E34EBEAT7O—F RO L
The 34th Symposium on Intestinal Microbiota, Tokyo, 2026

BA7O0—-5ERE - LI F—

Intestinal Microbiota : Diet and Allergies

mAEAEHER

Abstracts

H B SM8EFE10A23H(®) 10:00~17:30
Date . Friday, October 23, 2026 Time :10:00 - 17:30
Y Fi Za—E7R—I (RERLEXBEF 1-11-1)
Venue . New Pier Hall (1-11-1 Kaigan, Minato-ku, Tokyo)
x E RBAEEAVYIILEN - N FYA T2 AMERE
Organizer . Yakult Bio-Science Foundation
% FE X OB OB %A
Support . Ministry of Education, Culture, Sports, Science and

Technology - Japan



7 O J 5 LA

£ BT O E 10:00~12:00

FTEERE
X B Kk ¥
i C & I

F3hlFEE 1

FrRlIEETE 2

A XX BEBHEBEAY Z Vb - N, A =0 AR BEE

EEA

ek EBRE)

JER - Mk (B MORER)

[EBRBHE T A TOINA T —La] oo 3
Fran Elinav (7 4V~ Y EBHEIZeT A AF TV, FAURAGEELY ¥ — N4 YY)

B LT OOR)
(BT O—5 7 LI F— BEETASBETOBDM? ] oo 7
BRSO (ESLRAHE R 5 —)

F#% O 13:15~17:30

TAADYY3Y

BR7O0—-ZERE
JEE W R GREUREE)
b IEE CGREOREE)

[RBETA/7ONAF—LBEICHET/=BE - MEMBEIERORRR] e 13
Sin-Hyeog Im (JHIH TRFKS:  HE)

(RS I K B EERE/NY FEI & FDEIBEEIERTE | - vveeerrrrrreerrrrremmnnreeannnes 18
B M= GREORSAERERIZERT)

[T A RMEEICERE E MY DREAEDPIET | e 2
Hlr AR CUNRSFAREEBE R 2A e be )

— K% 15:10~15:30 —

fAR7O—Z&7LILE—
JERE KRB R (R ERS)
FH OEAN (Y27 AR ZERT)

[BR70—5ERMPLILE— T - ARAOBRRE T 7O—F | e 27
WA BT (EREERIIEL Y 5 — 7 L LF—t s 5 —)
AR AR (BRI B

[FEEERME LB EIBAMIBTEE | oo oovrrrrrrrrrmrrmrrr e 36
IEH T (v T a/hNEmREEREY Yy — T A )
(ERT7O—SE/NROTLILE—  JFR— NREDDDHEIE -oovrreerrremmreemneean. 43

T B (TERAEATMIERE 7L VvF—tr 5 —)



PROGRAM

10:00 ~ 12:00

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)

Keynote Lecture 1:
Chair : Shigeru Kamiya (Kyorin University, Tokyo)

“On precision dieting and the microbiome” ..................................................................
Eran Elinav (Weizmann Institute of Science, Israel | German Cancer Research Center (DKFZ), Germany)

Keynote Lecture 2:
Chair : Reiko Shinkura (The University of Tokyo, Tokyo)

“Gut microbiota and allergy: what's happening inside the gut?” «---:oeeeeeerereieni..

Ichiro Nomura (National Center for Child Health and Development, Tokyo)

13:15 ~ 17:30

Symposium 1: Intestinal Microbiota and Diet
Chair - Satoshi Hachimura (The University of Tokyo, Tokyo)
Chair : Masatoshi Hori (The University of Tokyo, Tokyo)

1. “Decoding host-microbe interactions for precision microbiome therapy” ---------ssseeeeeeenee

Sin-Hyeog Im (Pohang University of Science and Technology (POSTECH), Korea)

2. “Microbiota-mediated regulation of the mucosal barrier: physiological significance” --+--+-++

Koji Hase (The Institute of Medical Science, The University of Tokyo, Tokyo)

3. “Insights from Asian gut microbiomes: symbiotic relationships between diet and microbes” ---

Jiro Nakayama (Faculty of Agriculture, Kyushu University, Fukuoka)

Discussion

—15:10 ~ 15:30 Break —

Symposium 2: Intestinal Microbiota and Allergies
Chair ° Toshifumi Ohkusa (Juntendo University School of Medicine, Tokyo)
Chair : Yasuto Yoshida (Yakult Central Institute, Tokyo)

1. “Gut microbiota and food allergy: clinical approaches for prevention and treatment”---------

Kiwako Yamamoto-Hanada (Allergy Center, National Center for Child Health and Development, Tokyo)
Speaker: Makoto Irahara (Tokushima University Graduate School of Biomedical Sciences, Tokushima)

2. “Eosinophilic gastrointestinal diseases and gut microbiome” ----+:-sreseerreerenriiiiiii,

Tetsuo Shoda (Cincinnati Children’s Hospital Medical Center, USA)

3. “Gut microbiota and allergic diseases in children: insights from cohort studies” ««--+++-+++--

Naoki Shimojo (Allergy Center, Chiba University Hospital, Chiba)

Discussion

24



BEREREY /70N F -4

Eran Elinav
TA YR IREETERT A AT TV

K4
Eran Elinav #i% (M.D., Ph.D.)

