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ARFRE
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9:10~10:10
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024/A  DFIRKFRIFIFPERGEE ZHIH USMEXBIIREERE (CHE S REZERT
A HE GERMERERAFN - 2 -l fCH)

025/A HIREELREERSHESZFNE T/ U S
= (E OUEB KSR ET SR - R R L= b)

11:10~11:20 ki

11:20~12:20
—f&[13E® [Neuronal/Systemic Aging (JSBMG-KSG joint session) |
Chairs : Koji Fukui (Shibaura Institute of Technology)
Kyung-Jin Min (Inha University, Incheon, Korea)
031 Nutritional Modulation of Neuroinflammation in Parkinson's Disease
Jaewon Lee (Department of Pharmacy, College of Pharmacy, Pusan National University,
Republic of Korea)
03-2 Role of Neuro-Immune Interactions in Age-Related Chronic Pain
Tatsuhide Tanaka (Department of Neuroimmune System, Geroscience Research Center,
National Center for Geriatrics and Gerontology)
03-3 Assessing the Impact of Astrocyte Trained Immunity in Alzheimer's Disease
Jinsoo Seo (Department of Systems Biology, Yonsei University, Republic of Korea)
034 Atypical protein kinase C-A is a gatekeeper that prevents cellular senescence and
myogenic lineage deviation in satellite cells
Naoki Horii (Kumamoto University)
035 Senolysis targeting receptor tyrosine kinases
Young-Sam Lee (Department of New Biology, DGIST)

12:20~13:00 Z ¥ 3 »&ie

13:00~14 : 30
ERYVIRID L

Chairs : Jinsoo Seo (Department of Systems Biology, Yonsei University, Republic of Korea)
Tohru Hosoyama (Natl. Ctr. for Geriatrics and Gerontology)

1. Molecular basis of muscle mass control mediated by polyamine metabolism and DNA
methylation
Mamoru Oyabu (Graduate School of Life and Environmental Sciences, Kyoto Prefectural
University, Japan)

2. From Vasculature to Muscle: Systemic and Local Microenvironmental Mechanisms of

Sarcopenic Pathogenesis
Yusuke Ono (Laboratory of Muscle Biology, Tokyo Metropolitan Institute for Geriatrics
and Gerontology / Department of Muscle Development and Regeneration,

Institute of Molecular Embryology and Genetics, Kumamoto University)
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14 :

14 :

15

15

17

Food-Derived Hormetic Compounds for Healthy Aging
Jeong-Hoon Hahm (Aging Research Goup, Korea Food Research Institute, Wanju-Gun,
South Korea)
Gut microbes mediate longevity effect of dietary restriction
Kyung-Jin Min (Department of Biological Sciences Inha University, Incheon, Republic of

Korea)
30 ~ 14 : 40 fkiH

40 ~ 15 : 40
FREEYVYRITLD
FER Ak #EE RPERS)
BEH Z8 ROUERME R RAFRHE X >~ & —HF98T)

Roles of Mitochondrial Respiratory Chain Supercomplexes in Aging and Longevity

Satoshi Inoue (Director, Department of Systems Aging Science and Medicine, Tokyo

Metropolitan Institute for Geriatrics and Gerontology)
b WFIEEE, MO MSIAT B ARSI R R AR R R v 7 —FgEr, AL
FF— L, VAT LNEGESE)

Poised Enhancer Decommissioning (PEnD) Unleashes Extraembryonic Programs: From
Stem Cell Aging to Universal Aging Biology

Hidemasa Kato (Department of Developmental Biology and Functional Genomics, Ehime

University Graduate School of Medicine)

g B (BIRRFRFBEERTER  ARREREY  #ik705)
Bioelectronic Interventions for Senescent Cells: Challenges in Detection, Separation, and
Selective Elimination

Ippei Yagi (Department of Electrical and Electronic Engineering, Faculty of Systems

Design, Tokyo Metropolitan University)
SR —F CGERHERL KRS VAT AT Vi BRET LYF

140 ~15:50 HBH
(4F 401)
150 ~ 16 : 50

RRAY—HK (GHES)

(35fE8 F)
110 ~ BEEA - HECSR A
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(3SEEB8F)

9:00~10:12
—HROIE@ [t - BEAL - S3R0MERE
JER N S 2 CRGUEMERERAF R ~ & —F5E0T)
B R T (THERY)
04-1/S  BRIUAOZIFVMHEIU EENERE © IS v MO
B BB CROAB R R FF &~ & —WEEAT - BACMRRERE, Rt TR KA B
- AR L)
O4-2/A BEVNEF I HZHRELDOREZN U TREMBOIRE M ZIHT S
e 22 (W ERZRPRFEE REERREALAITER B ARSRARE S 5 R)
04-3/A  Lactobacillus paragasseri SBT2055 [C &k 2 R3S EE DSRFEEEN DINRDIREE
B B (FEIA 7 IV 7 R IV 7 4 A = 2 AWESERT)
O4-4/A  REBHET I R— b ZAWVC 0T 4 — LARTIC X 2 RAEREE T OIS INE/NA Y —H—
B3R
N EZSFIRR (FRAd B =)
04-5/A FISEAIREZE CHITF D INEKTENIR AGESs BEEZN UTe S DIRERFEX H =X A
fiE R ORAE KRR AR AI e R E S B s sE 2 >~ & —)
04-6 PIREZICH T D HILY D LEEEOHIEEE
AT S RALRY: - RFEBEEETIer - BREEMAZRMZEE > 5 —)

10: 12~ 11: 00
—ROIEG [E188 - BElt - &)
JEE EA D CROEBEEE RFE AR~ & —WF5ErT)
g Wk (BN RFERERFEIEYE 5 —)
05-1/S  ZHEMEZ AICAR. AdipoRon [C& D AMPK EIHEN BB —X#EZ N U Hedgehog &/
TFIVGERRICS A DFE
RIGEHF R RFEREAR - BREEEF7eFH)
052/S SFHZEBICHIFZERHEBRUZHIFIT I2EHREDEEEMP/NA F Y —H—DFEER
T B GRUBRER AR R A 56 L 7 %)
05-3/A K Maf BERT T Kk 2/ REFHRMEHERTIEE & BI8EE L
BEH B GRIERY  BEEERR)
054/A FHig— &8I O b—2J OIEFEIC K DY)V IR 7 FIERAE DRZEH
L B/R (BN REFEEFEIEY v 5 — i — S oA — B B reH s 7 1
V7 M F—L)

11:00~11:10 k&
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11:10~ 11 : 40
BFEFEER
FERe t MTH B— (G849 MIHARBERL A2 RE RER)
[REREERMEEEROIHEIE. €/ UYRICKIEBERZNEZT 3]
Abrogation of aberrant glycolytic interactions eliminates senescent cells and alleviates
aging-related dysfunctions.
afhl S wEE] (RURRR AR AR

Hiroshi Kondoh (Graduate school of medicine, Kyoto university)
11:40~11:45 k@

11:45~12:45
ZFREEY VIRID LD
FER t ZH WUt (REMERY)
ik s CRGURMERERAF R &~ & —F5E0T)
1. Germ cells determine sex difference in lifespan
Tohru Ishitani (Research Institute for Microbial Diseases, Osaka University)
VSRSV NION TONES - GRY LA S ALY
2. Clinical Significance of Somatic Sex Chromosome Loss
Soichi Sano (National Cerebral and Cardiovascular Center Laboratory of Cardiovascular
Mosaicism)
¥ R (ENAGBRERHATZE Y v & — DI YA 7 iF%E=)
3. Molecular mechanisms regulating sex differences in skeletal muscle plasticity:
implications for disuse atrophy and sarcopenia

Toshinori Yoshihara (Graduate School of Health and Sports Science, Juntendo University)
FE AL OFCR 3RS K A BE A R — - ERERHAF7E R

12 :45~13: 25
SUFavE=F—
JER CHTH B— (55 49 Ml H AL A RS KRER)
RIERDEBNTEL I KERBRZ | SIS DIcHDBERE U LREEE
~ [LEYNY—NUERARTZYUZV] BMELHEEOEEE~
Hig KSR D
aERE  RBIRE AR ORIEFREIRS)

13:25~13:35 #2#)
(4 F 401)

13:35~14:35
RRAY—FHK (BHES)
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(3F 301)
13:30~ 14 : 30
MERARAE
AE 110 EBREBET [BUISBUVE U]
A AR R ERE KR

14:35~14:45 H

(35fE8F)
14 :45~15: 45
REEHY VIRID L
FER NP B (FEETERY)
e EA (EAKT)

1. Regulation of epigenetic aging through exercise and nutrition: Multifaceted insights from
human and animal models
Takuji Kawamura (Smart-Aging Research Center, Institute of Development, Aging and
Cancer, Tohoku University)
WA s GRAERFIREF T A<S— b - 2 Vv Tk v ¥ —)
2. Skeletal muscle-vascular crosstalk through exercise and nutritional interventions: Insights
from animal studies and human trials
Motoyuki Iemitsu (Faculty of Sport and Health Science, Ritsumeikan University)
Kl FAT CLavfERY: AR — VEEERHER)
3. Bifidobacteria and Gut Microbiota in Aging: Insights from Basic and Clinical Studies
Shin Yoshimoto (Biotics Research Institute, Research Division, Morinaga Milk Industry
Co., Ltd., Japan)
HA B (FARFEMRSH WIRAEE N 4T 4 7 ABESERT)

15:50 ~ 16 - 10

KL - SR
WTH 5— (5F 49 M H AEREE L AR RS REE)
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Bl fEft (BAGEE KRS
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Regular exercise in aged mice suppresses hippocampal inflammation and improves
cognitive function via the NAMPT-NAD" pathway

Jimmy Kim (Juntendo University)
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B LBER TICBIT A Y I Y CARDEE
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Senescence-Associated Formation of TNT-Like Structures in Mouse Embryonic Fibroblasts

Nurmila Sari (Research Institute, National Center for Geriatrics and Gerontology, Aichi)
ML 2 VY — AT a5 — Aol NEILD @ L
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Genetic analysis of systemic “aging-network” originating from the gutv

Shun Nakatani (Kyoto University)
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Basic and Applied Research Toward Sarcopenia Prevention: Addressing
Skeletal Muscle Aging Through Exercise and Nutrition

Shuichi Machida, Ph.D.

Graduate School of Health and Sports Science, Juntendo University, Chiba, Japan

Skeletal muscle plays essential roles not only in locomotion and physical function, but also in metabolic
regulation and systemic homeostasis. Age-related decline in skeletal muscle mass and function, known as
sarcopenia, contributes substantially to frailty, disability, and reduced life expectancy. Therefore, understanding
the mechanisms underlying skeletal muscle aging and developing preventive strategies have become
important challenges in geroscience.

Aging preferentially induces fast-twitch muscle fiber atrophy, leading to reductions in muscle strength and
physical performance. Resistance training is considered a key intervention for the prevention of sarcopenia
because it effectively promotes muscle hypertrophy and functional adaptation. However, adaptive responses
to resistance exercise are influenced by aging, sex, hormonal changes, and local cellular regulation within the
skeletal muscle.

Our research group has investigated skeletal muscle adaptation using aging, menopause, and resistance
training models at the molecular, cellular, and tissue levels. We focused particularly on muscle satellite cells,
myonuclear regulation, intramuscular steroid hormone dynamics, and cellular senescence in skeletal muscle. In
addition, we explored the potential role of resistance training in modulating senescent cell accumulation and
age-related inflammation.

To translate the mechanistic findings into practical applications, we developed safe and feasible body-weight-
based resistance training programs for community-dwelling older adults and examined multimodal approaches
combining exercise and nutritional interventions.

In this presidential lecture, I present an integrative perspective spanning the fundamental mechanisms of
skeletal muscle aging and translational human intervention studies for sarcopenia prevention. By bridging
basic biology with practical implementation, future directions for exercise- and nutrition-based strategies for

healthy aging are discussed.

