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Program Director (PD)

SOBUE Gen

Chairperson,
Aichi Medical University

Biological network
simulator

Diagnosis and prediction
based on daily physical
condition data and
simulation results

Data from
daily life

Sendlng ‘an alert before disease
onset” to attending physu:lans

[ A society where we can predict and prevent disease onset using lifetime and daily data I

~ Until 2030, the 10th year of the program —

Milestone:
We will establish methods to identify precursors
of refractory diseases such as cancer, dementia,
diabetes, and viral infections and develop
technologies to prevent them or restore the
body to a normal state.

(Technological goals)

+ Elemental technologies for ultra-early detection,
prevention, and intervention of refractory diseases
have been developed, and protocols for the
prediction and evaluation of these diseases have
been established.

- An integrated whole-body network database has
been established.

« Mathematical analysis techniques to detect signs of
disease and prevent it before onset have been
developed.

. J
N
Challenges to be addressed and our approach
Elucidation of ultra-early diseases associated with lifestyle Current “?"-‘dicf‘-:'
conditions like cancer, dementia, and diabetes, and aging science primarily
focuses on treatment
has yet to be solved. after the onset of Ultra-early disease prediction and
Suppose there are reverse phases of diseases before the diseases. Mathematical analysis approaches intervention
onset, referred to as ultra-early state for various types of modality data.
Unexplained -En-
. Several Human :§°h9s';t study o
Address changes in mathematical Longitudinal pathological changes steugtliy Ty researd
the networks at the analyses have in networks from normal to ultra- * . —
Normal Ultra-early Early Onset ultra-early state already been early, through pre-onset, to onset Including existing
network changes network changes Collapse of proposed. ® « Case study
N - networks { k « Collection and Analysis
Understanding networks between organs, cells ) of whole-body data
and molecules at the ultra-early stage Develop Animal models « Wearable technology
Time interventions during Inter-organ and . : .
. " - Tissue and organ imagin
— the ultra-early stage inter-tissue networ techniques 9 o
« Organoid techniques
Integration of biological approach and mathematical approach @ + Humanized animal models
Comprehensive analysis of spatio-temporal measurement data is Tissue and Molecular and cellular imagings#” Developed methods
needed to understand complex life phenomena EETEr R techniques to collect various types
Slngle-cell omics techniques of modality data and
q [ Mathematical approach ] Inter-cellular networks editing/ ion  thedata has been
[ ).
Comprehensive elucidation of With the steady collection of various types of data and the development of
inter-organ/intercellular networks techniques, longitudinal dataset includes ultra-early stages needs to be maintained.
L J
4 )
Program structure
4 projects targeting disease with high unmet needs
= and 1 project focusing on mathematical platform
Program Director Project Manager a = - "
9 " 9 . [ Society to predict and intervene diseases at the ultra-early stage ]
SOBUE, Gen AIHARA, Kazuyuki —
Chal_rpersqn, ) University Pr_'cfessory
Alichi Medical University y»  TheUniversity of Tokyo Comprehensive elucidation and simulation of inter-organ, inter-cellular, and
inter-molecular networks at the ultra-early stage
Project Manager Project Manager Projects G
OHNO, Shigeo KATAGIRI, Hideki
specil Cont. ctg f prof ' Cancer Dizbetes Dementia Virus -Database management team
jal Contract Professor, rofessor, : Prof. : Prof. : prof. | . N . .
Jhntendo Universty Tohoku University o atagmn Tavahaohi T -National Institute of informatics,
ron NII GakuNin RDM
Biological PT Biological PI Biological P Biological PT .ELSI team
Project Manager Project Manager
TAKAHASHI, Ryosuke MATSUURA, Yoshiharu ¢ :5 [ 5 65 65
Specially Appointed Professor, Specially Appointed Professor, Mathematics
Kyoto University The University of Osaka Data [ Data Data Data Integrated Pxi:h:::f'
storage storage storage storage database
e " n e e e Collaborate,
researcher : Share mathematical models
Total:1,302 (PM-PI:137) S— - 1
Institution: 79 Construct comprehensive database
Analyze with integrated data collected in the projects
\_ J
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Comprehenslve Mathematical Understanding Prject Manager ()