i@
A AT TN - T4 < YRR ¥ A T A RIESE
KA YA > ¥ — (DKFZ) A 727 0/34 F— LA - HBSAERM

#m - E
LARTr b (A ATIV)

B& FEE

Eran Elinav #i% (M.D., Ph.D.) {&. A AT ZVDT A Y~ VEEEFICBWT [fFE-~ A7
TONA G — M EERMZEE ] 2 283 5L L3112, FAUAMGEE Y % — (DKFZ) O [~ A7
ONA F— 24 - DBAEHM] OFEFEEEZBO T b,  Elinav#dZid, £, 1704+ -4, B
LOBFREOMEEHOSFREEL, TNOIMERES L OEEICRIZTEEOMIHICHIYHATBY,
fEBIMLEERE I & AR LR EFOFER 2 HE L LT\ b,

Elinav #%13. TVH L A - AT T A KREEFIH 2 EFH 2 HE (magna cum laude) THEL, &
Fefe (MD.) ZHUR L7z 20k, WRHEMIMEZET L, 77 ETERY > ¥ —HLEEbst
FTiZ 8\ T Physician-Scientist (FRREFRIFE) & LTEH L7z v TT A v~ Y BRI C
EFOE LS (Ph.D.) ZHUF L. 20, KEA = — VRFEFAHTHLEE (KA 7)) 2%
D720 20214E05 20254 £ TT A Y < Y RFAWIFEIT Y A T AIEFHMEEHO. £72 20214 X0
HERHABIT R P DB ERIZ 2 O T b,

INFCTIREELETN X FEMEEIC 250 LL ORI EHEEL T b, TEIEIZIX, Helen and
Martin Kimmel Award (2024 4F) . German Association of Gastroenterology Ismar Boas Medal (2023
). Landau Prize for Biomedical Research (20184F). Morris Levinson Prize (20164F). Lindner
Prize (20164F).Rappaport Prize for Biomedical Sciences (20154F) . Alon Foundation Award (2012
iF). 7 5 N2 Rosenblatt Award (20114F) 23& b,

01T L DT — F - b a— XEFEFEF (HHMD) BXOTELV&X ) ¥ 5 - A v HHOWEE
B LHE LI HF Y FeAERE (Canadian Institute for Advanced Research:CIFAR) @ 7 =
O— (2B SN TWAS (20174F),

X502, WRINGT-AE%ME  (European Molecular Biology Organization : EMBO, 20164E). K
EfAY=7 » 7 I — (American Academy of Microbiology. 20224F). A YV ENVE =T T3 —-
L4+ RV 7 14— (Leopoldina. 20254F). B L OBIMNBARFT7 77 2 — (European Academy of



Cancer Sciences, 20254) OEHESETH S,

L35

L MOEATERTHD [ A4 70N f F—24 ] &, %58, ARESE, ARICHEET 5
DTN E, SRR ARMEB L OBEBEHROERE NMENMEET AT LI 5T, fAZ:
LOBEOHIICEZE L EHEZ R L Tnb, FEEYA 70N F =2 EDOHESERO
Wikl b MEBOREREESM. S5 ICIIMBEEERIECES L TWwb, TR
. DIERHER R, BPENOE I, RIEERBEOALR 5T BSARCHRAN
RELEIEND,

Elinav (78 Tl BHREREB LIPS F ST 2 —HK0e MEAIZBWT, fEE, <A1
ZUNAF =0, BLXOEFHEKY 7 F VoM TH L 55 G O i % o T
W5 EERT L EIERENE R A DY S & T, A%, B, EAB IO
R, A 7O, F— 2B LTRIET LR T MEBICE T HENES OF
e HIEL T\ b,

ZFO—FlE LT, ADBE LAY T MERIZED L A F T T4 3 7 AN SA
77 4 ~ [Integrated Proteogenomics of HOst-MicrobiomE-Diet (IPHOMED) | %,
YA 7 UINAF— HADOWEE, <A 7 0N, F— 2T AEEOREENISE,. FLTASE
I ARY — L4 (AFHHROBRBIF R =, H—KERL NVORMEE T, JHRFENH
OEFEEICREERE TS 2 &2 MO THREIC L7,

IPHOMED # w5 2 & T, BFENYA 7 0/Nf F— LAHBDOL K FHEREIZS 2 5
KR SFG 2@ L, 2240 R (trans-kingdom) Z#EWT$ 5 /31 F~—H — & FEE
THEELIZ, INSOBEICHT 2 AEFHB L OTHILBREEO RSS2 5235 2
EDTREE T2 Do

E 512, IPHOMED & ATHIEE (AI) XA T4 v 2METHI EICLD, HBEXRE
% (Precision Nutrition) % . fXEMEREAD A% S FIEARHMERE I L CTH ERHW LR
- FI7 70— TN RRESED LD HEL T B

COLI)BEEL NV TOEEL, ~ A4 704 F—ABLXOZORIEEHH L. B
FERICED b MEBO TP iR FEB T LML PSS,



On precision dieting and the microbiome

Eran Elinav
Weizmann Institute of Science, Israel

Name
Prof. Eran Elinav, M.D., Ph.D.

