At delivery, depressive
symptoms were associated with increased relative abundance of opportunistic microbe
Sneathia (r=0.710, p=0.001) and decreased relative abundance of the short chain fatty
acid producer Peptoniphilus (r=-0.440, p=0.068). Furthermore, relative abundance of
the beneficial commensal microbe Lactobacillus at delivery was negatively correlated
with umbilical cord concentration of CCL2 (n=13, r=-0.724, p=0.012).

Preclinical: Following injection of CCLZ into the amniotic sac, CCL2 was increased
in the fetal plasma, fetal liver, and fetal brain (n=6-7; p < 0.001. Female offspring
exposed to CCLZ demonstrated increased neuroinflammation in prefrontal cortex
(CCLZ2, TNF a ; n=6-7; p<0.05) and did not exhibit social preference (n=6-7; p = 0.134),
in contrast to the control group (n=6-7; p = 0.00029).

Conclusion

We found stress and depressive symptoms to be associated with increased relative
abundance of opportunistic pathogens. In addition, depressive symptoms, but
not stress was associated with lower relative abundance of butyrate-producing
genera 1n the fecal microbiome. In concordance with previous literature, we found
umbilical CCL2 concentration to be negatively correlated with relative abundance
of fecal Lactobacilli. Taken together, these findings underscore previous preclinical
and clinical work demonstrating the effects of prenatal stress on the maternal
microbiome and extend the literature by offering several taxa which may serve a
critical role in this relationship. Leveraging preclinical and clinical research can
expedite our mechanistic understanding of how prenatal stress is transmitted to the

next generation.

Unique Data

I will present unpublished data on the relationship between CCLZ2 and lactobacillus
in a human study, as well as the relationship between stress and depression and
pathogenic taxa in pregnant people. Unpublished data on depressive symptoms and
butyrate-producing microbes will also be presented.
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Abstract

The regulation of the quality in gut immune system via gut bacteria is a key
mechanism for the achieving diabetes remission outcome. While it has become clear
that gut bacteria regulate host metabolism, we previously reported the concept
of [Obesity-related Gut Chronic Inflammation] in 2016, as an early pathological
mechanism of Metabolic Syndrome (Kawano Y et al. 2016. Cell Metabolism)”. That
1s the concept that early in the process of obesity and diabetes development, gut
immune cells shift from anti-inflammatory to inflammatory responding to the high
fat diet and dysbiosis, which leads to gut barrier dysfunction, leading to the chronic
inflammation in adipose tissue and liver, and causes systemic insulin resistance. Not
all of gut bacterial species control gut immune cells. Some specific bacterial species
control the quality and quantity of intestinal immune cells. The intestinal tract is
originally an anti-inflammatory organ. It is well known that one of the bacteria
known to be a particularly potent regulator of commensal intestinal immunity
1s SFB (Segmented Filamentous Bacteria) SFB is a unique bacterium that attach
intestinal epithelial cells and transports antigens to T cells in the intestinal mucosa
by MATE (microbial adhesion-triggered endocytosis), inducing antigen-specific, anti-
inflammatory Th17 cells in the small intestine. SFB-induced Th17 cells are anti-
inflammatory and enforce the intestinal barrier, however, the role of SFB-Th17 cells
in systemic glucose and energy metabolism was unknown. We reported that SFB-
Th17 cells have anti-obesity and diabetes effects and these homeostasis are disrupted
by high sucrose (Kawano Y et al. 2022. Cell)”. Interestingly, these high sugar-induced
reduction of SFB did not occur in SFB mono-colonized mice, in which only SFB was
established in a germ-free environment. This data suggested that high sucrose reduce
SFB in a dependent of the other intestinal bacteria than SFB. Among the intestinal
bacteria that is increased on a high sucrose/high fat diet and a high sucrose water,
we focused on the species of bacteria called Frod (Faecalibaculum Rodentium),
which showed the greatest change in response to high sucrose. We conducted the
experiments in which SFB and Frod were co-established in Germ-free mice. The
results showed that under high sucrose, Frod is preferentially increased, inhibiting
SFB colonization and disrupting the maintenance of SFB induced commensal
Th17 cells. This 1s the mechanism by which high sucrose disrupts the homeostatic
mechanisms of intestinal bacteria and intestinal immunity.