of ihe ComplemControI System between Orguns AIHARA Kazuyuki

University Professor /
Professor Emeritus,
The University of Tokyo 4

( . ™\
PI'Oject Outlook and Concept Development of ultra-early disease detection and
intervention methods by incorporating various
mathematical theories around DNB theory
" o ~Extensions and complements to this theory~
Conventional Definition =
R Dissase State (e ] ]
5 e Mebyo Where? : 4 —
ur Definition ; Fhacation
Healthy State Disease State ! =
T He’{e! l:&m
tm:piumm'l‘l:mn!DNBlik:Enerw p ~y v =
T "“"’"’.rr 5 ity for Lnas R eain induced Transiions THealty)  (Diseses) (Dissasa)
Early Datection of Deviation from Healthy States Loy UIIE“'S i fe sl g
| | fr—— troatment
| Fusion f
Seamless Connection from Health Medicine through = N -
Preventive Medicine to Mebyo Medicine e | | ==
mm‘— — Discanry of ew )
vkt SR widay istgs Moyl phemotico| Demenia
k L DisesseP) | )
r

Results Identification of disease-associated genes and refinement for intervention gene by DNB theory and Control theory; Ex. Metabolic syndrome disease, MSD

Mathematical analysis: Detection of fluctuation Saito PI, Imura PI, Aihara PI

Mathematical analysis with

Biological experiments, TSOD mice in gene expression using DNB theory Control theory Starvation tolerance test for the 8 DNB genes
Cmiimg
A L]
- o 1 S~
b | =

Fluctuations in
147 gene

St i

o S e
Bt T

[ 8to9 weeks \

S p— =l -
= g i
‘Comprehensive genetic analysis; Microarray 5-week old: Ultra-early disease defined by DNB
Functional analysis: Function of 147 Fo:f?:c‘(;sgaég?‘),(;i%ine
DNB genes involved in MSD Search for drugs that suppress the overall Narrowing tolerance
fluctuation of 147 DNB genes down From Drosphila adipose
P | |peeneememconton, | el sz ncionn
g i onset by BQEU TSUSHO-SAN, a kam'::m medicine to 8 genes in the DNB genes
E [ ] =) H e
[ — ] i
£ PRSI, — i § e
R T —— | H . 2 The Vasa/DDX4 gene was previously not known to be assoclated W|th MSD
] = 53 | gt ® * [onset The knockdown experiments revealed that it suppressed fat ion ar
e L R | suppression with metabolic syndrome
Hedsstnic — Verification by mouse experiments and clinical trial, etc. Cells 2025

Scientific Reports 2019, eCAM 2020

* Intervention effects of candidate genes narrowed down by DNB theory and control theory in inflammatory bowl! disease was aI§0 shqwn to be effez;tlve. PATENT PENDING
Hayashi PI, Saito PI, Imura PI, AiharaPI ——

Detection of disease progression process by DNB theory and Energy landscape analysis; Ex. Multiple myeloma, MM  saito pr, Masuda pr

Detection of precancerous conditions in MM with DNB Detection of stable states in MM Unstable
,‘:::,‘:2:‘.?0‘,“‘;?‘;’45;".‘.;’: microscone With DNB analysis, with Energy landscape analysis \
cular structure, and chemical Successful clear detection of precancerous
hondlng from Raman Scattering state of hematopoietic tumors i
Caceriont g Patent application in preparation Detects m;i?:::pi:?::lx;h Eneray Proportions of normal state in State 1
™ . g
is

e el

o AT Prc-tsense Trumor - MM With DNB theory and Energy landscape analysis,
Pre-disease State s coreltion Sangth ineoch ce T - Normal state and MM are NL and MM are stable compared to MGUS,
OB scores Means0, " TC G e carr,the Maher two different stage states and it is mathematically explained that MGUS is
Chance in correlation value ‘the correlation) g the ultra-early disease state. ::%tet):ype machine

[ Fuctuations of DNB genes in ultra-early disease state can be detected. | International Journal of Molecular Sciences 2024 it HORIBA, Ltd.