Affiliations
Department of Systems Immunology, Weizmann Institute of Science, Israel

Microbiome & Cancer Division, German Cancer Research Center (DKFZ), Germany

City, Country

Rehovot, Israel

Brief curriculum vitae

Prof. Eran Elinav, M.D., Ph.D. heads the Host-Microbiome Interaction lab at the Weizmann
Institute of Science, Israel and the Microbiome & Cancer division, German Cancer Research
Center (DKFZ), Germany. Elinav focuses on deciphering the molecular basis of host-microbiome-
dietary interactions and their effects on health and disease, with a goal of personalizing medicine
and nutrition. Elinav completed his medical doctor’s (MD) degree at the Hebrew University of
Jerusalem (magna cum laude), followed by a residency in internal medicine, and a physician-
scientist position at the Tel Aviv Medical Center Gastroenterology institute. He received a PhD
in immunology from the Weizmann Institute of Science, followed by a postdoctoral fellowship at
Yale University School of Medicine. From 2021-2025, Elinav headed the Department of System'’s
immunology, Weizmann Institute of Science, and, since 2021, he is an honorary professor at the
University of Science & Technology of China. Elinav has published more than 250 publications
in leading peer-reviewed journals. His honors include The Helen and Martin Kimmel Award
(2024), Ismar Boas Medal of the German Association of Gastroenterology (2023), Landau Prize
for biomedical research (2018), Morris Levinson Prize (2016), Lindner Prize (2016), Rappaport
Prize for Biomedical Sciences (2015), Alon Foundation Award (2012), and the 2011 Rosenblatt
award. Since 2017 he is an HHMI and a Gates Foundation researcher and a fellow at the Canadian
Institute for Advanced Research (2017). Elinav 1s an elected member of the European Molecular
Biology Organization (2016), the American Academy of Microbiology (2022), the German National
Academy of Sciences (Leopoldina, 2025), and the European Academy of Cancer Sciences (2025).

Abstract
Human commensal ecosystems (‘microbiomes’) play critical roles in regulating



our health, by relaying multiple endogenous and environmental signals into the
human body, ranging from nutritional, bio-geographic, and immune-related cues.
Dysregulation of host-microbiome interactions constitutes a critical contributor
to human disease and to healthy aging and age-related diseases, ranging from
cardiometabolic disease, infectious predisposition, inflammatory disease, to even
cancer and neurodegeneration. The Elinav lab pursues mechanisms participating
in the reciprocal regulation between the host, its microbiome and dietary cues in
health and a variety of common human disorders. Using a variety of experimental
and computational technologies, we aims to decode the causal contributions of
diet, the environment and the immune and metabolic systems to microbiome-
contributed human multi-factorial diseases. For example, our metagenome-informed
metaproteomics (Integrated Proteogenomics of HOst-MicrobiomE-Diet, IPHOMED)
pipeline enables, for the first time, to non-invasively, accurately, and simultaneously
quantify microbiome function, host functional responses to the microbiome, and
the dietary exposome at single nutrient resolution. Using IPHOMED, we are able
to decode the causal contributions of diet to microbiome-connected human multi-
factorial diseases, construct trans-kingdom biomarkers, and decode the modulatory
roles of diet and digestion on these processes. As such, integration of IPHOMED
together with Al pipelines enables to progress precision nutrition as a viable modality
in metabolic and non-metabolic human diseases. Such mechanistic understanding
may enable to harness the microbiome, and its modulation, towards precision human

disease prevention and treatment.
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Gut flora and allergies:
What’s happening in the gastrointestinal tract?

Ichiro Nomura
National Center for Child Health and Development,
Division of Eosinophilic Gastrointestinal Disorders, Allergy Center, Tokyo

Biography
a. Year and Place of Birth
1962, Kochi City, Kochi Prefecture, Japan

b. Education
1991: Ph.D. (Medicine), Graduate School of Medicine, Kochi Medical University, Japan

c. Professional Experience
1986: Graduated from Kochi Medical University School of Medicine
1991: Chief Pediatrician, Muroto Central Hospital
1997: Resident in Allergy, National Children's Hospital, Japan
2000: Research Scholar, National Jewish Medical and Research Center, USA
2003-Present: Staff Physician, Department of Allergy, National Center for Child Health and
Development (NCCHD), Japan
2007: Chief Pediatrician, National Hospital Organization Kanagawa Hospital, Japan
2010: Senior Research Scientist, Department of Allergy and Clinical Immunology, Research
Institute, NCCHD
2018-Present: Director, Division of Eosinophilic Gastrointestinal Disorders, Research Institute,

NCCHD; Physician, Allergy Center (concurrent appointment)

d. Major Research Interests
Establishment of disease concepts, elucidation of pathophysiology, and development of
diagnostic and therapeutic approaches for non-IgE-mediated gastrointestinal food allergies,
particularly food protein-induced enterocolitis in neonates and infants, as well as eosinophilic

gastrointestinal disorders (EGIDs).

e.Honors and Awards
2003: AAAAI/Sepracor Excellent Research Award, American Academy of Allergy, Asthma &
Immunology (AAAAI)
2011: Outstanding Presentation Award, Japanese Society of Pediatric Nutrition,
Gastroenterology and Hepatology



2018: Outstanding Oral Presentation Award, American Partnership for Eosinophilic Disorders
(APFED) / American Academy of Allergy, Asthma & Immunology (AAAAI)

2025: Outstanding Presentation Award, Japanese Society of Pediatric Allergy and Clinical
Immunology

2010-2028: Principal Investigator, Ministry of Health, Labour and Welfare Research Program
on Intractable Eosinophilic Gastrointestinal Disorders

2012-2027: Best Doctors in Japan

Abstract
Disruption of the gut microbiota can exacerbate a variety of known diseases.

