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

1. “The gut microbiome as a contributor and treatment target for Parkinson’s disease” -+

Sarkis K. Mazmanian (California Institute of Technology, USA)

[Chair : Toshifumi Ohkusa (Juntendo University School of Medicine, Tokyo)]
2. “Innovative therapeutic strategies targeting the gut-brain axis in neurodegenerative diseases”
Nobutaka Hattori (Juntendo University Faculty of Medicine, Tokyo)

13:15 ~ 17:30

Lecture :
[Chair - Hiroshi Ozaki (The University of Tokyo, Tokyo)]

1. “Brain-Gut interactions and development of social behavior” «««--+oxooerererr

Takefumi Kikusui (School of Veterinary Medicine, Azabu University, Kanagawa)

[Chair - Kikuji Itoh (The University of Tokyo, Tokyo)]
2. “The relationship between gut microbiota and brain and cognitive development in early

childhood” ....................................................................................................................

Masako Myowa (Graduate School of Education, Kyoto University, Kyoto)

[Chair : Reiko Shinkura (The University of Tokyo, Tokyo)]

3. “Resilience of the intestinal microbiota as a key factor for human health and disease” -+

Philip Rosenstiel (University Hospital Schleswig-Holstein, Germany)

— 15:10 ~ 15:30 Break —

[Chair - Satoshi Hachimura (The University of Tokyo, Tokyo)]

4_ “Regulation of gut microbiota by Paneth ce" a _defensin” ..................................................

Kiminori Nakamura (Faculty of Advanced Life Science, Hokkaido University, Hokkaido)

[Chair : Satoshi Matsumoto (Yakult Central Institute, Tokyo)]

5. “Gut brain axis and microbiota” ......................................................................................

Tomohisa Sujino (Keio University School of Medicine, Tokyo)

Discussion [Chair : Shigeru Kamiya (Kyorin University, Tokyo)]
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The Gut Microbiome as a Contributor and Treatment Target for
Parkinson’s Disease

Sarkis K. Mazmanian
Institution: California Institute of Technology, U.S.A.

Brief curriculum vitae

2024-pres Merkin Institute Professor, California Institute of Technology

2014-pres Luis and Nelly Soux Professor, California Institute of Technology

2012-2014 Professor, Division of Biology & Biological Engineering, California Institute of
Technology

2006-2012 Assistant Professor, Division of Biology, California Institute of Technology

2006 Assistant Professor, Department of Medicine, Harvard Medical School

2005-2006 Instructor in Medicine, Harvard Medical School

2002-2005 Postdoctoral Fellow, Dept. of Micro. and Mol Genetics, Harvard Medical School

2001-2002 Graduate Fellow, Dept. Mol. Genetics and Cell Biology, University of Chicago

Abstract

Parkinson’s disease (PD) is the second most common neurodegenerative disease
Hallmark symptoms including muscle rigidity, resting tremors, and posture
instability. While monogenic causes explain about 20% of PD, most cases likely arise
from gene-environment interactions. The gut microbiome 1s a major environmental
contributor to human health, influencing functions of the immune, metabolic, and
nervous systems. Indeed, numerous studies report dramatic differences in microbiome
profiles between individuals with PD and controls. Many PD patients have serious
gastrointestinal (GI) issues such as constipation that often precede motor symptoms
by many years and seriously impact quality of life. Accordingly, it is proposed that
PD can originate in the gut, with pathology subsequently spreading to the brain,
leading to neurodegeneration. Our laboratory was the first to discover that the
gut microbiome modulates disease outcomes in PD mouse models, and that specific
bacterial taxa impact aSyn pathology, motor symptoms and constipation.

Aggregates of the neuronal protein a-synuclein (aSyn), a hallmark of PD, is
prevalent in the intestines and brains of postmortem PD samples, and experimental
evidence shows spread of aSyn aggregates from the gut to the brain via the vagus
nerve in rodent models. We revealed that a gut bacterial amyloid named curli (encoded
by the csgA gene) promotes aSyn aggregation in the colons and brains of mice,
leading to motor symptoms. Since our discovery, clinical research has uncovered that
the csgA gene is elevated in the microbiomes of PD patients in numerous cohorts.