The best dietary treatment for diabetes has not yet been established. Homeostatic
Th17 cells also maintain their function up to a certain sucrose concentration without
their homeostasis being impaired. This suggest that there is a certain threshold
for an optimal sucrose concentration. In the future, it is expected that setting an
appropriate sucrose intake level that enables people to stay healthy and maintain
healthy intestinal bacteria and intestinal immunity. Investigating for probiotics



that work to maintain intestinal immune homeostasis under an appropriate sugar
environment, will be one of the therapeutic strategy for overcoming obesity and
diabetes.
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(Hashimoto-Kataoka et al. PNAS 2015, Yaku et al. Criculation 2022, Ishibashi et al.
PNAS 2024) o
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R S 7z (Asano et al. manuscript in preparation). BpPIMIEFELZE L ZUIZHESD
AHR v 7+ IV ornEx #4252 & T, PHIZH T 58 L WIAEEOREIZENL Z &
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Abstract
Introduction

The gut microbiota has been shown to correlate with the onset and exacerbation
of various diseases by influencing host metabolism and immunity. One of the most
well-known metabolites derived from the gut microbiota in the field of cardiovascular
disease 1s trimethylamine N-oxide (TMAO), a gut-associated metabolite of
phosphatidylcholine and carnitine derived from dietary components. TMAO
has received a great deal of attention due to its association with atherosclerosis,
aortic aneurysm, renal disease, and heart failure. In this presentation, I would
like to introduce the relationship between intestinal microbiota alteration and the
pathogenesis of intractable vascular diseases such as pulmonary hypertension and
Takayasu arteritis, and the attempts toward novel diagnostics and therapeutics
based on this relationship.

1. Alteration of intestinal microbiota and aortic aneurysm formation in Takayasu
arteritis

Takayasu arteritis (TAK) is an intractable disease designated by Ministry of



Health, Labour and Welfare in Japan. TAK is frequently observed in young women
in Japan and other East Asian countries. TAK causes inflammation of aorta and
1ts primary branches, leading to vascular complications such as aortic aneurysms
and aortic regurgitation. Although high doses of steroids can bring TAK patients
into remission, more than half of them relapse during the steroid-tapering process.
We have been working on the development of a new treatment for patients with
TAK refractory to steroid therapy, and have found that tocilizumab, a monoclonal
antibody targeting the receptor for inflammatory cytokine interleukin-6 (IL-6), may
be effective for the steroid-resistant TAK patients from clinical trials (Nakaoka et
al. Ann Rheum Dis 2018, Nakaoka et al. Rheumatology (Oxford) 2020, Nakaoka et al.
Rheumatology (Oxford) 2022). Based on the above findings, tocilizumab was approved
by the Japanese health authorities for TAK in 2017 and is now available in clinical
practice. One problem with tocilizumab treatment is that inflammatory markers
that serve as biomarkers in blood tests can become negative due to the pharmacologic
effects of tocilizumab and no longer serve as therapeutic markers; relapse of TAK can
only be carefully monitored by subjective symptoms and regular imaging tests. Thus,
we would like to develop a novel biomarker to effectively predict the risk of aortic
aneurysm and aortic regurgitation in TAK patients. Comparing the gut microbiota
of the patients with TAK and healthy controls, we found a significant increase of the
oral commensal bacterium Campylobacter gracilis in patients with TAK compared
to healthy controls. The increase in Campylobacter gracilis was strongly correlated
with the use of proton pump inhibitors (PPIs), which are administered to prevent side
effects of drugs associated with TAK, and the incidence of aortic aneurysm formation
and progression-related events was significantly higher among the TAK patients
taking PPIs than among those who were negative for Campylobacter gracilis (Manabe
et al. Arthritis Res Ther 2023). Based on these results, we launched a validation study
group is collaborating with the 23 medical centers of JPVAS study group to examine
the association between Campylobacter gracilis and aortic aneurysm formation,
including verification of whether PPI oral administration is necessary for TAK
patients.

2. Role of gut microbiota alterations and aromatic hydrocarbon receptor signaling
in the pathogenesis of pulmonary hypertension

Pulmonary hypertension (PH) is an intractable disease, designated by the MHLW,
that causes stenosis or obstruction of distal pulmonary arteries (small arteries) due
to unknown cause. We have reported that a signaling axis consisting of IL-6 and
its downstream Thl7 cells and Thl17 cell-derived IL-21 plays a central role in the
pathogenesis of PH (Hashimoto-Kataoka et al. PNAS2015, Yaku et al. Circulation
2022, Ishibashi et al. PNAS2024). We focused on the aryl hydrocarbon receptor