1993 M.S., Graduate School of Education, Tokyo Gakugei University, Japan

1995-2001 Research Assistant, Tokyo Women's Medical University, Japan

2000 Ph.D. (Medicine), Tokyo Women’s Medical University, Japan

2001-2004 Postdoctoral Fellow, University of Missouri, Columbia, MO, USA

2004-2005 Research Fellow, Japan Society for the Promotion of Science (JSPS), Japan

2005-2007 Lecturer, Institute for Biomedical Engineering, Waseda University, Japan

2007-2013 Associate Professor, School of Physical Education, Tokai University, Japan

2013-2018 Senior Associate Professor, Graduate School of Health and Sports Science, Juntendo

University, Japan
2018-Present  Professor, Graduate School of Health and Sports Science, Juntendo University, Japan
2021-Present  Concurrent Professor, Faculty of Health Care and Nursing, and Gerontology Research Center,

Graduate School of Medicine, Juntendo University, Japan
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Cellular senescence is deeply involved in physiological homeostasis, development, tissue repair, aging,
and diseases. Senescent cells (SnCs) accumulate in aged tissues and exert deleterious effects by secreting
proinflammatory molecules that contribute to chronic inflammation and aging-related diseases. We revealed
that an aberrant interaction between glycolytic PGAMI1 and Chkl kinase is augmented in SnCs associated
with increased glycolysis, whose byproduct, lactate, promotes this binding in a noncell autonomous manner.
The pseudo-Warburg effect of SnCs with enhanced PPP (pentose phosphate pathway) activity is maintained
by HIF-2 a phosphorylation by Chkl and subsequent upregulation of glycolytic enzymes, creating a vicious
cycle reprogramming the glycolytic pathway in SnCs. HIF-2 a also activates FoxM1 expression, which
transcriptionally suppresses proapoptotic profiles, including BIM, and upregulates DNA repair machineries
in SnCs. FoxM1 thus supports the genomic integrity and survival capacity of SnCs during their glycolytic
changes. Chemical abrogation of PGAMI1-Chk]1 binding reverts these phenotypes and eliminates SnCs through
senolysis. Inhibition of the PGAMI1-Chkl interaction improves physiological parameters during aging and
inhibits lung fibrosis in mouse models. Our study highlights a novel pathway contributing to the metabolic
reprogramming of SnCs and how the use of a new senolytic molecule that targets the PGAM-Chk] interaction

creates a specific vulnerability of those cells to potentially fight age-related diseases.
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Molecular basis of muscle mass control mediated by polyamine
metabolism and DNA methylation

Mamoru Oyabu

Graduate School of Life and Environmental Sciences, Kyoto Prefectural University

With the global increase in the elderly population, the prevention and treatment of sarcopenia-the age-related
decline in skeletal muscle mass and function-have become critical priorities in clinical research. Epidemiological
studies have demonstrated that reduced muscle function in older adults is directly linked to higher risks of falls
and hospitalization, as well as increased mortality rates. Consequently, maintaining skeletal muscle homeostasis
is essential for extending healthy life expectancy. Despite its clinical importance, the complex molecular
pathophysiology underlying skeletal muscle decline remains largely elusive, and there is an urgent need to
clarify these fundamental mechanisms. In this context, our recent research has identified key regulatory
pathways governing muscle aging and atrophy. We discovered that an increase in DNA methylation-a pivotal
epigenetic modification-within skeletal muscle can drive aging-like phenotypic changes (Oyabu et al., iScience,
2025). Furthermore, we found that impaired synthesis of polyamines, which are products of amino acid
catabolism, represents a common metabolic signature across various forms of muscle wasting. This finding
reveals the critical role of polyamine metabolism in the regulation of muscle mass (Oyabu et al, Cell Reports,
2025). These findings underscore the significance of DNA methylation and polyamine metabolism in the
maintenance of muscle homeostasis. Our data suggest that epigenetic dysregulation-specifically the aberrant
accumulation of DNA methylation-may act as a primary trigger for the onset of sarcopenia. Moreover, the
impairment of metabolic systems centered on polyamines appears to be intimately linked to the progression of
muscle atrophy. In this symposium, I will discuss the mechanisms underlying skeletal muscle homeostasis and

aging from the perspectives of epigenetic and metabolic regulation.
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From Vasculature to Muscle: Systemic and Local Microenvironmental
Mechanisms of Sarcopenic Pathogenesis

Yusuke Ono

Laboratory of Muscle Biology, Tokyo Metropolitan Institute for Geriatrics and Gerontology /
Department of Muscle Development and Regeneration, Institute of Molecular Embryology and

Genetics, Kumamoto University

The maintenance of skeletal muscle function is a major determinant of healthspan. Aging is associated
with the accumulation of circulating factors that drive systemic functional decline ; however, their molecular
identities remain unknown. We identified a soluble full-length form of DIl4 secreted by vascular endothelial cells
as a systemic pro-aging factor. Soluble DIl4 is elevated in aged muscle and promotes age-related sarcopenia via
Notch2 activation. Moreover, soluble DIl4 perturbs Notch signaling, accelerates endothelial cell senescence, and
induces vascular regression, leading to exacerbated tissue aging across multiple organs. The attenuation of DIl4
activity not only alleviates sarcopenia but also prolongs lifespan and enhances the effects of resistance training
on physical performance in aged mice. Analyses of human and mouse cohorts further demonstrated that renal
dysfunction increases circulating DIl4 levels, resulting in muscle atrophy and implicating the kidney-vascular-
muscle axis in the pathogenesis of sarcopenia. Collectively, these findings indicate that endothelium-derived
soluble DIl4 is a key driver of organismal aging and a promising therapeutic target for extending lifespan and

healthspan.
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Food-Derived Hormetic Compounds for Healthy Aging

Jeong-Hoon Hahm

Aging Research Group, Korea Food Research Insitute, Wanju-gun, South Korea
Department of Food Biotechnology, Korea University of Science and Technology, Daejeon-si,
South Korea

As global populations age toward a super-aged society, sarcopenia — the age-related decline in skeletal
muscle mass and function — has emerged as a critical determinant of health span, yet no FDA-approved
pharmacological interventions currently exist. Here, we identify norharmane and citrinin as candidate dietary
therapeutics for mitigating muscle aging through an evolutionarily conserved stress response mechanism.

In C. elegans, norharmane preserved muscle activity and extended lifespan, with transcriptomic analysis
revealing upregulation of detoxification genes. These effects were abrogated in skn-I loss-of-function mutants,
implicating SKN-1 as an essential mediator. In mammalian systems, norharmane promoted myogenesis

via Nrf2 and attenuated senescence markers in human skeletal muscle myoblasts. In aged mice, dietary
supplementation prevented muscle mass loss, improved functional performance, and enhanced mitochondrial
function, as evidenced by increased oxygen consumption and mitochondrial biogenesis.

Citrinin similarly delayed muscle aging in C. elegans and C2C12 cells in a SKN-1/Nrf2-dependent manner.
Together, these findings demonstrate that both compounds mitigate skeletal muscle aging through the
conserved SKN-1/Nrf2 pathway, suggesting their potential as dietary interventions to promote healthy aging
and health span.
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Gut microbes mediate longevity effect of dietary restriction

Min, Kyung-Jin

Department of Biological Sciences, Inha University, Incheon 22201, Republic of Korea

Dietary restriction (DR) extends lifespan across species, where the interaction between host and intestinal
microbes has the potential to shape this aging-associated response. Here, we show that the presence or
absence of commensal microbes in Drosophila melanogaster fundamentally alters how lifespan responds to
dietary yeast. As expected, conventionally reared flies (with gut-microbes) are longest-lived upon diets with
moderate levels of dietary yeast, but axenic flies are longer-lived on high-yeast diets and shorter-lived on diets
with limited yeast. This change in the diet-response function is mediated by the presence of Acetobacter and
its metabolite, acetate. Acetate enhanced survival on low-yeast diets but reduced lifespan under nutrient-rich
conditions. We found acetate modulated insulin/IGF signaling, including how dFOXO was excluded from cell
nuclei and how downstream effectors were activated. Loss of acetate-producing bacteria mimicked insulin loss-
of-function and right-shifted the diet-response function such that optimum longevity arises on richer diets.
These findings establish acetate as a microbial metabolite that reshapes the host's nutritional response through

the insulin/IGF endocrine pathway.
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Roles of Mitochondrial Respiratory Chain Supercomplexes in
Aging and Longevity

Satoshi Inoue

Director, Department of Systems Aging Science and Medicine, Tokyo Metropolitan Institute for

Geriatrics and Gerontology

Mitochondria play important roles in physiological and pathophysiological functions as a source of energy.
Mitochondrial respiratory chain (MRC) complexes (I, II, III, and IV) are essential for ATP synthesis. We and
others propose that the higher-order MRC supercomplex formation is involved in efficient ATP generation
and metabolic adaptation. Therefore, elucidation of roles and regulation of these supercomplexes is required
in health and diseases. Of note, we have discovered that COX7RP is the key assembly factor of MRC
supercomplex formation, which promotes exercise performance and prolongs lifespan in mice. Interestingly,
we revealed that COX7RP is transcriptionally regulated by estrogen receptor (ER), as well as estrogen-related
receptors (ERRs). Impotantly, we developed a method to visualize and quantify the supercomplex formation
using the FRET phenomenon. By this method, we identified multiple candidate compounds that promote MRC
supercomplex formation and mitochondrial respiration in myoblastic cells. Then, we demonstrated that the
administration of these compounds improves exercise performance in mice. Thus, we will present and discuss

the roles of MRC supercomplex formation in aging and longevity.
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Poised Enhancer Decommissioning (PEnD) Unleashes Extraembryonic
Programs: From Stem Cell Aging to Universal Aging Biology

Hidemasa Kato

Department of Developmental Biology and Functional Genomics,

Ehime University Graduate School of Medicine

Aged cells secret SASP factors. We usually read this as damage. But what if these factors were expressed
before, in the extraembryonic tissues that sustain the implanting embryo?

In this talk, I will introduce Poised Enhancer Decommissioning (PEnD) as a unified underlying mechanism

of aging. Poised enhancers, developmental enhancers which are "ready" but not yet engaged, carry both an
enhancer mark (H3K4mel) and a Polycomb repressive mark (H3K27me3), holding developmental genes silent
yet primed. TET1, the DNA demethylase, maintains this equilibrium. When TET1 is insufficient, aberrant
DNA methylation displaces PRC2, and silenced developmental programs are paradoxically unleashed.

In iPSCs, TET l-insufficient clones lose somatic lineage potential and default to an extraembryonic mesoderm
(ExEM) program, paralleling mesenchymal drift — a hallmark of aging across somatic tissues. The same
epigenetic logic extends to MSCs, where PEnD drives paradoxical gene derepression and SASP acquisition
from clones already divergent within the bone marrow in vivo.

Aging does not begin after development ends. TET1 is already downregulated in extraembryonic lineages
from the earliest post-implantation stages. I propose that development and aging share a single mechanism on
different timescales.

The SASP is not aberrant. I believe it is the resurrection of an ancient developmental program: the
evolutionary acquisition of the placenta. PErGE scoring enables prospective identification of PEnD-positive

cells, offering a foundation for mechanism-based epigenetic rejuvenation.
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Bioelectronic Interventions for Senescent Cells: Challenges in Detection,
Separation, and Selective Elimination

Ippei Yagi

Department of Electrical and Electronic Engineering, Faculty of Systems Design,

Tokyo Metropolitan University

Senescent cells have attracted increasing attention as a key cellular population involved in age-related diseases
and functional decline of tissues. However, establishing minimally invasive and localized technologies for their
detection, separation, and selective elimination remains a major challenge. We have been developing novel
evaluation and intervention methods based on bioelectronic technologies rooted in electrical engineering,
focusing on the physical properties of senescent cells. Specifically, we investigate label-free detection and
identification of senescent cells using dielectrophoresis, as well as the potential for their selective elimination by
nanosecond pulsed electric fields. Recent studies suggest that senescent cells exhibit alterations in membrane
lipid order and membrane responses, which may appear as differences in sensitivity to electrical stimulation.
In this presentation, I will introduce our fundamental studies on the electrical and physical characterization

of senescent cells and their application to technologies for detection, separation, and selective elimination.

I will also discuss the role of interdisciplinary approaches spanning electrical engineering, cell biology, and
biomedical engineering in aging research, together with their potential therapeutic applications for age-related

diseases.
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Germ cells determine sex difference in lifespan

Tohru Ishitani

Research Institute for Microbial Diseases, Osaka University

In many countries, women live longer than men. However, the molecular basis for this sex difference in
lifespan remains unclear. To clarify this, it is necessary to formulate hypotheses based on differences between
males and females and verify them in experimental animals. However, lifespan research is rate-limiting because
the lifespan of the experimental animal being studied is the limiting factor, and using mice would require more
than three years. Therefore, we are focusing on the African turquoise killifish (abbreviated as Killifish) as a
new model organism to solve these problems. This fish not only exhibits an aging phenotype similar to that of
humans, but also has a lifespan of only a few months, allowing for short-term analysis of lifespan and aging. In
addition, because males and females have different lifespans, it can be used for analyzing the molecular basis
of sex differences. We focused on germ cells, which are a crucial difference between males and females, and
analyzed the relationship between germ cells and lifespan using killifish as a model. In Killifish, the average
lifespan of females is normally 1.2 times longer than that of males, but surprisingly, when germ cells were
removed, the lifespan of males increased by about 13%, while that of females decreased by about 7%, resulting
in similar lifespans for males and females. Next, we analyzed the molecular basis of germ cell signaling
through transcriptome analysis. As a result, we found that removing germ cells activated the synthesis of
activated vitamin D in the liver of males, suppressing aging of bones, muscles, and skin and extending lifespan.
In females, however, IGF expression in the liver increased, and IGF signaling was overactivated throughout
the body, accelerating aging. In other words, we found that the signal from germ cells to the liver causes sex
differences in lifespan. Furthermore, when vitamin D was administered to normal Killifish, healthy lifespan
(maintenance of youthful muscles, skin, etc.) was extended, with the 50% survival period extended by 30% in
males and 10% in females. This indicates that vitamin D is an "anti-aging hormone that works on both males
and females, although there are sex differences in its effects” (Abe et al, Science Adv 2024). We are currently
conducting further analyses of the sex difference mechanisms, and we would like to share our progress in

these studies.
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Clinical Significance of Somatic Sex Chromosome Loss

Soichi Sano

National Cerebral and Cardiovascular Center Laboratory of Cardiovascular Mosaicism

Somatic cells can lose sex chromosomes during aging. In men, this manifests as loss of the Y chromosome,
whereas in women, one of the X chromosomes may be lost. These age-related somatic mosaic events are
known as mosaic loss of Y chromosome (LOY) and mosaic loss of X chromosome (LOX), respectively. Although
such cells can be detected even in younger individuals, their prevalence rises sharply with age. From
the perspective of the evolutionary concept of the “selection shadow,” phenotypes that emerge after the
reproductive period are less efficiently eliminated by natural selection, raising the possibility that LOY and
LOX exert biologically meaningful effects on the individual. However, the significance of these phenomena
remains poorly understood. Our laboratory has been investigating the clinical and biological significance of
somatic sex chromosome loss. In particular, we have studied the relationship between blood-cell LOY and
cardiovascular disease in men, demonstrating that LOY is associated with increased cardiovascular risk.