Based on this work, we propose that the CsgA protein may represent a target for
novel PD treatment.

In collaboration with Axial Therapeutics, we have developed a novel small
molecule compound, named AX-5006, that inhibits CsgA aggregation. Remarkably,
oral administration of AX-5006 potently reverses existing motor symptoms in
multiple behavioral tests in a PD mouse model and also clears aSyn aggregates
from the brains of mice. AX-5006 will enter clinical trials in late 2025. Built on
innovative concept and basic research studies, our long-term goal is to unravel the
pathophysiology of PD and develop breakthrough interventions that target the gut,
rather than the more challenging prospect of delivering therapeutics to the brain.
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Innovative Therapeutic Strategies Targeting the Gut-Brain Axis in
Neurodegenerative Diseases

Nobutaka Hattori
Department of Neurology, Juntendo University Faculty of Medicine
RIKEN Center for Brain Science, Neurodegenrative Disorders Collaborative
Laboratory

Abstract

Neurodegenerative diseases, such as Parkinson's disease (PD) and Alzheimer's
disease (AD), are strongly associated with aging as a major risk factor. With
the advent of a super-aging society, a pandemic of neurodegenerative diseases is
anticipated. In PD, a representative motor disorder, a-synuclein (a-Syn), the main
component of Lewy bodies, has been found to accumulate in the retina, skin, and
gastrointestinal tract. The dual-hit hypothesis suggests that neurodegenerative
processes may originate from the olfactory bulb or the gut. Supporting this theory,
epidemiological studies in Denmark have shown that vagotomy for gastric ulcers
reduces the incidence of PD compared to groups with intact vagal branches. Similarly,
appendectomy has been reported to lower the risk of developing PD. These findings
underscore the critical role of the gut-brain axis in the pathogenesis of PD.

Beyond the gut, other peripheral organs also exhibit pathological changes. For
instance, myocardial MIBG scintigraphy has proven effective in differentiating PD
from other parkinsonian syndromes. It is included as a supportive criterion in the
Movement Disorders Society's diagnostic criteria for PD. Gastrointestinal pathology,
particularly in the gut, is significant in explaining PD-related constipation and is
hypothesized to occur up to 20 years before the onset of central nervous system
pathology. Halting the progression from peripheral to central pathology could pave
the way for disease-modifying therapies.

Recent studies have highlighted the role of gut microbiota in Parkinson's disease
(PD). Our laboratory is planning fecal microbiota transplantation (FMT), a treatment
currently used for ulcerative colitis, as a potential therapeutic approach for PD. If gut
pathology represents the initial trigger of the disease, targeting the gastrointestinal
system could be a key strategy for future therapeutic development. Furthermore,
our research has identified abnormal o-Syn seeds with prion-like propagation
capabilities in the bloodstream. This discovery opens the possibility of screening at-
risk populations through routine blood tests.

In conclusion, therapeutic strategies targeting peripheral pathology, particularly
the gut-brain axis, are becoming increasingly feasible and hold promise for the

development of innovative treatments for neurodegenerative diseases.
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Brain-Gut interactions and development of social behavior

Takefumi Kikusui
Laboratory of Human-Animal Interaction and Reciprocity, School of Veterinary
Medicine, Azabu University.
Human and Animal Symbiosis Science, Azabu University
Research and Advancement Support Division

Brief Curriculum Vitae

1970: Born in Kagoshima Pref. Japan.
1995: Graduated from Veterinary Medicine University of Tokyo. D.V.M.
1995-1997: Research associate at the Sankyo Neuroscience Research Institute.

1997-2007: Assistant professor at the Graduate School of Agricultural and Life Sciences
(Veterinary Ethology Lab) at the University of Tokyo.

2007-2009: Associate professor at the Companion Animal Research Laboratory, Azabu
University Veterinary Medicine.

2007-present: Professor.

Research Interests

Social neuroendocrinology, human-animal bonding, emotion, oxytocin signaling, animal behavior.

Key Scientific Achievements

- Dog tears of positive emotion: First demonstration that dogs secrete tears during positive
reunions with their owners, mediated by oxytocin release.

- Oxytocin-enhanced gazing: Showed that administering intranasal oxytocin to dogs increases
their eye gaze toward owners, boosting owner oxytocin levels—supporting interspecies bonding
mechanisms.