In recent years, it has become evident that the gut microbiota i1s deeply involved
not only in gastrointestinal diseases but also in a wide range of conditions, including
atherosclerosis, obesity, type 2 diabetes, and the efficacy of cancer immunotherapy.
The success of fecal microbiota transplantation (FMT) for recurrent Clostridioides
difficile infection demonstrates that "medicine targeting gut bacteria as a therapeutic
target" has become a reality.

Research into the gut-brain axis—the relationship between the gut microbiota
and brain disorders—has also progressed rapidly, with associations reported for
depression, autism spectrum disorder, and Parkinson's disease. However, most
of these findings remain at the stage of demonstrated correlation rather than
established causation.

Allergic Diseases and the Gut Microbiota

Discoveries continue to accumulate in the field of allergic diseases as well. The most
significant finding is the concept that "gut microbiota formation in early infancy
substantially determines the subsequent development of allergic diseases." Evidence
supporting a causal relationship has accumulated from both animal experiments
and birth cohort studies, including: the "farm effect," which explains the lower
incidence of allergic disease among children raised in farm environments; research
showing that the gut microbiota composition at 3 months of age can predict future
asthma development; the induction of regulatory T cells by Clostridiales species and
the mechanisms by which they suppress food allergy; and the finding that delayed
maturation of the gut microbiota during the first year of life serves as a common
risk factor for atopic dermatitis, asthma, food allergy, and allergic rhinitis.

What Damages the Gut Microbiota

Given how important the gut microbiota is, modern society is replete with factors
that disrupt it, including: (@ antibiotic use; (@ emulsifiers, artificial sweeteners,
refined sugars, trans fats, and preservatives contained in ultra-processed foods; @)



proton pump inhibitors; @ chronic stress; & sleep disturbances; (6) cesarean section;
and (@ environmental surfactants and PFAS. These environmental changes may be

exerting long-term effects on the immune system.

A Rapidly Increasing Group of New Allergic Diseases: Gastrointestinal Food Allergy

Against this environmental backdrop, three gastrointestinal allergic diseases have
increased rapidly since 2000: chronic-type gastrointestinal food allergy with onset in
the neonatal /early infantile period, Acute FPIES (Food Protein-Induced Enterocolitis
Syndrome), and eosinophilic gastrointestinal disorders. These conditions present
with a pathophysiology distinct from conventional IgE-dependent food allergy, are
thought to be primarily T-cell-mediated, and many challenges remain unresolved in
both diagnosis and treatment.

Neonatal/infantile gastrointestinal food allergy affects approximately 0.2%
of infants, with about one-quarter presenting during the early neonatal period.
Sensitization 1s generally thought to require approximately two weeks to establish;
however, in these cases, sensitization appears to occur in utero, with disease onset
within days after birth. Some fetal MRI studies have revealed prenatal intestinal
abnormalities. Because this disease can present with life-threatening necrotizing
enterocolitis and poor weight gain, it requires careful clinical attention.

Acute FPIES has been increasing sharply since around 2016, with an estimated
incidence of 1-2% among newborns. It 1s curious that this condition is often triggered
by egg yolk—a food composed almost entirely of lipids. Recently, it has also become
apparent that adult-onset FPIES, presenting with sudden abdominal pain and
abdominal distension, is more common than previously recognized.

Eosinophilic gastrointestinal disorders include eosinophilic esophagitis, which
1s more common among white males in Western countries, and eosinophilic
gastroenteritis, which 1s more prevalent in countries such as Japan and shows no
sex difference. The persistent form, which accounts for 656% of cases, causes lifelong
impairment of quality of life, making the development of treatments without
adverse effects an important priority. I will present data showing that most patients
improve with the Rainbow diet therapy that we developed, while also discussing how
hydrolyzed proteins in foods—which are currently not subject to mandatory labeling
requirements—pose a major obstacle to treatment.

It 1s reasonable to imagine that disruption of the gut microbiota is involved in the
development of gastrointestinal food allergy. I will discuss the possibilities this raises
for therapeutic strategies targeting gastrointestinal food allergy.
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Abstract