The other important results: Detection of multi-step transitions by DNB theory Aihara PI
Lung cancer transformation from adenocarcinoma to squamous cell carcinoma, and peripheral blood differentiation with human ES cells
THE INNOVATION 2023 Signal Transduction and Targeted Therapy 2023
Database construction for smooth integrated analysis in ultra-early disease research Examination of ELSI issues
Surveyed 1,020 individuals from the general public to assess
Large-scale ultra-early disease database system construction Mathematical analysis system for activation awareness of the term “MEBYO,” ultra-early disease condition
(National Institute of Informatics, NII, GakuNin RDM) of mathematical collaboration
Mathematics and Nonlinear Mathematical ..
Project-wide, cross-sectional database for data sharing and AlPlatform | S
mathematical collaboration in ultra-early disease research BB e, B Suzil -
. £ - Data o S Mathematical DDnm;ziuon for
_ _ - L ! e w Early. Migring Saget Ctection . soctor determines that
‘ Comprehensive ultra-early disease database system | E:;s;ﬁrg. 52:2: aa:dsw;“hrﬂ:t:‘nome .' :og;ogrgtemll : fgugltvf\l,:tgnnxug r hav:uarn loct ;‘l;oec :r::]\“r:)e: wsuldouou
2\ ol npde ,ﬁf%&g:f have an MEBYO condition? like to be informed that you have an
it

oscome s

YYamaji Group | P el i 2t of varous
(Research Data |

* Division of labor
for database Information sharing and collaboration devels t NonLinear Tima Series Analysis
for databs Information sharing and collaboration development s Tomgaion

construction

‘Time Series Al
TE "'v Okaoto [

el - athervtical Analysis with
*adiog [ G. Tanaka
i Omics-data o
Network Science -~ Ana )
8 RS ® comens e

- 3 T ; e
Fujiwara Group e v A Teorior inegrating. (B oo mmwe Deasesuts
ot Sl [Tzl ] =1 [ 1) s for D oo N el araves
and Field) e e . o ® ® Fw; i
a
Predisease data o various diseases 2 )
Precicing Heakth Qltcomes through B il e I
RiDrven Analvis of 9 Heai bita V. Hiraoke
and Mathematical Models w - {
“ " - About half are likely to feel insecure.
Mental livess data  Intractable Diabetes and Dementia-rel infection & = Setwigianof (M Theary, as well as social di
Metabolic data cancer data comorbidity disease data ‘with Statistical, E'.ym
Calculation module data i The main focus is on achieving social and national

consensus to address further ELST issues.
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'Challenge [gwqrd the Control of Intractable
“+:Cancer through Understanding of Molecular
a-ance agn.
' Cellulag;, and Interorgan Networks

MOONSHOT

Project Manager (PM)