- Owner oxytocin elevation: Observed that mutual gaze from dogs increases urinary oxytocin in
humans, reinforcing attachment bonds.

- Social behavior and microbiome: In rodent models, revealed that how social stress and
environmental factors alter the gut microbiome in animal models, revealing links between

microbial composition and emotional behavior.

Abstract

The brain-gut axis, a reciprocal communication between two organs, 1s now
widely recognized as one of the fundamental physiological functions in animals.
Recent research has suggested that the composition of the gut microbiome does not
only interact locally with intestinal cells and the enteric nervous system but also
with the central nervous system (CNS). For example, in mice studies, changes in



gut microbiota influence brain chemistry and behavior, such as memory, learning,
and anxiety related behavior"”. The microbiome in the intestine has the potential
to interact with the CNS directly via neural, endocrine, immune, and metabolic
pathways®”. It has been shown that gut microbes activate the vagus nerve, which
1s one of the main information carriers from the gut to the brain and stimulate
inflammatory cytokines in the brain®. Neuroendocrinologically, the gut microbiota
can modulate the hypothalamic-pituitary-adrenal axis that controls the stress
response and plays a role in cognition and mood disorders™”.

We fond that GF mice spent less time in the center area of the arena and there
were longer inter-individual distances compared with SPF mice. GF mice also had
decreased brain-derived neurotrophic factor (BDNF) and increased AFosB mRNA
in the prefrontal cortex compared to SPF mice. There were differences in the gut
microbiome composition between GF and SPF mice; however, if cohabitating after
weaning, then their microbiome composition became equivalent and group differences
in behavior and BDNF and AFosB mRNA expression disappeared. These results
demonstrate that the bacterial community can modulate neural systems that are
involved 1n sociability and anxiety during the developmental period and suggest that
sociability and anxiety can be shaped depending on the microbiome environment
through interaction with conspecifics”.

Moreover, we aimed to determine whether the matrilineal transmission of maternal
behavior occurs in mice and whether the microbiota is involved. We first observed
that early weaned (EW) female mice showed lower levels of maternal behavior,
particularly licking/grooming (LG) of their own pups, than normally weaned (NW)
female mice. This difference in maternal behavioral traits was also observed in the
second generation, even though all mice were weaned normally. In the subsequent
cross-fostering experiment, the levels of LG were influenced by the nurturing mother
but not the biological mother. Finally, we transplanted the fecal microbiota from EW
or NW mice into germ-free (GF) mice raising pups. The maternal behaviors that the
pups exhibited toward their own offspring after growth were analyzed, and the levels
of LG in GF mice colonized with microbiota from EW mice were lower than those in
GF mice colonized with microbiota from NW mice. These results clearly indicate that,
among maternal behavioral traits, LG 1s intergenerationally transmitted in mice
and suggest that the vertical transmission of microbiota is involved in this process.
This study demonstrates the universality of the intergenerational transmission of
maternal behavioral traits and provides new insights into the role of microbiota®.

The dog (Canis familiaris) was the first animal to be domesticated, with hundreds
of different dog breeds recognized today. During the domestication process, dogs were
subjected to a strong selection process according to their temperament, behavior, and
cognitive abilities”, and acquired their unique cognitive abilities during domestication.



These human-like unique abilities might also be related with interspecies’ bonding,
namely human-dog bonding. We revealed that dog showed oxytocin mediated
positive-loop for forming bonds with humans, and wolves did not show this positive
loop with humans, suggesting that dog have acquired biological bond mechanisms in
the process of domestication'”’. Nowadays, there are many epidemiologic reports on
the benefits to humans of owning dogs that have lived with humans for so long. We
also found that dog ownership improved the well-being of adolescents. These children
were also more sociable and had fewer behavioral problems'’. At the same time,
we examined the gastrointestinal microbiome known to affect the central nervous
system and found that the effects of dog ownership differed between dog-owner and
non-dog-owner children. When the bacterial flora collected from the children was
administered to sterile mice, the mice became more prosocial. Thus, 1t was found that
some of the benefits of dog-ownership may be due to changes in the bacterial flora. It
1s feasible that dogs and humans have established a mutually beneficial relationship
while influencing each other (unpublished data).