The intestinal microbiota plays a central role in regulating immune
homeostasis and influences the development of inflammatory diseases, cancer, and
neurodevelopmental disorders, as well as responses to immunotherapies. Growing
evidence indicates that the efficacy of microbiome therapeutics is strongly shaped by
the recipient’'s baseline microbiota. Therefore, comprehensive profiling of the recipient
microbiome should be an essential prerequisite for microbiome-based interventions,
regardless of disease indication. To enable precision microbiome therapy, we developed
two complementary platform technologies. IM.BERT™ a deep learning model trained
on more than 30,000 clinical and metagenomic datasets, enables high-resolution
characterization of microbial composition, functional capacity, metabolic activity, and
host-microbe interactions, thereby enabling prediction of therapeutic responsiveness.
Avatiome™ is an Al-enabled human immune-microbiome platform that integrates
immunophenotyping, single-cell transcriptomics, and functional validation to identify
microorganisms and microbial effectors with defined immunological functions. Using
these platforms, we identified microbial candidates with distinct therapeutic activities
across multiple disease models. IMB002 showed potent immunoregulatory activity in
preclinical models of inflammatory bowel disease and rheumatoid arthritis. IMB001
enhanced anti-tumor immunity and improved responses to immune checkpoint
inhibitors by remodeling the tumor immune microenvironment. In a BTBR mouse
model of autism spectrum disorder, microbiota-targeted interventions demonstrated
that the gut microbial composition profoundly influenced neuroimmune function
and behavioral phenotypes. Administration of specific microbial strains or fecal
microbiota transplantation restored brain-resident T-cell homeostasis, normalized
microbiota-derived metabolites, particularly in the glutamate and GABA pathways,
and improved behavioral outcomes. We further identified microbial effector molecules
capable of recapitulating the therapeutic functions of their corresponding bacterial
strains. These findings support a transition from empirical microbiome interventions
to precision microbiome therapy, in which therapeutic selection 1s guided by
quantitative analysis of the recipient’s microbiota and immune status.
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Abstract

Secretory IgA not only prevents the attachment and invasion of pathogens and
foreign antigens across the intestinal epithelium but also contributes critically to the
maintenance of gut microbiota homeostasis. Indeed, individuals with selective IgA
deficiency have an increased risk of infectious, allergic, and autoimmune diseases.
Moreover, genetic polymorphisms in the polymeric immunoglobulin receptor (pIgR),
which mediates the transport of dimeric IgA to the mucosal surface, have been
associated with inflammatory bowel disease. Thus, secretory IgA serves as a frontline
defense at mucosal surfaces and 1s essential for protection against immune-mediated
and allergic diseases.

Follicular helper T (Tfh) cells play a central role in the induction of IgA responses.
Although Peyer’s patches contain abundant Tth cells, the environmental factors that
promote their differentiation have remained poorly understood. We found that the
diet-commensal microbiota axis promotes Tfh cell differentiation in Peyer’s patches
and thereby induces intestinal IgA responses. Specifically, dietary soy increases the
abundance of particular bacterial species, including Limosilactobacillus reuteri and
Murtbaculum intestinale, in the mouse small intestine. L. reuteri provides a cognate
antigen recognized by the T-cell receptor, whereas M. intestinale induces 1L-1
production by dendritic cells. Thus, these bacterial species function, respectively, as
a natural vaccine and adjuvant, promoting Tfh cell accumulation in Peyer’'s patches
and ultimately enhancing the production of high-affinity IgA. Interestingly, the
IgA clones generated through this mechanism are polyreactive and contribute to
protection against previously unencountered mucosal pathogens.

On the other hand, IgA responses that are essential for mucosal defense can
contribute to diseases such as IgA nephropathy when their regulation is disrupted.
In this presentation, I will discuss our latest findings on the molecular mechanisms
underlying microbiome-driven intestinal IgA responses and their dual roles in host
defense and disease pathogenesis.
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Abstract
The human gut microbiome contains a collective gene repertoire approximately
100 times larger than the human genome, providing an enormous metabolic capacity



for processing diverse dietary components. Understanding how this microbial
community metabolizes food and contributes to human health remains one of
the central questions in microbiome research. Throughout human evolution, the
symbiotic relationship between humans and their gut microbiota has likely co-evolved
with changes in dietary environments. Today, however, rapid nutritional transitions,
including increasing disparities between overnutrition and undernutrition, declining
adherence to traditional diets, reduced dietary fiber intake, increased consumption
of high-fat foods, and widening differences in protein intake, are reshaping the
human dietary landscape. Under these rapidly changing conditions, the human gut
microbiome may itself be undergoing a major transitional phase.

To investigate how dietary environments have shaped the gut microbiome across
Asia, we have established the Asian Microbiome Project (AMP). Asia represents a
unique region where traditional dietary cultures and Westernized dietary habits
coexist, making i1t an ideal setting for understanding how diet-microbiome symbiosis
has evolved and how 1t may continue to change. In particular, the gut microbiome
of school-age children provides an excellent model because it is less influenced by
lifestyle-related confounding factors and more directly reflects dietary adaptation
during microbiome development.

The gut microbiota of Asian populations can largely be classified into two
enterotypes: the Prevotella-dominated (P) type, which 1s common in rural
populations, and the Bacteroides-Bifidobacterium-dominated (BB) type, which
predominates in urban populations. These enterotypes gradually emerge during
the weaning period and become clearly established by approximately three years of
age. However, the mechanisms underlying their formation and their implications
for host health remain poorly understood. To address these questions, we performed
comparative metagenomic analyses to characterize functional differences between the
two enterotypes.