We have further explored the causal contribution and mechanistic basis of LOY using animal models (Sano
S. Science. 2022; Horitani K. Nature Cardiovascular Research. 2024). More recently, we have also begun to
investigate blood-cell LOX in women. In this lecture, I will present current approaches for detecting sex
chromosome loss, summarize clinical findings obtained using these methods, and discuss mechanistic insights

derived from experimental animal studies.
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Molecular mechanisms regulating sex differences in skeletal muscle
plasticity: implications for disuse atrophy and sarcopenia

Toshinori Yoshihara

Graduate School of Health and Sports Science, Juntendo University

Sex differences in body size and composition emerge after puberty due to biological factors, including
hormonal regulation. These differences are reflected not only in athletic performance but also in skeletal muscle
plasticity, including responses to exercise and disuse. For example, resistance training-induced hypertrophy is
generally greater in males, whereas disuse-induced muscle atrophy has been reported to be more pronounced
in females. However, the molecular mechanisms underlying these sex differences remain largely unknown.
Using a rat model, we have investigated the molecular basis of sex differences in skeletal muscle atrophy and
recovery. Our findings demonstrate that activation of TGF- f /Smad2/3 signaling promotes muscle atrophy in
female rats and that inhibition of angiotensin II type 1 receptor (AT1R) suppresses this pathway. Furthermore,
muscle-specific knockdown of AT1R using AAVY resulted in a pronounced protective effect against disuse-
induced atrophy specifically in female rats. These findings suggest that renin-angiotensin system (RAS)
signaling plays a key role in regulating sex differences in skeletal muscle atrophy. This symposium provides an
overview of current knowledge on sex differences in skeletal muscle plasticity, with a particular focus on the
role of RAAS signaling in disuse-induced muscle atrophy. It also discusses the implications of these findings
for skeletal muscle aging and sarcopenia. Finally, it highlights potential molecular mechanisms underlying sex

differences in muscle aging and their clinical relevance based on evidence from human studies.
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Regulation of epigenetic aging through exercise and nutrition:
Multifaceted insights from human and animal models

Takuji Kawamura

Smart-Aging Research Center, Institute of Development, Aging and Cancer, Tohoku University

Aging is the primary risk factor for chronic diseases, and the geroscience hypothesis proposes that targeting
aging directly can effectively extend healthspan. DNA methylation-based aging clocks, including second-
generation clocks like DNAmGrimAge and the third-generation DunedinPACE, serve as robust biomarkers
that reflect physiological states more accurately than chronological age. This presentation integrates
recent findings from the WASEDA'S Health Study involving 144 older men, where directly measured
cardiorespiratory fitness (CRF; VO2peak) was significantly associated with lower AgeAccelGrim and a
slower pace of aging. ROC curve analysis identified a potential VO2peak threshold of 26.2 mL/kg/min for
distinguishing individuals with slower biological aging. Furthermore, a healthy Japanese dietary pattern (rich
in vegetables, fruits, and seafood) significantly correlated with delayed biological aging, while a Western-style
dietary pattern showed no such association. Multiple regression analysis indicated that lifestyle factors such
as smoking and high triglyceride levels contribute more significantly to accelerated aging than CRF. Animal
models using selectively bred LCR/HCR rats revealed that CRF impacts the methylome in an organ-specific
manner, with the soleus muscle exhibiting the highest sensitivity. We also observed significant inter-individual
variability, notably that individuals with a higher baseline biological age showed more pronounced beneficial
effects from exercise. These findings support personalized geroscience interventions that consider baseline

status and organ-specific responses to optimize healthy longevity.
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Skeletal muscle-vascular crosstalk through exercise and nutritional
interventions: Insights from animal studies and human trials

Motoyuki Iemitsu

Faculty of Sport and Health Science, Ritsumeikan University

With aging, skeletal muscle mass and function decline, contributing to sarcopenia and impaired physical
function. In addition to muscle mass, ‘muscle quality,” including intramuscular fat accumulation and fibrosis,
is an important determinant of muscle function. Even when apparent muscle mass is preserved, increased
intramuscular fat and fibrous tissue may impair muscle function. Recent studies have also suggested that age-
related declines in muscle mass, function, and quality are associated not only with impaired motor function
but also with increased risks of cardiovascular disease, diabetes, and cognitive impairment. Skeletal muscle is
one of the largest organs in the body and functions as an endocrine organ. Skeletal muscle-derived bioactive
factors, known as myokines, are secreted into the circulation and act on other organs and tissues, including
blood vessels, liver, adipose tissue, and brain. Thus, quantitative and qualitative changes in skeletal muscle
may influence vascular function and structure through humoral factors, including myokines.

We have investigated the association between muscle quality and vascular function using magnetic
resonance spectroscopy (MRS) to assess extramyocellular lipid content, ultrasound-based muscle echo intensity
to evaluate muscle fat infiltration and fibrosis, and cardiovascular disease-related vascular indices such as
pulse wave velocity (PWV) and flow-mediated dilation (FMD). Our studies have shown that age-related
increases in extramyocellular lipid content and muscle echo intensity are associated with increased arterial
stiffness. Furthermore, we have demonstrated that habitual aerobic exercise reduces arterial stiffness along
with decreased extramyocellular lipid content, whereas habitual low-intensity resistance exercise improves
endothelial function along with reduced muscle echo intensity.

As potential mechanisms underlying these adaptations, we have examined the involvement of exercise-
induced myokines, including apelin, Fstl-1, and irisin, in both animal models and human trials. We have shown
that habitual resistance exercise may reduce circulating Clq, an aging-related myokine associated with muscle
fibrosis and arterial stiffening, thereby contributing to improved muscle quality. Furthermore, combining
exercise with foods or supplements may enhance improvements in muscle quality and cardiovascular disease
risk through the regulation of myokine secretion. These findings suggest that skeletal muscle-vascular
crosstalk may be involved in the beneficial effects of exercise and nutritional interventions on sarcopenia and
cardiovascular disease risk.

This symposium will summarize our findings from human trials and animal models and discuss the role of

skeletal muscle-vascular crosstalk in the beneficial effects of exercise and nutritional interventions.
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Bifidobacteria and Gut Microbiota in Aging:
Insights from Basic and Clinical Studies

Shin Yoshimoto

Biotics Research Institute, Research Division, Morinaga Milk Industry Co., Ltd., Japan

Aging is a complex biological process characterized by progressive functional decline and increased
susceptibility to chronic diseases. In recent years, the gut microbiota has attracted attention as a factor
associated with host aging and longevity. The gut microbiota forms a dynamic ecosystem that interacts with
the host and contributes to immune regulation, metabolic homeostasis, and maintenance of intestinal barrier
function, all of which change with age.

Among gut microbial taxa, bifidobacteria have received particular interest. Although prevalent in healthy
individuals, their abundance generally decreases with advancing age. Observational studies in older populations
have reported age-associated changes, including a reduction in bifidobacteria and an expansion of inter-
individual variability in gut microbiota composition. These alterations have been suggested to be associated
with changes in immune function, intestinal health, and chronic low-grade inflammation, which are recognized
features of aging.

Insights into the potential roles of bifidobacteria have been accumulated through basic and clinical studies
focusing on host-microbe interactions. In vitro and molecular studies suggest that specific bifidobacterial
strains are associated with modulation of immune responses, maintenance of intestinal barrier function, and
regulation of inflammatory signaling pathways. In addition, gut microbiota—-derived metabolites, such as short-
chain fatty acids and indole derivatives, have been proposed to influence host pathways related to inflammation
and oxidative stress.

Recent studies emphasize the gut microbiota as an integrated community rather than individual bacterial
strains. Within this framework, bifidobacteria are regarded as one of the major bacterial groups influencing
gut microbiota composition and function, and their involvement in age-associated changes related to dysbiosis
has been discussed.

In this lecture, current knowledge from basic and clinical studies related to bifidobacteria and aging will

be presented, providing an overview of gut microbiota—associated mechanisms in age-related physiological
changes and healthy aging.

Keywords

Bifidobacterium; Gut microbiota; Aging; Dysbiosis; Host-microbe interaction
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® Ozaki H et al, Muscle size and strength of the lower body in supervised and in combined supervised and
unsupervised low-load resistance training. Journal of Sports Science and Medicine,19:721-726, 2020.

® Yamamoto A et al. Lemon myrtle (Backhousia citriodora) extract and its active compound, casuarinin,
activate skeletal muscle satellite cells in vitro and in vivo. Nutrients, 14(5):1078, 2022.

® Sawada S et al. Effect of resistance training and lemon myrtle extract on muscle size of older adults :
A pilot randomized controlled trial. Functional Foods in Health and Disease, 14(12):934-946, 2024.

® Sawada S et al. Lemon myrtle extract enhances muscle hypertrophy induced by low-load bodyweight
resistance training in older adults: Findings from two independent randomized controlled trials.
The Journal of nutrition, health and aging, 29(12):100706, 2025.

® Mitsuhashi R, et al. Low-dose lemon myrtle supplementation enhances muscle hypertrophy in older
adults undergoing low-load resistance training: A randomized controlled trial. Journal of Aging Research,
2026:8887586, 2026.
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Understanding the mechanisms that maintain energy homeostasis in the living organisms is essential for elucidating the
pathophysiology of metabolic diseases, including metabolic syndrome (MetS). Lipid droplets (LDs) are highly dynamic
organelles that having crucial roles in regulating cellular energy homeostasis. Recent studies have revealed that the
dysregulation of this process is associated with various diseases.

In the process of RNAI screening for genes involved in MetS, we identified a phenotype exhibiting dramatically extended
starvation resistance in Drosophila. Further investigation revealed that toucan (toc), which encodes a microtubule protein,
as the causative gene. Although toc has been primarily reported to be involved in cell division and spindle formation, its
role in metabolic regulation remains unknown. Analysis of toc mutants revealed that these flies not only exhibited
dramatically extended starvation resistance but also displayed significantly smaller LDs in both larval and adult fat bodies.
On the other hand, similar phenotypes were not observed in flies with fat body-specific knockdown of genes encoding
microtubule-associated proteins. These results suggest that the observed phenotypes are specific to toc deficiency.
Currently, we are investigating the physiological roles of toc to understand how it is involved in lipid metabolism and
energy storage. This study has the potential to elucidate an unknown crosstalk between microtubule-associated proteins
and lipid metabolism, which is expected to lead to a novel understanding of metabolic disorders.
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Dietary restriction (DR) is an effective nutritional intervention that prevents metabolic disease and extends healthy
lifespan, yet its effect often display sexual dimorphism in multiple species. In Drosophila, females subjected to DR exhibit
greater starvation resistance than males, but the underlying mechanisms remain unclear.

We first analyzed lipid droplet accumulation in the fat body and intestine, two major lipid storage organs. Under DR
conditions, we found pronounced sexual dimorphism in lipid droplet accumulation specifically in the intestine. We further
identified that the lipolytic factors brummer (bmm) and Lipid Storage Dropletl (Lsd1), homologs of mammalian ATGL
and Perilipin 1, respectively, contribute to this DR-dependent, sex-specific lipid droplet localization.

To assess the role of steroid hormone in this phenomenon, we knocked down the steroid hormone biosynthetic enzyme,
Neverland (nvd), which did not alter lipid droplet localization, suggesting that steroid hormone is not involved. In
contract, intestine-specific knockdown of the sex-determination gene transformer (tra) abolished the DR-induced sexual
dimorphism in lipid droplet distribution. Furthermore, DR-mediated enhancement of starvation resistance was partially
suppressed, mimicking the male phenotype.

These findings suggest that somatic sexual identity in the intestine regulates bmm and Lsd1 expression, thereby shaping
systemic metabolic responses to DR. Our study reveals an intestine-intrinsic mechanism underlying sexual dimorphism in
DR-mediated lipid metabolism and stress resistance.