These results imply the adaptive significance of developing animals acquiring a
various gut microbiota in their environment, especially in their interactions with

other individuals, and accordingly developing appropriate social behaviors.
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Abstract

The gut microbiota undergoes substantial changes in response to environmental
factors and typically stabilizes around the age of three to four. It is well established
that the gut microbiota influences brain function and mental states through multiple
pathways, including the immune system and the autonomic nervous system—
particularly via the vagus nerve. Accordingly, dietary habits during early life,
often referred to as a “sensitive period,” may play a critical role in shaping brain
development.

Recent studies, especially in Western populations, have reported close associations
between the composition and developmental trajectory of the infant gut microbiota
and individual differences in temperament, as well as risks related to cognitive
and language development. However, the composition of the gut microbiota varies
significantly across ethnic groups. Notably, the gut microbiota of the Japanese
population differs markedly from that of Western populations. In response, our
research group established a large-scale gut microbiota database comprising data
from over 2,800 Japanese mother-infant pairs. This database includes detailed
information on physiological traits (e.g., sleep, bowel movements, and atopic
symptoms), psychological characteristics (e.g., cognitive development, temperament,
and parenting stress), and dietary patterns.

To date, we have identified several notable findings: 1) a strong correlation
between maternal and child gut microbiota alpha diversity; 2) an association between
children’s autonomic nervous system activity—particularly vagal tone during sleep—
and gut microbiota composition, as well as cognitive and psychological functioning;
3) links between maternal autonomic function and mental health and the child’s
autonomic regulation and risk of delayed cognitive development; and 4) elevated
maternal parenting stress correlates with reduced vagal activity, increased risk of
cognitive delays, and distinct gut microbiota profiles in children.

Studying individuals in isolation under experimental conditions is insufficient for
understanding the mechanisms underlying diversity in human mental and cognitive
functioning, including psychiatric and developmental disorders. Our current research
aims to visualize the real-life physiological and psychological states of mothers
and children, as well as to develop personalized support strategies that incorporate
dietary habits. By establishing scientifically grounded early-life interventions,
we aim to contribute to effective medical approaches for preventing or mitigating
future mental and physical health dysfunctions. To this end, we are conducting long-
term foundational research examining the causal effects of interventions, such as
dietary improvements and gut microbiota modulation (e.g., through probiotics and
prebiotics), on reducing developmental risk.
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Abstract

The intestinal microbiota is a complex and adaptive ecosystem that varies between
individuals and changes throughout life, influenced by both environmental cues and
host factors. Physiological changes in microbial communities occur across temporal
scales from diurnal oscillations to ageing-associated trajectories. Despite constant
exposure to external challenges, such as dietary shifts, antibiotics, and infections,
microbial communities are characterized by compositional and functional equilibria,
governed by resilience mechanisms. This resilience i1s essential for sustaining a
balanced host-microbe interface and protecting against dysbiosis-related conditions,
including inflammatory bowel disease (IBD) and metabolic disorders. Conversely,
a resilient, but dysbiotic microbiota may contribute to disease manifestation and

progression.

Microbiota resilience depends on multiple factors, including microbial diversity,
keystone species, and inter-microbial interactions such as cooperation and
competition. Mechanisms like quorum sensing, auxotrophies, functional redundancy
and host selection enable communities to recover from disruption. Host-microbiota
interactions, particularly those governed by the immune system, play a pivotal role
in transient or stable adaptation to specific perturbations related to life-history

events, such as antibiotic treatment, malnutrition or pregnancy.

In this talk, I will discuss current concepts and mechanisms of microbiota resilience,
tools for assessment, e.g. metabolic modelling, and its implications for human health,
with a focus on IBD and ageing. I will also highlight strategies aimed at promoting
microbial resilience including dietary modulation, and targeted microbiome therapies

for disease prevention and long-term health maintenance.
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Abstract