Comparative metagenomic analysis of Southeast Asian children with the
P-enterotype and Japanese children with the BB-enterotype revealed distinct
metabolic signatures. The P- enterotype was enriched in a -amylase genes, whereas
the BB-enterotype showed a higher abundance of isoamylase genes, suggesting
adaptation to differences in the carbohydrate composition of staple foods. In
addition, the BB-enterotype contained a higher abundance of bile salt hydrolase (BSH)
genes, consistent with adaptation to a higher-fat diet. Differences were also observed
in nitrogen metabolism. Japanese gut microbiomes were enriched in pathways
converting glutamate toward ornithine, whereas Southeast Asian microbiomes
exhibited higher abundances of pathways regenerating glutamate from ornithine
together with genes involved in branched-chain amino acid biosynthesis, suggesting
distinct nitrogen metabolic strategies associated with differences in dietary protein



availability. Notably, the genes involved in starch degradation and amino acid
biosynthesis in the P-enterotype were predominantly encoded by Prevotella and
related members, highlighting their central role in adaptation to carbohydrate-rich
diets.

Interestingly, even within Southeast Asia, children living in urban areas of the
Philippines exhibited metagenomic profiles characterized by increased abundance of
BSH genes, reflecting dietary westernization. Further, Mongolian children displayed
distinctive profiles of polysaccharide and nitrogen metabolism despite predominantly
belonging to the P enterotype, illustrating adaptations to Mongolia's unique dietary
culture.

These comparative metagenomic analyses demonstrate how the gut microbiome
adapts to host dietary environments and establishes stable symbiotic relationships.
Understanding these microbial adaptations will provide important insights into
the evolutionary interactions between diet and the gut microbiome and their
consequences for human health.
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Abstract

Food allergy has become an increasingly important global health concern. In
particular, further increases in the prevalence of food allergy are anticipated in
Asia as lifestyles and dietary habits continue to change. Food allergy not only
affects the quality of life of affected individuals but also places a substantial
burden on their families. Furthermore, severe allergic reactions may result in life-
threatening anaphylaxis, making food allergy a major public health issue. While
clinical management has traditionally focused on treating established disease, recent
advances have increasingly shifted attention toward both disease prevention and
disease-modifying therapeutic approaches.

Accumulating evidence suggests that the gut microbiota plays a crucial role in
both the development of food allergy and the acquisition of immune tolerance. In
addition to genetic susceptibility, early-life environmental exposures significantly
influence food allergy risk. Among these factors, diet, gut microbiota, and skin
barrier function have emerged as key determinants of immune tolerance. The gut
microbiota begins to establish immediately after birth and is shaped by multiple
factors, including mode of delivery, infant feeding practices, complementary feeding,



antibiotic exposure, and lifestyle-related factors. Recent studies have demonstrated
that microbiota-derived metabolites, particularly short-chain fatty acids, contribute
to the induction of regulatory T cells (Tregs) and the establishment of immune
tolerance. In particular, members of the Clostridia class have been associated with
protection against allergic diseases, highlighting the importance of early-life
microbial colonization.

Skin barrier function also plays a critical role in food allergy development. The
Dual Allergen Exposure Hypothesis, which proposes that impaired skin barrier
function promotes epicutaneous sensitization whereas oral exposure facilitates
immune tolerance, 1s now widely accepted. Consequently, increasing attention has
been paid to the concept of the “gut-skin axis,” reflecting interactions between
intestinal and cutaneous immune responses. Through early-life skin intervention
studies and birth cohort research, we have demonstrated the importance of
maintaining skin barrier integrity during infancy for the prevention of the allergic
march. Successful prevention of food allergy is likely to require an integrated
strategy combining suppression of epicutaneous sensitization with promotion of oral
immune tolerance.

Beyond prevention, the gut microbiota has also emerged as a promising therapeutic
target. We conducted the TOY Study, a randomized controlled trial investigating the
combination of heat-killed Lactiplantibacillus plantarum YIT0132 (LP0132) and oral
immunotherapy (OIT) in children with cow’s milk allergy. LP0132 supplementation
was associated with increased gut microbial diversity and a higher abundance of
Lachnospiraceae, a bacterial family that includes short-chain fatty acid-producing
species. In addition, reductions in the Th2-associated cytokines IL-5 and IL-9 were
observed, suggesting immunomodulatory effects mediated through alterations of
the gut microbiota. Favorable changes in markers related to immune tolerance
induction were also identified, indicating that microbiota-targeted interventions may
complement existing therapeutic strategies for food allergy.

We subsequently performed a secondary analysis of the TOY Study dataset
by integrating clinical information, cytokine profiles, and microbiome data to
investigate interactions among lifestyle factors, immunity, and the gut microbiota.
This analysis demonstrated that children with severe cow’s milk allergy could
be classified into distinct clusters characterized by different immunological and
microbial profiles. Clusters enriched with Lachnospiraceae and Rikenellaceae
exhibited features associated with reduced allergic inflammation, whereas other
clusters were characterized by elevated levels of pro-allergic cytokines such as thymic
stromal lymphopoietin (TSLP) and thymus- and activation-regulated chemokine
(TARC). Lifestyle-related factors, including the timing of complementary food
introduction and parental educational background, were also associated with both



microbial composition and immune parameters. These findings suggest that food
allergy i1s not a single disease entity but rather comprises multiple endotypes shaped
by complex interactions among environmental exposures, immunity, and the gut
microbiota.