(AHR), a transcription factor with an important role in Th17 cell differentiation,
and found that AHR has an essential role in the pathogenesis of PH (Masaki et al.
PNAS 2021). AHR is also known as dioxin receptor and serves as a chemical sensor
for organic chemical toxins in the environment which is responsible for induction
of detoxification metabolic enzymes. However, the ligands for AHR and the sources
remain unknown. We hypothesized that gut microbiota might be involved in the
production of AHR ligands derived from diet. We investigated the gut microbiota
in the PAH model rats and the PAH patients using 16S metagenomic analysis. Both
PAH model rats and patients displayed gut dysbiosis compared to the respective
controls. The pathophysiology of PAH mode rats significantly improved in the rats
treated with antibiotic cocktails to reduce gut microbiota. Furthermore, in the 89
patients with PAH, the prevalence of Veillonella, Streptococcus, Rothia, and other
oral bacteria increased, whereas Alistipes, Subdolignulum, and other butyrate
producing bacteria decreased, compared with the 82 healthy controls. The ectopic
colonization of oral bacteria in the gut significantly correlated with the severity of
PAH and independently associated with poor prognosis. Next, we transferred fecal
microbiota from the PAH patients (PAH-FMT) and healthy controls (HC-FMT) to
germ free rats. PAH-FMT rats showed exacerbated monocrotaline-induced PAH
pathophysiology along with increased AHR activation, compared to HC-FMT rats.
These results indicate that AHR signaling in the intestinal tract is enhanced in PH
patients and PH model animals. In addition, oral administration of an AHR inhibitor
to patients” FMT rats improved PH pathology, suggesting that PH patients have
an altered intestinal microbiota in which oral commensal bacteria increase in the
intestinal tract, resulting in enhanced AHR ligand production in the intestinal tract
due to their migratory colonization (Asano et al. manuscript in preparation). Take
together, controlling the alteration of the intestinal microbiota and the associated
increment of AHR activity might lead to the development of novel therapies for PH.
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Abstract

Microbiome exists not only in the gut, but also in the oral cavity, nasal cavity,
respiratory tract, reproductive and urinary tracts, and skin. The microbiome in skin
1s present throughout the skin, although the number of bacteria per unit area is
smaller at 10°/cm® compared to the microbiome in gut and oral cavity. Immunology
textbooks state that the skin acts as a barrier to protect against foreign substances
and pathogens from outside, and that the skin microbiome acts as a biological
barrier, but until the beginning of this century, it was almost a mystery how the
skin microbiome relates to health and disease in human. With the recent progress in
next-generation sequencing (NGS) analysis, the composition of skin microbiome has
been revealed, and the relationship between the maintenance of skin homeostasis,
and various skin diseases caused by its modulation is gradually becoming clear. For



example, 1t has been strongly suggested that pathological changes in the composition
of the skin microbiome (dysbiosis) may be involved in the onset of psoriasis vulgaris
and atopic dermatitis. In this context, we have carried out the following research on
the skin microbiome.
1. A method for easily and accurately collecting a large amount of skin microbiota

The number of bacteria in the skin microbiome is overwhelmingly smaller than
that in gut and oral cavity, making 1t difficult to collect the necessary number of
bacteria for accurate microbiome analysis. The typical method for collecting skin
microbiota 1s the “swab method,” in which a sterile cotton swab 1s rubbed against
the skin. However, we have developed a “tape-strip method,” which can collect more
bacteria than the swab method while collecting bacteria with the same accuracy as
this method. This method makes it possible to accurately measure the composition of
the microbiota in dry, smooth skin areas.
2. Relationship between the onset of pressure injury and post-pressure injury

infections and the skin microbiota

Pressure injury (PI) and post-PI infections are a problem, especially in bedridden
elderly people. We investigated how the skin microbiome in the sacral region of
bedridden elderly people, who are prone to developing PI and post-PI infections,
differs from that of healthy young people and independent elderly people of the
same age as the bedridden elderly people. In this study, we found that the skin
microbiome of bedridden elderly people had an increased alpha diversity compared
to other groups and a significant difference in beta diversity. Cutibacterium almost
disappeared in bedridden elderly people, and the presence ratios of Staphylococcus and
Corynebacterium increased. Furthermore, when we investigated the skin microbiome
of healed PI, we found that more than 80% were Staphylococcus, and that patients
with a healed skin microbiome dominated by two species, S. aureus and S. caprae,
were more likely to develop recurrent PI. Although the mechanism of this onset is
still unclear, it was suggested that dysbiosis of the skin microbiome is involved in the
onset of PI.
3. Changes in the skin microbiota due to HIV infection