¥ — 7 — F: Dietary restriction, lipid metabolism, sexual dimorphism

_60_



01-3/S
&0+ 70 LA > BISRILBAE YRC2606 HROVBRE e (C R (F T8

R R
fE IR KE
R
CIES RERH A TR AR 5
(ERUIPN (ELUPNT L OBEAEMRASHE
MR b
LA AL (LN

Il ZLME oM, BE REERECHNMEE O BHRK D X 5 IWHFRNRRICERE 2D 203, b OBRRITME
TEDIBMERIETH 2 REZAERL L, MREEVEROREY X7 2ED 5 2 ERMbN T3, KBITHFtIcE T,
Ziin~ v 21T Lentilactobacillus kefiri YRC2606 #4BE X & % & & CTRIEZ(LBIF I NS 2 LR EaN w3, —fikic
BB E W AR G E RER 2N L CRB U RIESEICHELZ RITT L ARG I N TS, FrICHEREY v
SRR T H 2GR Y v o)E (mLN) 3BE RSB ORI EE A %H 2 H 5 . £ 2 TRIFFETIE, YRC2606 Fic
X B BIELACHIHIEE & LIS S RE 0 2L 238 5.4 3 & PR L. mLN 2 BT 3 ZIERE S F 5 X OHiiaE(v B
9 F D FIEAC & AT L 72,

C57BL/6 v % (16 71 Hl®) ~ YRC2606 ##% 5 mg/mouse/day T 56 HFIEE x4, 57 HH K (SP)., mLN ¥
X OME R L7, BUAIEOIHMEEE & L<, SP. mLN icH1F 3 IL-6 OBETFHIHL L% b KICHFIC BT 3
IL-6 DX VX7 ERBEL_XAUVEF L2, DR, Zic X DML 72 IL-6 I L ~ 28, YRC2606 Bk EHUC X
DIET L7z, F7, MlaZLofHiiEE & U<, MIEEHEEERTTH 2 ple 5 XU p2l DFBL {0 ITOWTHITL
2L 2A, mLNICHBWTELIC X VBN L 72 p21 DFEBIL <128 YRC2606 ¥R OBHUC X 0 HEIIETF L 72,

D EofER L0, YRC2606 #Rix, BHE D ) v ~HBIC/ER L <. RIEZLAENHIT 2 2 L2RBE i, 5%IT
YRC2606 #RIC X BB HERIEMHIA = X L2 S 203 2 72010, BNMIERE OZIC O W TRIT 21T w0,
¥—7—F: RIEEA, ALBE, BERE, FIRIE

01-4/S
BIGEHICHIT BRI 7 FZIA IS k=)L 4,5-Z U S EEDHEERRAT

Fis #i7
FUHRLR 2 KA BRI T2 i e R dr B MR B

eaEib

YN BALEER A A
RO BERFR AR A BRI B T2 e} O BRI RIS T2 SR BRI R S AR B T
B YRR GRS BRI S

RATZ7FVNAL ¥ b= 45-T) Vg [PL(4,5)P2] IMIBEBICHIET &Y vIRECTH 5, cnF Tlic, REM
R HELEI I 72 S EE DR I BT, PI(4,5)P2 i X 0 e B LR BIAFE I N 3 L W RS T
B0, PI(4,5P2 idfifgEfticxnf LCifigicE < U vIBE CTH 2 [REMEZ "R L T & &, I 51T, Elli~ T RDEIK
FICIRFER~7 AL LT PI4S5P2EBNKTTE 2L LML RoT WS, 22 TR TR, BRHICEIT 3
PI(4,5)P2 oRe % AT 2 2 L 2 HIE L7z, T3, HFMIgics I % PI(4,5)P2 o%E| 23 5720, <7 ZfHEF
HIfErR C2C12 I HIfEE/RTERL o P1(4,5)P2 iR # I X ¥ 72, ZDFER, ¥4 2 U vIkTFEE* > — € HER T O 5
W ER B XU SA-B-gal iGtEoEMA L, MlEEOFREIEEINZ, ThHDER2 S, fEFildics T
PI(4,5)P2 OFP e Z R IR 2 58§ 2 2 L ARB S Iz, Ric, MR P1(4,5) P2 4y fiflgsRE % BH& 1
FERMCKEAT I IS v AV =y 7~y 2% ERIL, BRBHOMBIES L OERELZ T L 72, TR, 2 v bm
AR TREHE LT 7 VAY 22y 7= ATIIEKHERE S X CHHRMERREOK T2 b, T HIKEN
HECEWTH, P I VAV 2o v 7~ ATHERKRTABE I N, YU EOERD S, PI(4,5)P2 O 1352
faic B 2 MlELRZE s X EEHIOZEMEZ N L <. BRHEREEDIK T ICBE G 3 2 vlReENmR S iz,
F—T—F: B, SR 77 FIONL v b= 45-20 VR

_61_



O1-5/A
EEHAS LUBIMHBIN DR CH I BES >/ U BRN B EEHHEMCRETHE

HRE
WU REFER 2 v 2 —WT9Ei 4Ll

BaEibeE

EEZCLEUN TSR
FOHME R A R v % —BFZERT FOHME R R A P 2 v 2 —BFJERT
ALl o AL

[Objective] Recent studies have suggested that the balance of dietary macronutrient influences aging and metabolic
health. We previously reported that increasing the dietary protein ratio suppresses hepatic lipid accumulation in young
and middle-aged mice (Kondo et al, GeroScience, 2023) . However, the effects of dietary macronutrient composition on
adipose tissue remain poorly understood. Therefore, the present study examined how different dietary protein-to-
carbohydrate ratios affect adipose tissue in young and aged mice.

[Methods] Male C57BL/6] mice at young (6 months) and aged (22 months) stages were fed one of five experimental
diets with different protein energy ratios for 4 weeks (4.3 kcal/g; fat 30%; protein 5%, 15%, 25%, 35%, or 45%;
carbohydrate 65%, 55%, 45%, 35%, or 25%). After a 3-hour fast, the mice were euthanized and epididymal white adipose
tissue was collected. Comprehensive gene expression analysis was performed using RNA sequencing of epididymal
adipose tissue.

[Results] Although food intake was higher in the 5% protein group in both age groups, body weight, epididymal adipose
tissue weight, and inguinal subcutaneous adipose tissue weight were significantly reduced in this group. Gene expression
analysis of epididymal adipose tissue showed that the adipose-derived stem cell markers Cd34 and Thyl were
downregulated in the 5% protein group. In addition, the expression of proliferation markers Mki67 and Ccnd1 was also
decreased. Furthermore, the expression of the progenitor cell marker Zfp423 was reduced, suggesting suppressed
proliferation of adipose-derived stem cells. Histological analyses to evaluate adipocyte number and adipocyte size are
currently underway

[Conclusion] In both young and aged mice, a low-protein diet (5% protein) reduced adipose tissue mass despite increased
food intake. These findings suggest that suppression of adipose-derived stem cell proliferation may contribute to the
reduction in body fat mass.

¥ — 7 — I': dietary macronutrient composition, epididymal white adipose tissue, adipose-derived stem cells
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As the aging population increases, the number of patients with kidney failure, such as chronic kidney disease (CKD),
continues to increase. In older adults, distinguishing age-related functional decline from disease is often challenging,
leading to delayed diagnosis and progression to severe stages. Advanced CKD is difficult to fully treat and imposes
substantial physical and financial burden. On the other hand, even without disease, age-related decline in renal function is
lower glomerular filtration rate, resulting in misdiagnosed of CKD in some older adults. Therefore, clearly separating age-
related changes from pathological alterations is an urgent issue. To address this, we focused on glycans, which play
essential roles in diverse physiological processes, aiming to identify renal cell-specific age-related glycan changes and
clarify their relevance to disease. In this study, we analyzed age-related glycan changes in mouse kidneys across
generations using lectin microarray and tissue staining.

We identified novel glycans that disappear with aging in specific glomerular regions involved in blood pressure regulation
and showed that glycan markers can track characteristic cellular dynamics in this area. These glycans were expressed on
cells forming the renal blood pressure regulation system, suggesting their involvement in age-related blood pressure
control. Future work will aim to clarify how these glycans influence blood pressure-regulating mechanisms and their
correlation with aging and disease.
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Pyrroloquinoline quinone (PQQ) and its derivative imidazopyrroloquinoline (IPQ) are nutritionally important, vitamin-
like compounds that exert various physiological effects, including cell-growth promotion, neuroprotection, and
stimulations of mitochondriogensis. PQQ and IPQ may act as potential anti-aging substances that promote the extension
of healthy lifespan. In this study, we investigated the effects of PQQ and IPQ intake from weaning on aging-related
alterations such as muscle function and lifespan in mice. We conducted lifelong 0.02% (w/w) PQQ and 0.02% (w/w) IPQ
supplementation experiments using senescence accelerated mice P8 strain that have a short lifespan. Mice fed PQQ and
IPQ plus diets from weaning maintained a healthy appearance as they aged. In addition, PQQ relatively increased muscle
function, and IPQ slowed the rate of age-related decline in muscle function. Interestingly, the timing of age-related death
was significantly delayed in both groups, especially in the PQQ group. The day of 75% survival was prolonged by
approximately 60% and 30% in the PQQ and IPQ groups, respectively, compared with that in control. The effects of
PQQ and IPQ on the aging process described above may be due to the combined effects of their antioxidant activities and
other physiological functions. To the best of our knowledge, this is the first study to demonstrate that PQQ and IPQ
supplementation is effective in ameliorating age-related alterations, such as neuromuscular function, and extending
healthy lifespan in mammals.

¥ — 7 — F: pyrroloquinoline quinone, imidazopyrroloquinoline, neuromuscular function
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[Background] Acute aortic dissection (AAD) is a life-threatening emergency that occurs most frequently in adults aged
65-75 years. Inflammation plays a central role in its pathophysiology. Inflammatory mediators such as IL-6, MMP-9, and
CXCL1 contribute to aortic wall fragility and disease progression. Molecular hydrogen (H.) exhibits anti-inflammatory
effects with few adverse events, and we investigated its therapeutic potential in AAD.

[Methods] An AAD mouse model was used to assess the effects of 2% H inhalation on aortic pathology and neutrophil
dynamics. Neutrophil chemotaxis to CXCL1 was evaluated using transwell assays under Hz exposure. A clinical safety
study in patients with AAD involved 3 days of 2% H; inhalation.

[Results] H, inhalation improved 24-hour survival, reduced aortic rupture, and limited dissection expansion in AAD
mice. H, treatment attenuated neutrophil infiltration into the dissected aorta and mitigated the reduction of bone marrow
neutrophils, while suppressing serum MMP-9, IL-6, and CXCL1 levels. In vitro, CXCL1-induced neutrophil migration
was significantly inhibited under Hz exposure. In patients, H. therapy was well tolerated and was associated with improved
PaO./FiO; ratios (a measure of lung oxygenation) and reduced serum MCP-1 levels.

[Discussion] H: attenuates AAD progression by modulating neutrophil-driven inflammation, including inhibition of
neutrophil migration in vitro. These findings suggest that H, may provide a safe and effective therapeutic option for frail
elderly patients, for whom treatment options are often limited.

¥ — 77 — I: acute aortic dissection, neutrophil, H; gas
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Nutritional Modulation of Neuroinflammation in Parkinson’s Disease

Jaewon Lee

Department of Pharmacy, College of Pharmacy, Pusan National University, Busan 46241, Republic of Korea
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Parkinson’s disease (PD) is a progressive neurodegenerative disorder characterized by the selective loss of dopaminergic
neurons in the substantia nigra. Increasing evidence suggests that chronic neuroinflammation, particularly glia-mediated
immune responses, plays a central role in PD pathogenesis. Astrocytes are now recognized as key regulators of the
neuroimmune environment through their interactions with microglia and neurons. Here, we investigated whether
nutritional compounds with anti-inflammatory properties can modulate astrocyte-mediated neuroinflammation and
provide neuroprotection in PD models. Taurine supplementation via drinking water and dietary administration of the
flavonoid morin were evaluated using in vitro systems and an MPTP-induced mouse model. Both interventions
significantly attenuated neuroinflammatory responses and protected dopaminergic neurons. Taurine reduced astrocyte
reactivity and inflammatory signaling, while morin suppressed pro-inflammatory mediators and neurodegeneration. These
findings suggest that taurine and morin may serve as nutritional strategies for targeting neuroinflammation and promoting
neuroprotection in Parkinson’s disease.