Humans coexist with a vast number of bacteria on body surfaces such as the
skin, oral cavity, and gastrointestinal tract. In particular, the intestine harbors
approximately 40 trillion commensal bacteria that form the gut microbiota,
contributing to the maintenance of host homeostasis. In recent years, dysbiosis—an
imbalance in the composition of the gut microbiota—has been implicated in various
diseases, including lifestyle-related conditions such as obesity and mental disorders.
As a result, the regulation of the gut microbiota has become increasingly important
in preventive medicine.
Factors known to influence the composition of the gut microbiota include dietary
habits, aging, and other lifestyle-related elements. Although research on bacterial
interventions, such as probiotics, has advanced, host-derived mechanisms that
regulate symbiosis remain largely unclear.
Paneth cells, a lineage of small intestinal epithelial cells, play a key role in intestinal
innate immunity by secreting the antimicrobial peptide a-defensin in response to
bacterial stimuli, thereby directly killing pathogenic microorganisms. We have
previously demonstrated that a-defensins exhibit strong bactericidal activity against
pathogenic and opportunistic bacteria, but not against beneficial commensals such
as Bifidobacterium and Lactobacillus [1]. This selective bactericidal activity suggests
that a-defensins are important host factors that shape gut microbiota. Furthermore,
in a mouse model of Crohn’s disease, we showed that secretion of abnormal



o-defensins due to endoplasmic reticulum stress in Paneth cells occurs at an early
stage of disease onset, inducing dysbiosis and contributing to disease progression
[2]. In human cross-sectional studies, we also revealed that aging and reduced sleep
duration are associated with decreased a-defensin secretion and the consequent
disruption of the gut microbiota [3, 4]. Additionally, in models of graft-versus-host
disease and depression, we were the first to demonstrate that impaired a-defensin
secretion induces dysbiosis, which in turn leads to disease onset via altered microbial
metabolites, and that normalization of a-defensin levels can restore gut microbiota
and provide a novel strategy for disease prevention and treatment [5, 6].

These findings suggest that a-defensins play a critical role in the formation and
maintenance of the gut microbiota, and that their disruption may increase disease
risk. In this presentation, we will discuss our efforts to elucidate the symbiotic
mechanisms between the gut microbiota and the host mediated by a-defensins and
to develop novel preventive strategies based on dietary components targeting this

mechanism.
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Abstract

In recent years, intestinal bacteria have been implicated in a variety of diseases.
While many studies have focused on their roles in gastrointestinal conditions such as
inflammatory bowel disease and colorectal cancer, emerging evidence also suggests
links to neurological disorders, including Parkinson’s disease, Alzheimer’s disease,
poliomyelitis, and depression that originate outside the intestinal tract. However, the
underlying mechanisms connecting the gut and brain remain poorly understood.
To address this, we investigated the gut-brain connection with a focus on the vagus
nerve, a key bidirectional communication pathway. The vagus nerve comprises an
afferent branch, which senses signals from the gut and relays them to the brain, and
an efferent branch, which transmits brain-derived signals to the intestinal tract.

Our research revealed that signal transmission from the gut to the brain regulates

the intestinal immune environment. In mice, surgical blockade of the main trunk



of the vagus nerve significantly reduced regulatory T cells (pTregs) which suppress
intestinal inflammation in the colon, and worsened symptoms in a mouse model
of intestinal inflammation. Further analysis of the gut-brain neural circuits
demonstrated that the intrahepatic vagus nerve, nodal ganglion, and medullary
solitary tract nucleus components of the vagal sensory pathway activate the left
vagus efferent nerve. This activation sustains the presence of antigen-presenting cells
needed for the induction and maintenance of intestinal pTregs. Thus, we identified a
neural circuit that links vagal signaling to immune homeostasis in the gutl,2.

We then extended our investigation to examine the interaction between intestinal
bacteria and the central nervous system using the experimental autoimmune
encephalomyelitis (EAE) model of multiple sclerosis. Although EAE primarily causes
spinal cord inflammation, its connection to gut microbiota remains underexplored.
We found that encephalitogenic Thl7 cells involved in central nervous system
inflammation are induced in the small intestine. This induction was traced to
bacterial metabolism of tryptophan into kynurenine and kynurenic acid, which
promote the accumulation of Th17 cell-inducible antigen-presenting cells in the
gut3d,4.

These findings collectively highlight a mechanistic link between intestinal bacteria
and brain disease, suggesting that brain disorders may be preventable or modifiable
by targeting the gut-brain neural circuitry or manipulating the gut microbiota.
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