Recent advances in food allergy research indicate that prevention and treatment
should not be viewed as separate concepts but rather as complementary approaches
linked through the common mechanism of immune tolerance induction. Early-life
interventions targeting diet and skin barrier function may contribute to disease
prevention, whereas microbiota-targeted approaches may enhance treatment efficacy
after disease onset. In this lecture, I will review recent advances in gut microbiota
research and present findings from our studies on food allergy prevention and
treatment, highlighting future opportunities for microbiota-based strategies for the
prevention and management of food allergy.
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Abstract

Eosinophilic gastrointestinal diseases (EGIDs) are chronic immune-mediated
disorders characterized by organ-specific gastrointestinal symptoms and eosinophil-
predominant mucosal inflammation. They include eosinophilic esophagitis (EoE)
and non-EoE EGIDs affecting the stomach, duodenum, small intestine, and colon.
EoE, the best-characterized EGID, is driven largely by food antigens and involves
type 2 immunity, epithelial barrier dysfunction, and genetic susceptibility. It
therefore provides an informative model for examining interactions among diet, host
immunity, and the local microbial environment. Nevertheless, microbiome research

in EGIDs remains at an early stage, and most available evidence concerns EoE rather



than non-EoE EGIDs.

The rapid increase in EoE cannot be explained by genetic change alone. Early-life
exposures that can influence microbial colonization—including antibiotics, cesarean
delivery, prematurity, neonatal intensive care, acid-suppressive medication, and
infection—have been associated with subsequent EoE risk."” These observations
are compatible with the hypothesis that reduced microbial exposure or dysbiosis
may impair the development of immune tolerance. However, observational studies
are vulnerable to confounding by underlying illness, healthcare utilization, and
medication use. They do not establish that altered microbiota cause EoE. It is
therefore necessary to distinguish microbial perturbations that precede disease from
changes that arise as a consequence of inflammation, restricted diets, or treatment.

An additional conceptual challenge 1s that the term “gut microbiome” can refer
either to the predominantly colonic community measured in stool or to site-
specific mucosal communities in the esophagus and stomach. Early, relatively
small studies reported increased total bacterial load in active EoE and shifts in
the relative abundance of Proteobacteria, Haemophilus, Neisseria, Firmicutes, and
Streptococcus.™ Salivary and fecal studies have also identified differences between
EoE and control groups. Yet the direction and magnitude of these findings, including
changes in microbial diversity, have not been consistent across studies.” Sampling
method, age, geography, diet, recent antibiotics, proton pump inhibitors, swallowed
corticosteroids, and disease activity all represent major sources of variation.

The importance of this heterogeneity was demonstrated by a multicenter study
conducted through the Consortium of Eosinophilic Gastrointestinal Disease
Researchers (CEGIR), which included patients with EoE and eosinophilic gastritis
(EoG) and controls from 10 centers across the United States.’ Streptococcus and
Gemella were associated with EoE mucosal samples, whereas Prevotella and
Leptotrichia were associated with gastric communities and EoG activity. However,
alpha-diversity was similar across groups, and microbial communities were highly
individualized. Stool communities neither correlated with esophageal or gastric
mucosal communities nor clearly differed between patients and controls. These
findings argue against a single universal “EGID microbiome” and instead support a
model in which microbial patterns are shaped by an organ-specific ecosystem that
includes the host, inflammation, diet, medication, and geography.

Several biologically plausible mechanisms may connect microbial communities with
EGID pathogenesis. Microbial products can activate pattern-recognition pathways,
while short-chain fatty acids and tryptophan-derived metabolites can influence
epithelial differentiation, mucus production, intercellular junctions, regulatory
T cells, type 2 immunity, eosinophils, mast cells, and innate lymphoid cells. In
experimental models, the esophagus harbors a transplantable resident microbiota,



and neonatal antibiotic exposure reduces Lactobacillales and amplifies type 2
esophageal inflammation.” These data establish the feasibility of host-microbiota
interactions in the esophagus. In human EokE, however, direct links among local
microbial metabolites, epithelial function, eosinophil phenotypes, and clinical outcomes
remain limited. Short-chain fatty acids and indoles should therefore be regarded as
promising mechanistic candidates rather than established drivers or therapies in
EGIDs.

Dietary elimination, proton pump inhibitors, swallowed topical corticosteroids,
and biologic therapy can improve inflammation while simultaneously altering the
ecological niche in which microbes reside. Treatment-associated changes in esophageal
bacterial load and community composition have been reported, and different
therapeutic approaches may produce distinct microbial patterns.® Dietary fiber
intake has also been associated with esophageal microbial composition.” Conversely,
some dietary intervention studies did not identify a significant global shift in the
esophageal microbiome." Thus, an observed microbial change may be a mediator of
treatment response, a marker of remission, or simply a downstream consequence of
altered inflammation and diet. At present, the evidence is insufficient to recommend
probiotics, prebiotics, fecal microbiota transplantation, or targeted microbial/
metabolite therapies as routine treatment for EoE or other EGIDs.