Keyword: Brain Aging, Neuroinflammation, Parkinson’s Disease, Astrocytes
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Role of Neuro-Immune Interactions in Age-Related Chronic Pain
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Department of Neuroimmune System, Geroscience Research Department of Neuroimmune System, Geroscience Research
Center, National Center for Geriatrics and Gerontology Center, National Center for Geriatrics and Gerontology

Chronic pain is a major global health problem affecting millions of individuals worldwide and exerting substantial physical, psychological,
and social burdens. The prevalence of chronic pain increases with age and becomes particularly high in individuals over 75 years old.
Although age-associated chronic low-grade inflammation has been suggested to contribute to the development of chronic pain in older
adults, studies from this perspective remain limited. Therefore, establishing novel therapeutic strategies for chronic pain and improving
patients’ quality of life are important challenges. Sensory stimuli are detected by sensory receptors and transmitted to the central nervous
system through primary afferent neurons. During this process, external stimuli are converted into electrical signals and perceived through
neural circuits. Traditionally, pain research has mainly focused on neuronal activity within nociceptive pathways. However, recent studies
have demonstrated that non-neuronal cells in the spinal cord, including microglia and astrocytes, are critically involved in the
development and maintenance of chronic pain. In this presentation, we focus on the role of the neuro-immune interface in peripheral
tissues in regulating nociception. Based on findings obtained from mouse models and epidemiological studies on aging, we introduce the
bidirectional communication between neurons and immune cells. Based on these findings, we aim to provide insights into the
multilayered regulatory mechanisms of the nociceptive system and discuss the potential for identifying novel peripheral molecular
mechanisms underlying chronic pain, as well as developing new therapeutic targets.

Keyword: Pain, Neuroimmune
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The prevalence of Alzheimer’s disease (AD) increases significantly with age, yet dissecting the causal links between aging,
genetic risk, and disease onset remains challenging. While induced pluripotent stem cells (iPSCs) lose age-associated
phenotypes through reprogramming-induced rejuvenation, this characteristic offers a unique platform to systematically
reconstruct and investigate specific age-related factors. In this presentation, I will discuss our efforts to model cellular
aging and innate immunity using human induced pluripotent stem cells (iPSCs). Specifically, we demonstrate that healthy
iPSC-derived astrocytes exhibit trained immunity-like characteristics, acquiring a primed state following transient
immune stimulation. These primed astrocytes secrete elevated levels of cytokines in response to A § and subsequently
enhance microglial clearance of A . Crucially, astrocytes carrying the APOEA4 risk allele show impaired priming and fail
to support microglial A 8 phagocytosis. Validated across co-cultures, cerebral organoids, and mouse models, our findings
identify astrocytic trained immunity as a key modulator of A § pathology. This work highlights the utility of iPSC models
in elucidating how genetic risk factors disrupt early protective responses, providing critical insights into AD progression.

Keyword: Alzheimer’s Disease, Astrocytes, Trained Immunity
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Atypical protein kinase C- A is a gatekeeper that prevents cellular senescence and myogenic lineage
deviation in satellite cells
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Background: Age-related declines in the number and function of muscle satellite cells have been implicated in the
development of sarcopenia. We previously demonstrated that the cell polarity protein Scrib controls satellite cell function.
However, the role of another key cell polarity protein, atypical protein kinase C- A (aPKC 4 ), and its age-related
alterations remain largely unclear.

Purpose: This study aimed to clarify the role of aPKC A in satellite cells and its association with age-related functional
decline in muscle regeneration.

Methods: Tamoxifen-inducible and satellite cell-specific aPKC A knockout mice were generated. Muscle injury was
induced by cardiotoxin injection to assess regenerative capacity. Satellite cells isolated from hindlimb muscles in young
and aged mice were cultured and subjected to functional analyses.

Results: Muscle regeneration was markedly impaired in aPKC A -deficient mice. Satellite cells lacking aPKC A exhibited
cellular senescence, characterized by reduced proliferative capacity and increased genomic instability, accompanied by
altered histone acetylation, and lost their myogenic identity. Aged satellite cells displayed senescence phenotypes
associated with decreased aPKC A expression. Importantly, retrovirus-mediated expression of aPKC A in aged satellite
cells improved muscle regeneration capacity when transplanted into mdx mice following cardiotoxin-induced injury.
Conclusion: aPKC A functions as a gatekeeper that prevents cellular senescence and myogenic lineage deviation in
satellite cells. Therefore, the loss of aPKC A with aging may be associated with the development of sarcopenia.

Keyword: aPKC A, Satellite cells, Cellular senescence.
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Senolysis targeting receptor tyrosine kinases

Young-Sam Lee
Department of New Biology, DGIST

Receptor tyrosine kinases (RTKs) are key regulators of cell survival and tissue homeostasis. While senolytics targeting
survival pathways in senescent cells are emerging as potential therapies for age-related diseases, the role of RTKs in
senescence has been unclear. We identified two RTK inhibitors,nintedanibandsunitinib, as novel senolytics. Nintedanib
selectively induced intrinsic apoptosis in senescent cells. Instead, the drug arrested the cell cycle of nonsenescent cells
without inducing cytotoxicity. Unlike ABT263, a well-known senolytics, nintedanib did not reduce Bcl-2 proteins but
suppressed theJAK2/STAT3 pathway, leading to caspase-9 activation and senescent cell death. In vivo, nintedanib
reduced senescence markers and collagen deposition in a bleomycin-induced lung fibrosis model. Sunitinib, which inhibits
PDGFR, triggered apoptosis in senescent human fibroblasts. In lung fibrosis, it decreased senescent cell burden,
suppressed SASP, and improved function.

Elevated PDGFR S phosphorylation in aged cells suggested a survival role; indeed, PDGFR 8 knockdown sensitized
senescent cells to apoptosis. Interestingly, sunitinib promoted JAK1 phosphorylation in nonsenescent

cells, conferring resistance against the drug. Together, these findings demonstrate that RTKs are critical survival factors
for senescent cells, and their inhibition may represent a promising strategy to develop senolytics for treating age-related
diseases marked by chronic inflammation and fibrosis.

Keyword: Cellular senescence, Senolysis, Receptor tyrosine kinases
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Nicotinic acetylcholine receptors (nAChRs) in the brain play a crucial role in the vasodilation in the hippocampus induced
by basal forebrain cholinergic activation or bolus intravenous injection of nicotine, an agonist of nAChRs. This study
aimed to clarify whether the sex differences exist in the increase of the hippocampal cerebral blood flow (CBF) via
activation of nAChRs.

Adult male and female rats were used. While under anesthesia and artificially ventilated, regional CBF in the hippocampal
was measured by laser Doppler flowmeter. Nicotine (3-100 u g/kg) was administered intravenously for 1 min. Arterial
blood pressure was recorded simultaneously.

Nicotine, at doses of 10-30 u g/kg, dose-dependently increased hippocampal CBF, without significant changes in mean
arterial pressure. The increase in hippocampal CBF by 30 u g/kg of nicotine usually lasted for several tens of minutes.
There were little sex differences in the above-mentioned responses. Nicotine, at a dose of 100 u g/kg, produced a lasting
increase in hippocampal CBF with transient increase of arterial pressure. The duration of increase in hippocampal CBF in
male rats was shorter than that in female rats.

The results indicate that intravenous injection of nicotine dose-dependently increased CBF in the hippocampus in both
male and female rats. Our findings suggest that there are sex differences in the increased hippocampal CBF mediated by
nAChRs when activated by a relatively high (100 u g/kg) dose of nicotine.
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Aging is associated with progressive decline in sensorimotor function, yet the molecular mechanisms linking neuronal
senescence to structural degeneration remain unclear. In this study, we investigated aging-associated senescence programs
in dorsal root ganglion (DRG) neurons and their contribution to sensory deterioration. Transcriptomic and molecular
analyses revealed activation of an aging-associated p16-Srebf1 pathway in a subset of DRG neurons. This program
coincided with enrichment of apoptosis-related signaling in the broader neuronal population, suggesting non-cell-
autonomous interactions between senescent and neighboring neurons.

To explore this possibility, we performed in vitro co-culture experiments and found that pl16-activated senescent neurons
induced under aging-mimicking culture conditions secreted SASP factors that induced oxidative stress and apoptotic
activation in otherwise healthy neurons. These findings indicate that neuronal senescence promotes structural
degeneration indirectly through SASP-mediated pro-apoptotic signaling, rather than through apoptosis of senescent
neurons themselves.

Importantly, long-term treadmill exercise from young to old age did not eliminate senescent neurons. Instead, exercise
preserved the aging-associated senescence program while remodeling SASP composition toward a TGF- 8 1-centered
inflammation-regulatory profile, which was associated with preservation of neuronal structure and sensory function. These
findings suggest that habitual exercise promotes beneficial and resilient neuronal senescence in post-mitotic neural
tissues.
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Age-related cognitive decline is a major global public health concern. The relationship between the gut microbiota and
cognitive function has attracted attention, and several studies report cognitive benefits from supplementation with lactic
acid bacteria. Previously, we screened lactic acid bacteria using Caenorhabditis elegans to identify strains that may
preserve cognitive function. Nematodes learn associations between food and cultivation temperature and migrate toward
their prior cultivation temperature (thermotaxis), but this ability declines with age. Lactobacillus paragasseri SBT2055
(LG2055) ameliorated age-dependent thermotaxis decline. We then evaluated the effects of LG2055 on cognitive function
in humans. In a double-blind, parallel-group, placebo-controlled trial, healthy adults aged 65-74 years with subjective
cognitive complaints (e.g., forgetfulness) ingested capsules containing LG2055 (>1.0 X 10”9 cells/day) or placebo
capsules containing starch for 12 weeks. Cognitive function was assessed at baseline and week 12 using the Cognitrax
computerized test battery. Compared with placebo, the LG2055 group had a significantly higher Stroop score and a
significantly greater change from baseline in Symbol Digit Coding. As these tests reflect reaction time and processing
speed, respectively, LG2055 may improve information-processing ability in older adults. Furthermore, our results indicate
that evaluating memory maintenance in nematodes may provide a useful platform for the development of functional
materials aimed at improving cognitive function in humans.
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[Objective] Cognitive decline in aging populations represents an urgent public health concern, and early detection and
intervention are expected to delay its progression. We aimed to identify biomarkers for cognitive decline by proteomics of
plasma extracellular vesicles (EVs) from a longitudinal cohort study.

[Methods] Plasma samples were obtained from the SONIC (Septuagenarians, Octogenarians, Nonagenarians
Investigation with Centenarians) study, a longitudinal cohort of community-dwelling older Japanese adults. Participants
were classified into cognitive decline and stable groups (n = 12 each) based on MoCA-] assessments over a 6-year period.
Plasma EVs were isolated by affinity purification using anti-CD9/CD63/CD81 antibodies, followed by LC-MS/MS-based
proteomic analysis.

[Results] Proteomic analysis identified ~750 proteins per group. Paired t-tests comparing baseline and 6-year samples
identified 40 proteins with >1.5-fold change in the decline group (5 increased, 35 decreased). Among proteins uniquely
changed in the decline group, we focused on MME (Membrane Metallo-Endopeptidase, neprilysin), which was notably
increased at 6 years. We confirmed elevated EV-associated MME in plasma using a CD81 X MME sandwich ELISA. In
contrast, secreted plasma MME measured by AlphalLISA showed no significant change in the decline group.

[Discussion] EV-associated MME showed distinct behavior from secreted MME, being specifically elevated in the
cognitive decline group. These findings suggest that EV-associated MME could serve as a potential novel biomarker for
cognitive decline.

¥ — 7 — I: extracellular vesicles, proteomic analysis, longitudinal cohort
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Geriatric depression is a mental disorder with somatic-vegetative symptoms that impairs independent activities of daily
living. Despite its prevalence, the specific cause of age-related depression remains poorly defined. We aimed to clarify
whether advanced glycation end products (AGEs), a hallmark of aging correlate with the onset of geriatric depression.
We first confirmed that the AMPK-NAD+-SIRT1 pathway was downregulated by AGEs-BSA in SH-SY5Y cells in a dose-
dependent manner. Concomitant with SIRT1 inactivation, AGEs-BSA induced excess FOXO1 acetylation, which in turn
facilitates MAO-A transcript. To reveal the relationship between accelerated aging and depressive-like behavior, we
utilized senescence-accelerated-prone (SAMP) mice to evaluate the protein expression of AGEs and behavioral
phenotypes. SAMP10 mice aged 9 months or older exhibited the depressive-like behavior compared with age-matched
SAMRI1 mice. Consistent with behavioral results, the protein expression of AGEs in the prefrontal cortex (PFC) of
SAMP10 mice markedly increased from 9 months of age. Similar to in vitro study, both NAD+ production and SIRT'1
activation were downregulated in the PFC of SAMP10 mice at 9 month-old. Additionally, hyperacetylation of FOXO1 and
facilitated MAO-A transcript were observed in the PFC. Finally, we confirmed reduction of 5-HT levels in the PFC of
SAMP10 mice.