OHNO Shigeo

Special Contract Professor,
Juntendo University
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Project Overview and Concept
Research system for of the
Target in our project (Refractory cancer: Pancreatic cancer) & "
Integrated analysis with clinical data imemunty :’:gﬁ:::,: i RN il
Very early/
im witw || vvasive carcinoma ] Metastasis Cancer biol
ﬂ I - l Clinical samples Patient-derived Animal models for cancer Tenutinh ﬁ ogy
] r~ = organoids
Stafje 0: 0.7% t o .
Stage I: 2.3% - cocsiummaty s Conca ol b i Clinical Cance
2.3% 97.0% Omics data | Cotcunn AR A comption 2 i ormncid
Pancreatic mass , Nyt i m )
— hid =
Sharing system of biological information .
Cell biology !t m Imaginﬁ"
April, 2017 Mathematical and statistical P’:‘S“;“r:::‘:c'kl:: ﬁw'da"” _‘ i E [l i ﬂ E
g analysis et u oy, s Fo8 Mathematics- Al g
ms of cancer progression from normal to early stages for Piwen woer ool Integrated analysis of ‘e pew DEEN Tew
very early detection and medical treatment of pancreatic cancer big data and multi-level data
. J
r .. - \
Results Development of clinical resource of pancreatic cancer at very early stage
— Platform for resource of human pancreatic cancer
Establishment of research bases for collecting and analyzing clinical specimens at very early stage
/ ini ; - - % { > Development of next-generation organoid system
Clinical specimens Patient bioresource bank P B e orooares o, id/LMD
*3 institution (Keio U., Kyoto U., Kobe U.) + ot B3 s L e e (T rg.anm N
Approved from the clinical ethical review board = eg Py i.i ISSI.Iet,_ - Omics analysis
. . } -5 o ancreatic juice.
Multi-stage sampling from normal L P | o
blood, etc.)
to advanced cancer, & A' , u i e 18 - _Ppp
T . . Clinical " Body fluids (Blood and
- R T, etc. P
100-150 |nd|V|duls (Initial assumption Information etc.) juice), etc. - =
‘ Sequence ]icnformahon ~ Organoid
: Imaging information imaging
= A - I hi et al, Nature 2025. .
S Omics and mathematical analysis serssht et e A analysis
e e i T
"La.se'J. > Whole genome-seq wnES Bt s ey
» scRNA-seq Abbbabeiinas —=-
procedure [ . = A
s ‘ . > bulkRNA-seq = . a . Experimental
7 Euosome prfie e =
» Lipid metabolism profile - — : . (YODOSHA)
° ‘.. y{, p : Pro| Expermertl et Nowon Reractol, Nowre2os, o
@ > Mathematical modeling (Newon Press) . . .
Initial assumption  Initial assumption > DNB analysis ; T Construction of platform for pseudo-time analysis
200-300 lines 200 sites > Multilayer network I = =) -~ N -
»> Deep learning-based - I Patient L o [} 4
h H . (oguchi et al, . L . Ll
Total 361 lines  Total 1224sites image analysis e specimans : W W W
dvance
Biology & Imagi re-cancer " Veryearly " Early ® dincer
* Normal + Normal > Tissue, organoid morph v L L 9 Y
ids tissues ) Org P . ) s o o6 cee eoo
olr7ggr|1_0| Som Histology > Genomic heterogeneity /4 Patient-derived l /
ines hahooer | > Epigenetic heterogeneit organoids o \
+ Very early + Very early biology  |> Mutation rate e == B B B B M & & &
. : - e *
stage organoids stage tissue > Gene signature &)
116 lines 440 sites 5 » Engineering Artificially Experimental . Pre-cancer oy eqp| Earl Advanced
Fucntional Vedicine Animal model Y eary v cancer
- Early stage - Early stage i Normal reconstructed . . (ADM, PaniN) e
y st = analysis pancreatic vory carly discas @ | {2, (KPC mice) = i
organoids tissue organoid . organoids ‘)
69 lines i "
HIsites imaging plattorm ) (5 1x-2vecinn &
Challenge toward predication and treatment of very early/early cancer through understanding the natural history of cancer
Understanding natural history of cancer Novel technologies for prediction of very early stage cancer Identification of novel therapeutic targets against very early cancer
Natural history of pancreatic cancer progression and %} {  Diagnosis of very early cancer by blood tests and CT % { Epigenomic Alterations in the Malignant Progression of A
breast cancer onset imaging Pancreatic Cancer
Molecules involved in pancreatic cancer  Phylogenic tree analysis revealed history of Toward Early Detection with Circulating Abnormalities can be detected EZH?2 inhibition
progression and phenotypic evolution the acquisition of chromosomal abnormality miRNA and Artificial Intelligence several years before onset as a promising
—— and breast cancer development strategy for [ —_m e
I sm pancreatic
cancer therapy, | =
with
epigenomic
signatures eoren
enabling ultra- S S
early detection L s z ]
Tamagawa et al., Nat Cell Biol 2024
B Gonda et al Bacterial induction of senescence promotes age-related
Kawai et al., British J Cancer 2024. United Euro Gastroenterol J 2024 changes in the gut microbiota
Nishi 1, Nature 2023 . Identification =
ishimura et . Nature Development of biosensors and molecular probes ofgut
Deciphering ERK and AMPK i 2 Vi I f microbiota
activity dynamics in S th;loprOQ‘oet:S
pancreatic cancer organoids Ueing 2 DPPa- tumorigenes
Unraveling the natural history of using Biosensors targeted Cells and their
cancer driven by the accumulation of o fluorescent otential as
genetic mutations and clonal — - probe tpargets o
: S evolution in normal tissues ! Cancer
¥ . i\' ; E‘ = @:ﬁ;’:ﬁ;j ;]a;",‘_'cm" = preventon Kawamoto et al., Nat Cell Biol 2023
o . - Cell competition and cell senescence for cancer onset
Identification of a novel marker for very early stage lesion Teukamolo et al, Cancer S6i2024. - Tanaka et al, Gancer Sci 2024 Uncovering the (=] g
Identification of a candidate marker to detect very early pancreatic cancer Fluorescent probe targeting proteolytic enzymes enables detection of tumor O e of i hu) madas]
A = protease activity Itra-early | e -
Markerx | Marker Xis ivoing cell
. a-catenin overexpressed in competition and
Hoechst | human pre-cancerous senescence, with
: predictive
S lesion (ADM) Kuriki et al., potential using a e Yy ! ‘ ietar
i . t cell . lgarashietal,
> precancerous e imcremseozs | | el " e e
\_ J