This lecture will review the clinical and molecular heterogeneity of EGIDs and
summarize evidence linking early-life exposures, esophageal and fecal microbiota,
microbial metabolites, diet, and pharmacologic therapy to disease susceptibility and
activity. Future studies should incorporate longitudinal paired mucosal and stool
sampling before and after treatment; detailed measurement of dietary and medication
exposures; shotgun metagenomics and metabolomics; and integration with host
genetics, tissue transcriptomics, spatial profiling, and patient-derived cellular and
organoid systems. Cohorts reflecting Japanese and broader Asian diets, microbial
environments, and clinical phenotypes will be particularly important. Separating
microbiome signals that represent a cause, a disease modifier, a treatment-response
biomarker, or a consequence of inflammation will be essential before microbiome

science can contribute meaningfully to precision medicine in EGIDs.
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Abstract

In recent years, attention has focused on the role of the gut microbiota in the
pathogenesis of many chronic inflammatory diseases; however, research on the
association between allergic diseases and the gut microbiota is considered pioneering
in this field. Research in the early 2000s primarily focused on association analyses
between dysbiosis and allergic diseases, and the causal relationship between these
diseases and the gut microbiota remained unclear. Subsequently, observational cohort
studies, primarily conducted in Northern Europe, demonstrated that patients with
allergic diseases exhibited differences in their gut microbiota compared with healthy
individuals, even before symptom onset, revealing that dysbiosis is deeply involved
in disease 1nitiation. Allergic diseases in children—particularly atopic dermatitis
and food allergy—are considered good models for investigating the mechanisms by
which the gut microbiota contributes to disease onset, given their high incidence
rates and early onset. To date, numerous observational and interventional studies
have been conducted, primarily overseas, and systematic reviews and meta-analyses
are regularly published. In recent years, several birth cohort studies have also begun
to be conducted in Asia. The gut microbiota is determined by multiple factors,
including diet and nutrients. Since lifestyle habits—particularly dietary habits—vary
significantly by region, there has been a need for information derived from unique
cohort studies in Japan as well.

Through several birth cohort studies involving infants at high risk for allergic
disease and infants from the general population, we have conducted longitudinal
analyses of the association between the gut microbiota and allergic diseases. Early
cohort studies revealed that the colonization of Staphylococcus aureus and adult-type
Bifidobacteria at one month of age is a risk factor for the subsequent development
of atopic dermatitis." Subsequently, 16S rRNA analysis in two cohort studies (the
CHIBA study and the Katsushika study) that allowed for long-term follow-up also
demonstrated that the gut microbiota at one month of age is strongly associated
with subsequent allergen sensitization.”® The enterotypes of the gut microbiota at one
month of age were classified into three categories; among these, the group classified
as “Enterotype 3"—characterized by a predominance of bifidobacteria and high levels
of propionic acid—exhibited the lowest risk of food sensitization during infancy.' In a
European birth cohort study, high levels of butyric acid and propionic acid in stool at
age 1 were associated with a low sensitization rate at that time.” Our analysis results
described above suggest an anti-allergic effect of propionic acid during the neonatal
period, prior to the onset of allergic diseases. The CHIBA study also revealed that
low propionic acid concentrations in stool at one month of age are associated with
an increased risk of developing bronchial asthma at age 5. In a mouse model, it has
been shown that administering propionic acid to nursing mothers prevents asthma



onset in their offspring via a mechanism mediated by the GPR41 receptor.® Thus,
the colonization of bifidobacteria (particularly infant-type bifidobacteria) during the
neonatal period is considered to be extremely important for allergy prevention. In
a recent birth cohort study we conducted (the Fukushima study’), which examined
bifidobacteria down to the species level, we found that low levels of B. breve in
formula-fed infants at 1 month of age were associated with high rates of sensitization
to egg white at 6 months and 1 year of age (paper in submission). It is also known
that tryptophan metabolites produced by some infant-type bifidobacteria enhance
intestinal barrier function by stimulating the aryl hydrocarbon receptor (AhR),
which may be one of the mechanisms underlying allergy prevention.”

Breast milk contains high levels of human milk oligosaccharides (HMOs), which
act as growth factors for infant-type bifidobacteria; it 1s generally believed that
breastfed infants have higher levels of bifidobacteria than formula-fed infants.’
However, recent studies in Japan have reported that breastfed infants have fewer
bifidobacteria than mixed-fed infants, suggesting that there may be differences
between recent breast milk and breast milk from earlier periods, or between breast
milk given to children with allergies and that given to children without allergies.
In fact, a comparative analysis of cytokines in colostrum collected 24 years apart
revealed that osteopontin concentrations—which are thought to be involved in
improving intestinal barrier function and establishing a Bifidobacterium-dominant
gut environment—were significantly lower in recent breast milk."

In addition to feeding practices, various environmental factors—such as antibiotic
administration—influence the development of the gut microbiota during infancy.
In our infant and toddler health checkup cohort as well, early antibiotic use was
associated with the early onset, persistence, and chronicity of atopic dermatitis,
leading to progression along the “allergy march.”" In the prevention of allergic
diseases in children (and likely, in the long term, in adults as well), the establishment
of a healthy gut microbiota from an early age—including appropriate antibiotic
use—is key. It is known that the maternal microbiota has a significant influence on
the formation of the neonatal microbiota; therefore, it 1s hoped that comprehensive
analyses will be conducted on pregnant women, breastfeeding mothers, and children
from the fetal stage through infancy, and that allergy prevention methods based on
these findings will be established.
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