Thus, dysfunction of monoamine oxidase activity induced by AGEs could be one possible cause of geriatric depression.
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Calcium/calmodulin-dependent protein kinase IT (CaMKII) is highly localized in the post-synaptic densities of excitatory
synapses and we focus on CaMKII regulation for cognitive or mental dysfunction by Na+/Ca2+ exchangers (NCXs).
NCXs have three different isoforms (NCX1, NCX2, NCX3) encoded by distinct genes. Here, we found that heterozygous
mice lacking NCX1 (NCX1+/-) exhibit impaired amygdala-dependent cued fear memory. NCX1+/- mice showed
abnormality in cued fear memory but not in contextual fear memory in a fear-conditioning task. By contrast, NCX2+/-
mice showed significantly impairment of learning and memory-related behaviors and hippocampal LTP. CaMKII
autophosphorylation significantly decreased in the hippocampal CA1 region of NCX2+/- mice compared to wild-type
(WT) mice. Furthermore, we have identified that NCX3 was localized in the dopaminergic neuron of the ventral
tegmental area which was the source of the dopamine innervation of the prefrontal cortex. NCX3+/- mice showed
hyperactivity and social deficits and NCX3+/- mice displayed decreased extracellular levels of dopamine triggered by
social stimuli and persistent elevation of basal dopamine levels relative to WT mice. In this presentation, we introduce the
characterization of NCXs phenotypes using mice lacking NCXs.

¥ — 7 — I: Calcium/calmodulin-dependent protein kinase II, Na+/Ca2+ exchangers, cognitive or mental dysfunction
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Spaceflight induces muscle atrophy, myofiber type transitions, and functional decline, recapitulating key features of aging-
related muscle deterioration. Thus, spaceflight provides a unique model to study aging-related changes. Here, we
identified gravity thresholds that prevent these phenotypic alterations and examined whether circulating metabolic
changes reflect such thresholds. Using a centrifuge-equipped cage system aboard the International Space Station, mice
were exposed to microgravity, 0.33G, 0.67G, or 1G. Microgravity induced muscle atrophy, myofiber transitions, and
functional decline. These phenotypes were attenuated in a gravity-dependent manner. While 0.33G partially attenuated
muscle atrophy, preservation of myofiber type composition and muscle function required 0.67G. Transcriptomic analyses
revealed that 0.67G suppressed muscle atrophy-related gene expression and maintained myofiber metabolic identity,
indicating that 0.67G represents a functional threshold for preventing muscle deterioration. Importantly, plasma
metabolomic profiling identified gravity-dependent alterations in circulating metabolites, which may serve as biomarkers
for defining physiological thresholds of muscle decline. Collectively, these findings demonstrate that aging-related muscle
alterations in spaceflight are prevented at 0.67G and that circulating metabolites may serve as non-invasive biomarkers of
threshold-dependent muscle deterioration. Spaceflight experiments recapitulate aging-related muscle changes and provide
new insight into aging-related muscle deterioration on Earth.
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7o TOIFTVEPEAA v TV IEEERBIHT 27202 v A8 RNA-seq [T 21T o 72 & 25, K Maf 2 icffn
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Due to the global progression of aging, it is an urgent medical and social challenge to overcome sarcopenia, a progressive
disease characterized by age-related decline of muscle strength and mass. Through the analysis of aged mice and existing
human RNA-seq data, we discovered a novel molecular pathology of sarcopenia, namely skeletal muscle lactic acidosis.
Age-dependent accumulation of lactic acid and decrease of pH in skeletal muscle impairs muscle function, including
reduced muscle strength with mitochondrial dysfunction. Integrated analyses of gene expression and stable isotope
experiment suggest that skeletal muscle lactic acidosis is not caused by excessive lactic acid production within skeletal
muscle, but rather by increased uptake from outside the muscle. By focusing on lactic acid metabolism outside skeletal
muscle, we found age-related reduction of lactic acid processing capacity in the liver, which decreased systemic lactic acid
metabolism. Therefore, it is suggested that impaired lactic acid processing in the liver leads to its accumulation in skeletal
muscle, triggering skeletal muscle lactic acidosis. Interestingly, pharmacological and genetic approaches that activate lactic
acid processing in the liver of aged mice improved skeletal muscle lactic acidosis and muscle strength and mass.
Therefore, skeletal muscle lactic acidosis induced by reduced hepatic lactic acid processing capacity contributes to
sarcopenia pathology. These findings provide novel insights into the onset of sarcopenia and the development of its
prophylactic and therapeutic intervention.

¥ — 77 — F: Sarcopenia, Lactic acidosis, Lactic acid metabolism
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Glycans on proteins provide important molecular information reflecting physiological and pathological states. Aging is
accompanied by systemic molecular alterations, yet it remains unclear whether glycan alterations exhibit shared patterns
across different organs. To address this, we performed a comparative analysis of protein-bound N-glycans in mouse serum
and six organs (brain, lung, heart, liver, skeletal muscle, and kidney). While each organ exhibited a distinct glycan
signature, consistent age-associated shifts were detectable across tissues. In particular, paucimannose-type N-glycans were
elevated in multiple organs and showed a positive correlation with age. In the lung, expression of the lysosomal
glycosidases Hexa and Hexb was increased during aging, suggesting a potential link to the observed glycan changes.
Supporting this, senescent cultured cells displayed both enhanced HEXA/HEXB expression and accumulation of
paucimannose glycans. Together, these results indicate that paucimannose glycans represent a common feature of aging
across tissues and may reflect lysosome-associated processes, highlighting their potential as markers of cellular and organ
aging.

F—U—F: B NV Fev =R S avE—®

P-2
NDOREE RTDA A —)VLRSEED (C K DERIBERIRD) A A — 1 —DIER

ik fesc
FRERAY NFEMRREAER R R — 7 R R

ECib ey

20PN A HiET HH AT

fRMRE RERWIER I~ E 8= fBINRS: R¥ERE AR DITER PR KRB A K — 7 (RRREET R
AR — Y ERFAEE

AR EHL RO H—

fEINRY: R¥EE 2 RWTFER PR KRBT 2R — v BRI R

AR =V ERMEHE

TEBIINENC L S FEREOFIERIK T, ETH0EOUE, EFEMILM L EOMRIEHIN T I HE—DHNAETH
b, MAWFTRICEML 724 v 2= NVETEHOZNT I 04 F =2 2RO T ERE L2201 ], ABF
FETIIA vV X =N VEHEBLG % Eii L 72~ 7 RDIMIE X v 2B OMENENT (7'v 74— L) 217\, E#)
DB TEC L T2 2 v S 7B BT L, EHIRDO AN A~ —h — 2 v N7 EHE2EE L T2, 2N b ORI & v
NIBEEA v Z o OVHEBEBIE R TREEL[ 2], N v — A — & L CORREME LEBN IR O X ) = X L fRi %
HigL 7z, =7 A TIEBLTIC X »C, Offitkx v 328 (C3,C4 7% E) B ERL, Otk 2 v 78
(Clusterin, Vitronectin), Q@7 F YV K& v 7’8 (ApoAl, All, B, E, 7z &), @& % % v %27 & (Fibrinogen, Factor
XU 7 )R L7z RICEMKEREML 724 v 2=k EAR L LEZERERFZOSMEOHR T, PL—=
v O RkGE  SE T LEESINE &L BELS REROSINE D IEIcoWT, kD & v o378 % Western blot i TEMNT
L7z Z DR, EELSZERTE D 2725 ME TIE C3a HDic 37kDa ® C3a $HYIKIZ7 7 74+t Bbh
LNy R &, BB ERE TILESRIC C5 & Vitronectin DRV BB I Nz, 2o ORI, EBHLT
T HETIHMIMAR OEHAL 2 ., RIAEQOHIFIAL E T\ 2 L3l e 2 28, XV EMARITALETH 5,
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Glycans on proteins provide important molecular information reflecting physiological and pathological states. Aging is
accompanied by systemic molecular alterations, yet it remains unclear whether glycan alterations exhibit shared patterns
across different organs. To address this, we performed a comparative analysis of protein-bound N-glycans in mouse serum
and six organs (brain, lung, heart, liver, skeletal muscle, and kidney). While each organ exhibited a distinct glycan
signature, consistent age-associated shifts were detectable across tissues. In particular, paucimannose-type N-glycans were
elevated in multiple organs and showed a positive correlation with age. In the lung, expression of the lysosomal
glycosidases Hexa and Hexb was increased during aging, suggesting a potential link to the observed glycan changes.
Supporting this, senescent cultured cells displayed both enhanced HEXA/HEXB expression and accumulation of
paucimannose glycans. Together, these results indicate that paucimannose glycans represent a common feature of aging
across tissues and may reflect lysosome-associated processes, highlighting their potential as markers of cellular and organ
aging. ¥ —7 — F: §iH, ~vF~vv /-, sVavX—%x
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Pancreatic ductal adenocarcinoma (PDAC) is a refractory cancer whose incidence is rising with population aging,
highlighting the need for effective therapies. We have been investigating the structure and biosynthesis of the glycans on
a -dystroglycan (a-DG). a-DG binds to extracellular matrix proteins such as laminin through its O-mannosyl glycan,
thereby playing a crucial role in cell adhesion and intracellular signaling. Loss of this glycan causes muscular dystrophies
and is also observed in cancers, including PDAC, where it correlates with poor prognosis. However, the significance of this
glycan in cancer remains unclear. This study aimed to clarify the biological significance of the laminin-binding glycan on
a-DG in PDAC cells. Because tumor-derived cell line contains heterogeneous population, we first isolated several
single-cell clones from MIA PaCa-2, an undifferentiated PDAC cell line, and found that the level of laminin-binding
glycan on a -DG varied among clones. This variation correlated with LARGE1 expression, the enzyme synthesizing the
laminin-binding glycan structure. We then examined several PDAC cell properties and their relationship to the glycan
modification. High levels of laminin-binding glycan modification were associated with elongated cell morphology,
increased invasion, and reduced membrane blebbing, and vice versa. Manipulating the glycan synthesis further confirmed
that this glycan partially contributes to these phenotypes. Overall, this study provides insight into the roles of the
laminin-binding glycan on a -DG in PDAC.# —7 — I: « -dystroglycan, glycan, Pancreatic ductal adenocarcinoma
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FSHD & $rva~x=7 il 3 2 e iiE & U CoREIESE % R U, SAGTHIENIC X 2 5Bl g 2 f2R L 72,
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Reactive oxygen species (ROS) produced by electron leakage from the mitochondrial electron transport chain induce
oxidative stress and promote age-related muscle atrophy (sarcopenia), although the underlying mechanisms remain
unclear.

The Tet-mev-1 mice which overproduce ROS mediated by complex II-ubiquinone electron leakage have been established
to elucidate the biological mechanisms on oxidative stress. Recently, it has been demonstrated that the old-age Tet-mev-
1 mice have developed the hyaline degeneration as one of the pathological assessments with mitochondrial protein
carbonylation in the soleus (SOL, primarily slow-twitch fibers) muscle-specific sarcopenia.

In this study, it has been focused whether mitochondrial proteostasis disruption by protein carbonylation induces stress
response pathways in SOL muscles of Tet-mev-1 mice. In the results, p-eIF2a and ATF4 which are upstream factors in
integrated stress response (ISR) pathway were unchanged in both SOL and plantaris (PLA, primarily fast-twitch fibers)
muscles. On the other hand, CHOP which is one of the pro-apoptotic factors associated with ISR pathway was
upregulated in only SOL muscle of old-age Tet-mev-1 mice. Furthermore, FGF21 which is transcriptionally-activated by
CHOP was upregulated, while GDF15 which is a mitokine was unchanged in only SOL muscle of old-age Tet-mev-1 mice.
Thus, these results suggest that protein carbonylation by complex II electron transport defect induces CHOP-FGF21 axis-
mediated stress responses in SOL muscle-specific sarcopenia.

¥ — 7 — I: mitochondria, oxidative stress, sarcopenia

P-12

R =AU EERRIR(CETD 6PGD LN ARBENS LUEBREA > T/ UL —Z 2 J#EIN(CREFTHE
Zil e

WRBER

Sl

PR AL
WRHERE, TIAY

L= kRt rVvaviETe Far”y+—+ (6PGD) 1, ~v F—2 V) vEEfRE (PPP) Icis\w< NADPH % 43
5@%?%(@0, REE AL A P L XBNCE ST 5. L LA, ”ﬂﬁ%ﬁﬁ@bv—ﬁ/ﬁﬁﬁ k¥ 3 6PGD
DEENI IR E L Tnno,

HEY : ABFFE1Z, 6PGD L _ARFAMEREN 2L WICEBE ML —= v ZOIGIcE 2 28 2 Mat L 7.

Fik 6PGD ~F uiEgtk s v 27w F (KO+/-) = 2 (ind, KO-/-IZWRMEHSE) #{FHL, fiERE, FL v 3
NETTHES, BRMICE T2 I bay FY TEREBZHAR (WT) ~ 7R EHELE. 5ic, BlEL v 2—1 1
FL—=v72 (HOT:40 m/min ® FL v FIAE 1 % 1 9kKEZANT 10 B) %H[RE7ZS i 4 @8H GF
18 [|]) EMilL 7-.

WL B KO+/-~ 7 ZADFEAICE T 5 6PGD %Iﬁ% X, WT &L TR 50%BA L7z, LaLAars, @
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INTRODUCTION: Phase angle (PhA) reflects cellular integrity and improves with resistance training. However, the
molecular mechanisms underlying inter-individual variability in PhA responses remain unclear. This exploratory study
investigated serum microRNA (miRNA) alterations associated with PhA changes after training in older adults.
METHODS: Twenty-four community-dwelling older adults (68.6 = 6.1 years) completed a 12-week, twice-weekly
bodyweight resistance program. PhA was assessed pre- and post-intervention. Participants were classified into PhA
improvement and non-improvement groups. A subset of 14 participants (7 per group), matched by age and sex, was
selected for serum miRNA analysis. Differentially expressed miRNAs were identified based on fold-change and
significance.