List of major papers
= OHNO P| =

Early detection of pancreatic cancer by comprehensive serum miRNA sequencing with automated machine learning
Kawai M, Seno H. et al. (2024) British Journal of Cancer, 131 (7),1158-1168.

Wnt-deficient and hypoxic environment orchestrates squamous reprogramming of human pancreatic ductal adenocarcinoma
Tamagawa H, Kodama Y, Kakiuchi N, Seno H, Sato T, et al. (2024) Nature Cell Biology. 26 (10), 1759-1772.

Evolutionary histories of breast cancer and related clones
Nishimura T, Kakiuchi N, Sato T, et al. (2023) Nature, 620 (7974), 607-614.

Generation of human adult hepatocyte organoids with metabolic functions
lgarashi R, Sato T. et al. (2025) Nature, 641 (8065),1248-1257.

Multi-zonal liver organoids from human pluripotent stem cells
HA Reza,Takebe T, et al. (2025) Nature, 641 (8065),1258-1267.

Self-organization of sinusoidal vessels in pluripotent stem cell-derived human liver bud organoids
Saiki N, Takebe T, et al. (2025) Nat Biomed Eng. doi: 10.1038/s41551-025-01416-6.

Temporal progression of pancreatic cancer computed tomography findings until diagnosis: A large-scale
multicenter study
Gonda M, Kodama Y, et al. (2024) United European Gastroenterol J, 12 (6),761-771.

Quantitative live imaging reveals phase dependency of PDAC patient-derived organoids on ERK and AMPK activity
Tsukamoto S, Kakiuchi N, Seno H, Matsuda M, Hiratsuka T, et al. (2025) Cancer Science, 116 (3),724-735.

Single-molecule oxidoreductase activity analysis for activity-based diagnosis based on proteoform alterations
Minoda M, Urano Y, et al. (2024) Journal of the American Chemical Society, 147 (6),4743-4751.

Prognosis prediction of PDAC via detection of O-glycan altered extracellular vesicles in perioperative sera
Uemura S, Kabe Y, et al. (2024) Cancer Science, 115 (11), 3718-3728.

Pan-cancer comparative and integrative analyses of driver alterations using Japanese and international
genomic databases
Horie S, Kataoka K, et al. (2024) Cancer Discovery ,14 (5), 786-8083.

Deep learning predicts 1-year prognosis of pancreatic cancer patients using positive peritoneal washing cytology
Noguchi A, Yamamoto Y, et al. (2024) Scientific Reports ,14 (1),17059.