HIV infection gradually kills human CD4" T cells and macrophages, resulting in
impaired adaptive immune responses. It is known that HIV infection causes changes
in the intestinal microbiota, but the changes in the skin microbiota have not been
clarified. In a collaborative study with the University of Yaoundé I in Cameroon, we
investigated changes in the skin microbiome due to HIV infection in Cameroonians.
The results showed that the skin microbiome of HIV-infected individuals had higher
alpha diversity and different beta diversity than healthy individuals. Furthermore,
the skin microbiome of HIV-infected individuals showed a decrease in Cutibacterium
bacteria, like that of bedridden elderly individuals. It is speculated that these changes



may be related to the development of prurigo, Kaposi's sarcoma, and other skin
lesions in HIV-infected individuals.

In this presentation, I would like to discuss the relationship between the skin
microbiome and skin health/disease that has been clarified, focusing on the above
research results, and the direction of future study.
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Abstract

Since 2014, Yakult Central Institute, in collaboration with Hirosaki University,
Graduate School of Medicine, Department of Gastroenterology, Hematology and
Clinical Immunology, has been engaged in the study of gut microbiota using
endoscopic methods. In this presentation, we will discuss our findings on the spatial
distribution of “live” gut microbiota in different regions of the colon, as well as the
dynamics of probiotics in the terminal ileum.
1. Spatial distribution of “live” gut microbiota in various parts of human large

intestine

Considering that the right and left sides of the human large intestine exhibit
differences in vascular regulation, neural distribution, and physiological function, it
1s expected that the gut microbiota and their metabolite composition will also differ.
Although metabolites are produced by “live” bacteria, there is limited information on
the “live” gut microbiota in each region of the colon. In this study, intestinal contents
and mucosal swabs were collected endoscopically from the ascending colon, descending
colon, and rectum of healthy adults. In addition to conventional meta-16S gut
microbiota analysis, which does not differentiate between live and dead bacteria, a cell
membrane-permeable agent, propidium monoazide (PMA), was used for live bacteria-
specific meta-16S gut microbiota analysis. The results of gut microbiota analysis
using luminal contents, including live and dead bacteria, showed no significant



differences between sites in the colon. However, when focusing on live bacteria, the
percentage of Lachnospiraceae decreased from the ascending colon toward the rectum.
In the mucosal swab analysis, reflecting mucosa-associated microbiota composition,
the percentage of Enterobacteriaceae was higher in the rectum than in other sites,
which was particularly among in the live bacteria. Analysis of bile acid metabolism
by gut bacteria showed that deconjugation of primary bile acids was almost
completed in the ascending colon in all subjects. The conversion rate to secondary
bile acids increased toward the lower colon. The percentage of secondary bile acids
was significantly higher in samples where the live-specific gut microbiota analysis
detected bacteria carrying the gene cluster for 7a-dehydroxylase, responsible for
converting secondary bile acids. Thus, the “live” gut microbiota is associated with
metabolites, suggesting its potential utility in understanding the relationship
between the gut microbiota and human health or disease states.

2. The dynamics of probiotics at the terminal 1leum

Understanding the dynamics of probiotics in the gastrointestinal tract is crucial
for elucidating their physiological effects on the gut microbiota and the host. Despite
various findings from previous studies using fecal samples, many aspects of probiotic
dynamics in the gastrointestinal tract remain unknown. In particular, the impacts
of probiotics on the gut microbiota in the small intestine and their viability during
passage through this region have not been fully investigated. In this study, the
Endoscopic Retrograde Bowel Insertion (ERBI) method was used to evaluate the
dynamics of probiotics in the terminal ileum by implanting a double-walled tube
with a balloon into the terminal ileum and continuously collecting ileal fluid after
the ingestion of probiotic products. Fermented milk containing Lacticaseibacillus
paracaser strain Shirota (L.eS*) or Bifidobacterium breve strain Yakult (BbrY) was
used as the probiotic product. The results showed that the ingested Lc¢S and BbrY
reached the terminal ileum approximately two hours after ingestion and constituted
more than 90% of the bacterial flora for several hours. In addition, of the bacteria
that reached the terminal ileum, approximately one billion were found to be capable
of colony formation. This study suggests that certain probiotics can reach the
terminal 1leum alive and continuously stimulate host cells.
* Formerly Lactobacillus caset strain Shirota
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