RESULTS: PhA responses varied. The improvement group showed marked alterations in multiple miRNAs, with nine
miRNAs exhibiting fold changes >3 (p<0.05), including four with changes >5. Several miRNAs (e.g., hsa-miR-4423-3p,
hsa-miR-335-5p, hsa-miR-191-5p, and hsa-let-7b-5p) have been implicated in muscle adaptation and metabolic
regulation. Fewer miRNAs met these criteria in the non-improvement group. These findings indicate that pronounced
miRNA alterations were predominantly observed in participants with improved PhA.

CONCLUSION: Serum miRNA alterations were more prominent in individuals with improved PhA. These findings
suggest a link between molecular responses and cellular integrity, and indicate that circulating miRNAs may serve as
candidate biomarkers of training responsiveness in older adults.
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Alpha-7 nicotinic acetylcholine receptor (@ 7-nAChR) is an ionotropic receptor whose expression is confirmed in both
neurons and glial cells, including microglia. Activation of microglial a 7-nAChR promotes amyloid-beta phagocytosis and
upregulates anti-inflammatory cytokines, rendering it a promising therapeutic target for age-related neurodegenerative
diseases. However, we previously demonstrated that its pharmacological activation fails to elicit inward currents. Thus, the
precise cellular function of microglial a 7-nAChR remains elusive. In this study, we aimed to elucidate its functional role
by focusing on its subcellular localization.

Primary microglia were isolated from neonatal rats using enzymatic dissociation. Expression of mRNA was analyzed via
real-time PCR, and immunocytochemistry was performed to co-stain a 7-nAChR with the mitochondrial marker
TOMM20.

Although a 7-nAChR mRNA expression was confirmed in primary rat microglia, we observed low mRNA expression levels
of the novel acetylcholine receptor chaperone (NACHO), a protein which is crucial for plasma membrane trafficking and
functional channel assembly. Subsequent evaluation revealed that microglial a 7-nAChRs are predominantly localized to
mitochondria rather than the plasma membrane.

Our findings suggest that microglial a 7-nAChRs localize to mitochondria, where they may potentially enhance
intracellular metabolism. Understanding these molecular mechanisms is expected to provide a basis for novel therapeutic
strategies against age-related neurodegenerative diseases.

¥ — 7 — I: Alpha-7 nicotinic acetylcholine receptor, Microglia, Mitochondria
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Cholinergic neurons in the basal forebrain Meynert’s nucleus (NBM) degenerate in Alzheimer's disease. Their axons
project to the cerebral cortex and are implicated in cognitive function and cerebrovascular regulation. Although
cholinergic axons have been reported around cerebral vessels, how these axons regulate cerebrovascular function remains
unclear. Therefore, we aimed to establish a method for simultaneous in vivo imaging of basal forebrain cholinergic axon
activity and cerebral arterioles. Male mice were used. Under isoflurane anesthesia, an adeno-associated virus (AAV) vector
carrying the ChAT promoter to target cholinergic cells was injected into the right NBM to express GCaMP8s. Three to
four weeks later, blood plasma was fluorescently labeled and the right frontal cortex was imaged using two-photon
microscopy under urethane anesthesia. Pinch stimulation, known to increase NBM activity and cortical blood flow, was
applied to the left hindpaw. Changes in Ca2+ fluorescence intensity and arteriole diameter were measured. In all mice,
bead-shaped Ca2+ signals were observed around arterioles (0.33-4.89 u m from arteriole) at depths up to 40 u m from
the cortical surface. Pinch stimulation induced transient Ca2+ increases and arteriole dilation. The Ca2+ peak preceded
the arteriole diameter peak by ~2.1 s. Linear regression analysis showed that Ca2+ changes were significantly associated
with arteriole diameter changes (R? = 0.73, p = 0.0016). We established a method for simultaneous in vivo imaging of
basal forebrain cholinergic axon activity and arteriole dynamics. Our results suggest that cholinergic axon activity during
pinch stimulation contributes to arteriole regulation. This approach may be useful for the development and evaluation of
interventions targeting cerebrovascular function via cholinergic neuronal activation.
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Cellular senescence drives tissue dysfunction and age-related disease. Emerging evidence indicates that neurons also
undergo senescence, contributing to impaired intercellular communication and neurodegenerative disorders such as
Alzheimer's disease. However, the mechanisms underlying neuronal senescence remain poorly understood. The present
study aimed to identify molecules that suppress neuronal senescence and to clarify their mechanisms of action. To map
senescent cells in the brain, we analyzed mouse brain tissue using multiple senescence markers, including SA- § -Gal and
53BP1. Senescent cells emerged as early as postnatal day 14 in the hippocampus and piriform cortex — earlier than
previously anticipated — and their distribution expanded progressively with age. Screening a library of naturally derived
compounds in cultured mouse hippocampal neurons identified DHA and select unsaturated fatty acids as suppressors of
neuronal senescence, an effect confirmed in vivo by oral DHA administration. Mechanistic analyses showed that this
activity is independent of known DHA receptors (GPR40, PPARs) and antioxidant properties. Using a chemical biology
approach, we identified SARM1, an NAD-degrading enzyme, as a direct DHA-binding target. DHA binding inhibits
SARM1 NADase activity, elevates intracellular NAD*, and thereby suppresses neuronal senescence. These findings reveal
a novel SARM1-dependent mechanism by which DHA regulates neuronal senescence, offering new molecular strategies
for the prevention of brain aging.
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Regular exercise in aged mice suppresses hippocampal inflammation and improves cognitive function via
the NAMPT-NAD* pathway

Jimmy Kim

Department of Physiology, Graduate School of Health and Sports Science, Juntendo University
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Juntendo Administration for Sports, Juntendo University Juntendo University

Health and Medical Sciences, JASMS

Nicotinamide adenine dinucleotide (NAD*) is an essential coenzyme for neurogenesis, immune function, and DNA
repair. However, NAD" levels decline with aging due to the reduced activity of NAMPT, the rate-limiting enzyme in the
NAD* salvage pathway. While exercise mitigates age-related cognitive decline, the role of hippocampal NAMPT-NAD*
metabolism in this process remains unclear. This study investigated whether exercise modulates neuroinflammation and
cognition through this axis. Initially, acute exercise in young mice showed that plasma NAMPT increases significantly
regardless of intensity. Subsequently, 20-month-old female mice were assigned to four groups: sedentary + saline (SAL),
sedentary + FK866 (NAMPT inhibitor), exercise + saline (SAL+Ex), and exercise + FK866 (FK+Ex). The exercise
groups performed four weeks of voluntary wheel running. Results showed that SAL+Ex mice demonstrated significantly
improved long-term memory in the Contextual Fear Conditioning Test and reduced anxiety in the Open Field Test
compared to SAL and FK groups. These gains were accompanied by increased hippocampal NAMPT and SIRT1
expression, elevated NAD* levels, and reduced neuroinflammation. Crucially, pharmacological inhibition of NAMPT with
FK866 significantly attenuated these exercise-induced benefits. This proves that the hippocampal NAMPT-NAD*
signaling axis is indispensable for exercise-mediated cognitive and physical improvements. These findings suggest the
NAD* salvage pathway is a promising therapeutic target for age-related neurodegeneration.
¥ — 7 — I: exercise, NAD+, cognitive function
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The peripheral nervous system (PNS) can regenerate after injury, but this ability declines with age, leading to slow and
incomplete recovery in older individuals. Macrophages play a central role in nerve repair by clearing debris, supporting
myelination, and guiding axonal regrowth, yet how aging affects these functions remains unclear. In this study, we
examined macrophage responses in young (4-month-old) and aged (25-month-old) C57BL/6N mice using a tibial nerve
injury model, analyzing nerves under uninjured conditions (Day 0) and at 5 and 7 days after injury. In the uninjured state,
aged nerves showed a higher baseline presence of resident F4/80+ and MHCII+ macrophages; however, this did not
translate into an effective response after injury. The accumulation of F4/80+ and MHCII+ macrophages was significantly
reduced at both Day 5 and Day 7 compared to young mice. Notably, recruitment of CCR2+ bone marrow—derived
macrophages, which serve as early responders, was markedly impaired in both proximal and distal nerve segments. This
reduction was associated with lower NF-200 expression, indicating delayed myelin formation and compromised axonal
integrity. Together, these findings suggest that aging impairs nerve repair by failing to mobilize immune cells when
needed, revealing a key mechanism underlying reduced regenerative capacity in the aged PNS.

¥ — 7 — I: peripheral nerve regeneration, macrophages, aging
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ZHEL O OWRRIN QMG 2 HIFL 5 5 2 L 2SI L7z[2], Z odtfric i3 LMIEEE~D EGCG o #H4E 7x B
3 PRI, FHEMICOWTIERZENHTS 5, RIFFECIE, FHTEEME 0BT A Z Bigic, RS X o
Bl o ZLEIE o HIRZ S 3 X IR Z L BERE I ISR (SASP) K 1 D F I 2\ T LU % 17 - 72,

SD %7 v b (i 158 % &4 VCD Fid 4 Bicoy 372 (@B S © 23—-02001 fth), 27— 7 1@ MENLERE,
IV —7"2: L-loop ¥&H#E, 70— 7 3: L-loop+0.2%EGCG 5.8, 7 —74: L-loop+0.4%EGCG 58 & L.
EGCG iz 2 HiZ 1 [ O#5 L7z, L-loop THEICIET 1%, & 14 HiR I ESAE 28 L 7z, pCT W& % v
JET FEEE - BRARIRINE %2, TRAP Bl - 2 bkl o HIRZE) - SASP A+ (TNF-a %) % &G0 %W
fili L 720 #5RFAM < iE, SR & sl i X5 U Heiiss % 7 - 72,

EGCG %5/ 1%, ERGHLRAFICHZBE L >0, WROBINEHEICHIH L 72, Mfk2Eggic L v EGCG#E
BECIE, SRREEIC e~ SR ANIC 35 € TRAP Bthfiig o, Efukkiiid, SASP ¥ ot H RIS L 72, EGCG
Be 55 o WAl & s o ZCARHIIERE © HIRZEB 0F 25, OB & HER: L 0 DRI Z W] 3 2 B Ic &5 5
L= ARt s s a5,

[1] Zhou Y, Int J Oral Sci, 2023, 15: 20
[2] Tatsumi K, Dent Mater J, 2026, In press
F—7—F: 2R, SR, AT F v
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Background and Objective: L-ascorbic acid (vitamin C; VC) functions as a cofactor for DNA demethylation enzymes and
plays a role in epigenetic regulation. We have previously shown that VC promotes DNA demethylation and regulates
proliferation and differentiation in epidermal keratinocytes and myoblasts (] Invest Dermatol., 2025; Arch Biochem
Biophys., 2026). VC insufficiency has also been implicated in chronic obstructive pulmonary disease and pulmonary
fibrosis through oxidative stress. However, its effects on lung aging remain unclear. In this study, we investigated the
effects of VC insufficiency on lung aging—associated factors and DNA methylation age (DNAm age) using a mouse model.
Methods and Results: Male and female SMP30-knockout mice were divided into VC-sufficient and VC-insufficient groups
at 2 months of age and maintained for 12 months. Body weight was markedly higher in the VC-insufficient group,
particularly in females, whereas lung weight was reduced. Analysis of mRNA levels in lung tissue revealed significant
differences between the groups in p16Ink4a, 116, and Tnf, as well as in Tet and Dnmt. RNA sequencing followed by gene
ontology analysis identified terms associated with tissue development and stemness among gene sets downregulated in the
VC-insufficient group. Furthermore, reduced representation of bisulfite sequencing was performed to estimate DNAm
age. According to the Meer clock, mice in the VC-sufficient group exhibited a younger DNAm age than those in the VC-
insufficient group.

Conclusion: These findings suggest that prolonged VC insufficiency accelerates lung aging through epigenetic and
inflammatory mechanisms.

¥ — 7 — F: Vitamin C, Lung, DNA methylation age
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Senescence-Associated Formation of TNT-Like Structures in Mouse Embryonic Fibroblasts

Nurmila Sari

Research Institute, National Center for Geriatrics and Gerontology, Aichi, Japan

e ]

Mikako Hirose Masataka Sugimoto
Research Institute, National Center for Geriatrics Research Institute, National Center for Geriatrics
and Gerontology, Aichi, Japan and Gerontology, Aichi, Japan

Cellular senescence is a hallmark of aging and contributes to the onset of age-related diseases. While senescent cells are
known to communicate with surrounding cells via the senescence-associated secretory phenotype (SASP), whether
senescent cells engage in direct cell—cell interaction remains unclear. Here, we report the formation of tunneling nanotube
(TNT)-like structures in senescent mouse embryonic fibroblasts (MEFs). Confocal imaging revealed thin, elongated
membrane protrusions connecting neighboring cells, consistent with classical TNT-like morphology. These structures
were more frequently observed in senescent MEFs than in proliferating cells.