Machine learning of histopathological images predicts recurrences of resected pancreatic ductal
adenocarcinoma with adjuvant treatment
Yamaguchi R, Yamamoto Y, et al. (2024) Pancreas, 53 (2), e199-e204.

Comparison of hepatic responses to glucose perturbation between healthy and obese mice based on the
edge type of network structures
[to Y, Kubota H, et al. (2023) Scientific Reports, 13(1), 4758.

Dipeptidylpeptidase-4-targeted activatable fluorescent probes visualize senescent cells
Tanaka H, Urano Y, Takahashi A, et al. (2024) Cancer Science, 115 (8), 2762-2773.

Mitochondrial fatty acid oxidation drives senescence
Yamauchi S, Takahashi A, Ichijo H. et al. (2024) Science Advances. 10 (43), eado5887.

Bacterial induction of B cell senescence promotes age-related changes in the gut microbiota
Kawamoto S, Hara E, et al. (2023) Nature Cell Biology. 25 (6), 865-876

mTOR-mediated p62/SQSTM1 stabilization confers a robust survival mechanism for ovarian cancer
Tamura T, Nagano O, et al. (2025) Cancer Letters, 616, 217565.

Asymmetric cell division of ALDH1-positive cancer stem cells generates glycolytic metabolically diverse
cell populations
Tamori S, Ohno S, et al. (2025) Scientific Reports, 15 (1), 13932.

Macrophages promote tumor growth by phagocytosis-mediated cytokine amplification in Drosophila
Hirooka E, Ohsawa S, et al. (2025) Current Biology. 35 (13), 3209-3227.
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‘Chullenge for Eradication of Diabetes and Project Manager (M)
Comorbldlhesihrough Understanding and KATAGIRI Hideki

Muq;pulaimg Homeostatic Systems Tohot Uniersy

( . )
Project Outlook and Concept
Project Structure Why mibyo ?
Project Manager (PM) : A T E Even in subjects with normal glucose tolerance,
Hideki KATAGIRI Tohoku University the 1-hour post-load plasma glucose shortens life expectancy,
&ssistantiBM IS hinichilERKUSH) GE due to arteriosclerosis and cancer.
Survival Rates of NGT participants Causes of death: cardio-vascular diseases
1. Inter-organ 2. Mechanism of 3. Human Biometric 4 Mathematical 5. Establishment of 1-hour PG . By
Network Elucidation Multi-organ Data Acquisition and v . Pre-symptomatic Stage 5 3 _ —
and Control Transformation Data Analysis Lt E D Database . <170mg/dL 15 |L08 rank p=0.0001
i 1 Adjusted HR=3.163 L-hour PG
Junken AOKI (Tokyo U) Ichiro MANABE (Chiba U) Katsuhito FUJIU (Tokyo U) Hiroshi SUITO (Tohoku U)  Hideki KATAGIRI (Tohoku U) 1-hour PG p=0.0295 5 %Z"'“ﬂ/ o
Asuka INOUE (Kyoto U) Kazuhiro SUZUKI (Osaka U)  Gen TAMIYA (Tohoku U) Hayato CHIBA (TohokuU)  Junken AOKI (Tokyo U) I =170mg/dL : L
Takayuki DOI (Tohoku U) Kuniyasu NIIZUMA (Tohoku U) Hideki KATAGIRI (TohokuU)  Masaharu NAGAYAMA Ikuo KIMURA (Kyoto U) i P e go\\cwunvelauvs (year) 2 2
Hideki KATAGIRI (Tohoku U) Hideki KATAGIRI (TohokuU)  Shojiro SAWADA (Tohoku Med Pha U) (Holdaido V) Ichiro MANABE (Chiba U) | Causes of death: malignant neoplasms
Kazuhiro NAKAMURA (Nagoya U) Kazuto MASAMOTO (UEC) Katsuhito FUJIU (Tokyo U) b | Log rank p<0.0001 o ‘jw 4
Voshivakd - ) 0 . 27 Log rank p=0.0014 < 0me/d.
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1.Development of simple detection 2. Elucidation of individual pathogenic mechanisms
(Challenge:Diabetes is asymptomatic) ’ (Challenge:Diabetes has diverse pathogenic mechanisms)

Fujiu P

Accurate prediction of prediabetes | Detecting heart failure early with Developing mathematical model
using still images of face at-home ECG measurements a - slmul?tor . Detecting liver glucose .
posal capacity Katagii PI

~Visualization of metabolic states

~Hyperspectral image~ ~Al algorithm~ Nagayama Pl of each organ~
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ROC-AUC 0.996 R e Determine the individual’s

Patent (U.S.) 2023/10/27, 63/545944 PCT pending mechanism of pathogenesis

Patented in Japan, U.S., and Europe

3. Development of interventions for each mechanism of pathogenesis
(Challenge:Diabetes is progressive and incurable)

Elucidated mechanisms of

Controlled energy middle-aged weight gain

temperature and metabolism regulation
1h after activating EP3 neurons

Succeeded in growing insu consumption in the brain 0
Katagm PI cells in mice Currently in Elucidated the mechanisms of body Nakamura PI
clinical trial i i

Non-stimulation group  stimulation group Vagus nerve stimulation

increased insulin—producing %JRQ
(7

To develop
technology to

increase metabolism
and prevent obesity
Sci Adv 8: eadd5463, 2022

Elucidated the multimorbidity

mechanisms of heart failure
. —
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—&a) .
Manabe PI 0 E
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Stimulates brown fat to

2

cells and inhibited diabetes

progression in model
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Nat Biomed Eng 8: 808, 2024 UMIN000045642

Insulin staining of pancreas

== Insulin-producing cell growth can
be monitored at any time using

Developed a system Hasegawa PI

that can monitor

Compound

roliferati £ insulin- just a single drop of blood. ) : diture: )
proliferation of insulin ; searching increase energy expenditure:  Opesity 32:324, 2024
producing cells s To develop technologies to patented
eat without weight gain atente
NatCommun 14: 3253, 2023 Fujiu PI et e ente

Sci Immunol 9:eade3814, 2024
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Redox-dependent liver gluconeogenesis impacts different-intensity exercise
Horiuchi T, Katagiri H. et al. Nat. Metab. in press

Sex difference in BAT thermogenesis depends on PGC-1 a -mediated phospholipid synthesis in mice
Takeuchi A, Aoki J, Yamada T, et al. Nat. Commun. in press

One-hour postload glucose levels predict mortality from cardiovascular diseases and malignant neoplasms
in healthy subjects
Sato D, Katagiri H et al. PNAS Nexus 4, pgaf179 (2025). DOI: 10.1093/pnasnexus/pgaf1 79

Colonic inflammation triggers B cell proliferation during obesity development via a liver-to-pancreas
interorgan mechanism
Kubo H, Katagiri H. et al. JC/ Insight 10, 183864 (2025). DOI: 10.1172/jci.insight.183864.

Heart failure monitoring with a single-lead electrocardiogram at home
Hasumi E, Fujiu K, et al. Int. J. Cardiol. 432,133203 (2025). DOI: 10.1016/].ijcard.2025.133203.

Sucrose-preferring gut microbes prevent host obesity by producing exopolysaccharides
Shimizu H, Kimura |, et al. Nat. Commun. 16, 1145 (2025). DOI: 10.1038/s41467-025-56470-0

Machine learning-based reproducible prediction of type 2 diabetes subtypes
Tanabe H, Katagiri H. Tamiva G, et al. Diabetologia 67, 2446-2458 (2024). DOI: 10.1007/s00125-024-06248-8

Heart failure promotes multimorbidity through innate immune memory
Nakayama Y, Fujiu K, Manabe |, et al. Sci. Immunol. 9, eade3814 (2024). DOI: 10.1126/sciimmunol.ade3814