TNTs are actin-based intercellular structures that enable the transfer of cellular components, including mitochondria.
These findings suggest that TNT-like structures may contribute to intercellular communication in senescent cells. We are
currently investigating whether TNT-like structures mediate functional intercellular transfer in senescent cells.

¥ — 7 — I: Aging, Senescent, TNT
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Stratifying individual aging patterns enables prediction of future disease risks at the individual level and promotion of
earlier preventive actions. Exosomes, nano-sized extracellular vesicles released from all cell types, encapsulate proteins,
nucleic acids, and lipids derived from their cells and organs of origin. Because they contain molecular signatures shaped
by these sources, circulating exosome provides a means to infer systemic physiological states. Comparing exosome profiles
across a wide range of ages allows the extraction of distinct aging patterns. In this study, we isolated exosomes from the
plasma of 285 healthy individuals aged 2 to 92 years. The number of plasma exosome particles showed a significant
positive correlation with age. Proteomic profiling identified 86 proteins whose abundance increased with age and 49
proteins that decreased. Unsupervised clustering based solely on these proteomic features stratified the cohort into three
distinct clusters (X, 36.1%; Y, 35.4%; Z, 28.4%). The cluster distribution differed across age groups, with a marked age
bias: among individuals aged <20 years (n = 71), 77.5% were classified into cluster X, whereas among those aged =66
years (n = 21), 42.9% were assigned to cluster Y and 52.4% to cluster Z. Functional characterization of cluster-defining
proteins revealed that cluster Z was enriched for proteins involved in immune responses and stress-related pathways.
These findings suggest that the protein signature of circulating exosomes can infer individual aging trajectories and may
help predict future disease risk.

¥ — 7 — F: Exosome, Aging, Proteomics
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Chronic obstructive pulmonary disease (COPD) is an age related disease and a leading cause of death worldwide. In
emphysema, a major pathological condition of COPD, alveolar wall destruction causes irreversible respiratory
dysfunction, and impaired pulmonary regenerative responses are thought to contribute to disease progression. However,
the mechanisms underlying this regenerative failure remain unclear.

Here, we focused on senescent cells, which increase with aging, and analyzed their impact on alveolar regeneration in
emphysema. Using senescent cell depleted mice in an emphysema model, we evaluated alveolar regeneration markers and
disease progression. We found that senescent cells suppress the activity of the nuclear receptor Nr1h2 in alveolar
progenitor cells, thereby contributing to impaired alveolar regeneration. Moreover, activation of Nr1h2 improved
emphysema pathology in association with alveolar regeneration.

To further investigate this mechanism, we isolated pulmonary progenitor cells and performed RNA-seq analysis to
examine transcriptional changes. We also used spatial transcriptomics to assess changes in the localization of regenerative
responses and transcriptional programs in emphysematous lesions following nuclear receptor stimulation. These analyses
further supported the role of Nr1h2 signaling in regulating pulmonary regenerative responses.

This study demonstrates that senescent cells can act as upstream determinants of tissue regeneration failure and suggests
the therapeutic potential of Nr1h2 targeted strategies for emphysema.

*—7—F: Z{LHilg, COPD, fiiffE
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EEFMERICEH G T2k E LT, 4 v &) v/IGF-1 &8 TGF- BRI A LB ME I h T, T/, EmiER~
DEFHHBHE T T 5 TFEB % FOXO 7 o RT1x. MIOREFERAZRD ., EEm~0FH5GEI NS, L L
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Senile lentigines (SLs) are one of the earliest signs of photoaging, characterized by asymmetric hyperpigmented lesions
that develop on chronically sun-exposed skin. SL is a common pigmentary condition across genders and ethnicities and
contributes to an aged appearance. Although epidemiological studies have shown that SL increases in number, size, and
pigmentation with age, the mechanisms underlying its progression remain unclear, partly due to limited access to viable
SL tissues. In this study, we developed a non-invasive in vivo imaging approach using fluorescence lifetime imaging
microscopy (FLIM) to measure NAD(P)H fluorescence decay and assess cellular metabolic states in SL. Our analysis
revealed that oxidative phosphorylation (OXPHOS) activity was significantly reduced in SL compared with adjacent non-
lesional skin. To explore intrinsic factors driving SL aggravation, we investigated the impact of excessive melanin
deposition in keratinocytes (KCs). In vitro experiments demonstrated that melanin overload suppressed OXPHOS activity
in differentiating KCs. Furthermore, excessive melanin induced senescence-associated phenotypes in proliferating KCs,
including increased cell size, reduced proliferative capacity, and enhanced secretion of senescence-associated secretory
phenotypes (SASPs). These findings suggest that melanin accumulation impairs KC metabolic function and promotes a
senescent microenvironment, potentially contributing to SL progression.

F—U -1 3 fiflgEl, 2T7=v
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Background: Lipocalin-2 (LCN2) is a glycoprotein secreted by immune and epithelial cells that possesses antimicrobial
and immunomodulatory properties. While LCN2 is present in saliva and gingival crevicular fluid, and its expression is
mainly regulated by nuclear factor-kB (NF-kB), the impact of aging and cellular senescence on salivary LCN2
concentrations remains poorly understood.

Methods & Results: We demonstrated that LCN2 protein levels in saliva, oral epithelial cells, and the serous acinar cells of
salivary glands were significantly higher in aged mice compared to young controls. Interestingly, neither replicative nor
DNA damage-induced senescence triggered LCN2 upregulation in primary oral keratinocytes and salivary gland epithelial
cells. Although the cyclic GMP-AMP synthase-mediated induction of LCN2 expression has been reported in astrocytes,
its expression decreased with cellular senescence, and its ligand did not induce LCN2 expression in these oral-related
epithelial cells. Conversely, an IL-1 treatment significantly induced LCN2 expression and secretion, even in senescent
epithelial cells. The source of IL-1 8 was not senescent fibroblasts, but M1 macrophages that accumulate with
inflammaging.

Conclusion: These results suggest that aging up-regulates LCN2 expression in oral-related epithelial cells and increases its
protein levels in saliva, mainly via IL-1 8 secreted by M1 macrophages, rather than through the induction of cellular
senescence.

¥ — 7 — I: saliva, LCN2, aging, cellular senescence

_92_



P-35
BEFRRBIKTHRZEMER ML AFEERIL IS R C L DRBEHFRLER S ERF LR DT

B A
FEAK -« Bedk - BE T HREIC T %

PAEiNGE
R KM, B EFE, T AS%E, I OOKY,  Mary Ann Suico™?,  FHEE JAICH?, EHEE Y2
L OREAK - Bt - BIETHRAECMY 2. BBAK - BehaflE  7v — U RBRYREN 2 v 2 —

(Bw]) mEEgRE I cs O CHEEER LECIERAOME 26 L, BEOBLA F L Riddr Iy e LTHm
IERICHFG T eMoNTHS, LaL, COFMERSEREMOIEREZMY: S 2280, /2% OFHRERRE
WKED ED XS ICHEINDZ 2T L 2T, 22 TRIFFEE TR, ETAVEYOBREZ v, BEPREDE
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Chronic kidney disease (CKD) involves progressive renal dysfunction or structural damage, and advanced cases require
dialysis or transplant. Its global prevalence continues to rise, posing major health and economic burdens and reducing
quality of life. CKD is also a systemic disorder accompanied by chronic inflammation and oxidative stress, affecting
multiple organs. Thus, strategies to suppress CKD-related systemic pathology are needed.

This study examined whether a combined antioxidant compound could attenuate systemic changes in an adenine-induced
CKD mouse model. The compound has been shown to improve cognitive and motor function. Male C57BL/6 mice were
assigned to control (Ctrl), adenine-fed (Ade), and adenine-fed with antioxidant treatment (Ade+Vit). Body weight and
food/water intake were monitored weekly. At the end of the experiment, metabolic parameters were measured, and tissues
and serum were collected.

Ade mice showed body weight loss and increased water intake compared with Ctrl mice. Locomotor activity was higher in
Ade+Vit mice than in Ade mice. Serum biochemical analysis revealed renal, hepatic, and lipid abnormalities in Ade mice.
H&E staining showed structural changes in the kidney, lung, liver, spleen, intestine, and skeletal muscle. Organ weights,
including liver, kidney, lung, cerebrum, and several skeletal muscles, were reduced in Ade mice, whereas these reductions
were partly suppressed in Ade+Vit mice.

These findings indicate that adenine-induced CKD causes systemic structural alterations and that the antioxidant
compound may mitigate these changes.
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Diabetes mellitus (DM) is classified into type 1 and type 2, and type 2 DM is more prevalent and is strongly associated
with obesity as a risk factor. Recent experimental and clinical studies have suggested a relationship between glutamate, an
amino acid, and insulin resistance in type 2 DM, however, the precise mechanisms remain unclear. Although it has been
reported that exposure of glutamate to cultured 3T3-L1 adipocytes induces insulin resistance and impairs glucose
tolerance, the source of extracellular glutamate, which acts on adipocytes in vivo, including which cells release it and how
it is released, remains unclear. Therefore, we focused on xCT, a component of cystine/glutamate antiporter system xc-
which exports glutamate to the extracellular space, as a contributor to glucose intolerance associated with insulin
resistance.

First, we examined xCT expression in adipose tissue of high-fat diet (HFD)-fed obesity model mice, xCT expression was
increased in HFD group compared to the control, particularly in macrophages. We then fed HFD to xCT knockout
(xCTKO) mice and assessed glucose tolerance and insulin sensitivity. HFD-induced insulin resistance was significantly
attenuated in xCTKO mice, and glucose intolerance was also significantly improved. Furthermore, macrophage-specific
xCTKO mice and mice treated with sulfasalazine, an inhibitor of xCT, similarly showed significant improvement in HFD-
induced insulin resistance and glucose intolerance.

These results suggest that macrophage xCT is at least partly involved in obesity-induced insulin resistance and glucose
intolerance and may act as an aggravating factor.
¥ — 77 — F': Diabetes, xCT, Glutamate
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Recent studies have identified major aging-regulatory pathways and highlighted the importance of the inter-organ
network in aging. However, the mechanisms that drive animal aging and shape individual differences in the progression of
aging remain unclear. To identify responsible cells for animal aging, we focused on cellular senescence and found potential
“aging-responsible cells” in Drosophila using a novel senescence reporter-AGEPnt. AGEPnt is a senescence-related cis-
element of the Drosophila senescence-regulatory gene pointed. Using this reporter, we found that AGEPnt -activated cells
(AGEPnt cells) emerge in the posterior midgut with age. Importantly, genetic ablation of AGEPnt cells extended animal
lifespan and delayed age-related decline of climbing ability, suggesting that AGEPnt cells act as aging-responsible cells.
Given that AGEPnt cells lead to age-related decline of motor ability, we investigated an inter-organ network between the
gut AGEPnt cells and distant skeletal muscle. As a result, ablation of AGEPnt cells in the gut suppressed sarcopenia-like
phenotypes in aged skeletal muscles, including loss of proteostasis. These results suggest the presence of the aging-
network between AGEPnt cells and muscles. Notably, AGEPnt cell numbers varied markedly among individuals, which
may underlie individual differences in aging speed. Currently, we are trying to identify the molecules that link AGEPnt
cells and skeletal muscles and are establishing the system to analyze individual differences in aging progression.

¥ — 7 — I: Drosophila, Gut, Aging-responsible cells
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Dietary restriction (DR), defined as a reduction in nutrient intake without malnutrition, is a conserved intervention that
extends health-span in diverse organisms. However, the contribution of the intestinal amino acid transporters to DR-
mediated longevity remains poorly understood. In this study, we investigated the function of the intestinal glutamate
transporter dmGlut using the model organism Drosophila melanogaster.

We found that dmGlut expression is markedly upregulated in intestinal tissues under DR conditions, whereas its
expression declines with age. Furthermore, intestine-specific knockdown of dmGlut significantly attenuated DR-
dependent lifespan extension. These results indicate that dmGlut plays an essential role in maintaining lifespan in a
nutrient-dependent manner.

The Drosophila FoxA homolog fork head (fkh) is known to be induced by the suppression of nutrient-sensing pathways,
including insulin/IGF signaling and the TOR pathway, in fly intestine, leading to lifespan extension. We found that
intestine-specific knockdown of fkh abolished DR-induced upregulation of dmGlut. In addition, RNA-seq analysis of
intestine-specific dmGlut RNA1 flies revealed that dmGlut is involved in intracellular biosynthesis in enterocytes.

Taken together, these findings suggest that DR suppresses nutrient-sensing pathways, resulting in activation of the
transcription factor fkh and subsequent induction of dmGlut expression. Our study identifies a novel, intestine-specific
molecular mechanism underlying DR-mediated lifespan regulation that depends on a glutamate transporter.

¥ — 7 — F: dietary restriction, Drosophila melanogaster, glutamate transporter
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