Age-related ciliopathy: Obesogenic shortening of melanocortin-4 receptor-bearing neuronal primary cilia
Oya M, Nakamura K, et al. Cell Metab. 36, 1044-1058 (2024). DOI: 10.1016/j.cmet.2024.02.010

A newly identified compound activating UCP1 inhibits obesity and its related metabolic disorders
Onodera K, Hasegawa Y, Katagiri H, et al. Obesity 32, 324-338 (2024). DOI: 10.1002/0by.23948

Optogenetic stimulation of vagal nerves for enhanced glucose-stimulated insulin secretion and B cell
proliferation

Kawana Y, Sawada S, Yamada T, Niizuma K, Katagiri H, et al. Nat. Biomed. Eng. 8, 808-822 (2024). DOI: 10.1038/
s41551-023-01113-2

Phagocytosis by macrophages promotes pancreatic 8 cell mass reduction after parturition in mice
Endo A, Katagiri H. et al. Dev. Cell 58, 1819-1829 (2023). DOI: 10.1016/]j.devcel.2023.08.002

A highly sensitive strategy for monitoring real-time proliferation of targeted cell types in vivo
Sugawara H, Sawada S, Katagiri H. et al. Nat. Commun. 14, 3253 (2023). DOI: 10.1038/s41467-023-38897-5

Inter-organ insulin-leptin signal crosstalk from the liver enhances survival during food shortages
Takahashi K, Yamada T. Sawada S. Katagiri H. et al. Cell Rep. 42, 112415 (2023). DOI: 10.1016/].celrep.2023.112415

Celastrol suppresses humoral immune responses and autoimmunity by targeting the COMMD3/8 complex
Shirai T, Suzuki K, et al. Sci. Immunol. 8, eadc9324 (2023). DOI: 10.1126/sciimmunol.adc9324

Prostaglandin EP3 receptor-expressing preoptic neurons bidirectionally control body temperature via tonic
GABAergic signaling
Nakamura Y, Nakamura K, et al. Sci. Adv. 8, eadd5463 (2022). DOI: 10.1126/sciadv.add5463

An oxytocinergic neural pathway that stimulates thermogenic and cardiac sympathetic outflows
Fukushima A, Kataoka N, Nakamura K. Cell Rep. 40, 111380 (2022). DOI: 10.1016/j.celrep.2022.111380
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Project Outlook and Concept

Elucidating inter-organ network transformations with a focus
on the ultra-early to prodromal stage vt gy

Aiming to specify intervention targets and points by
elucidating of the transformation of inter-organ/cell-cell
networks from the ultra-early to prodromal stage

Identify social issues for ultra-early
About 40 years ‘Changes in the brain affect Provide new prediction and intervention, and provide
i support or social implementation
Abnormal 4 e, gan nefworks Provide multi-modality technologle-s L P

Provide clinical
samples and data
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Accumulation i ; / \ _control disease with mathematical analysis y

Al and Mathematical research:
Integrated data management
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Protein i £
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Asymptomatic: Bretonion®  Dementia |_Human cohort |- Mouse model |,

Uit Alzheimer’s Disease (AD) |wifiation | Alzheimer’s Disease (AD)
Ultra-early: States in which abnormal protein accumulation is observed ~MABB Cohort - APP Knock-in (KI) mouse
but malfunctions can be reversed. Tanba Cohort parkinson’s Disease (PD)
In the term of dementia, ultra-early and prodromal Parkinson’s Disease (PD) - ~asynuclein BAC Tg mouse _Parkmson liiseaseRelatedlDementia
stages are quite prolonged. *J-PPMI (Prodromal Stage)  [imtenention| - aSynuclein propagatin mouse|

- After-onset Cohort study

-
Results

Cohort in the ultra-early stage dementia Elucidation of inter-organ networks
Establishment of multi-center cohorts A new method developed to reduce Development of mathematical models for
Multicenter Alliance for Brain Biomarkers (MABB) s of Aprl, 2025 batch effects in sing|e-ce|| ana|ysis. Honda Pl inter-organ transmission Honda PI
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Observation and identification of Ultra-early dementia biomarkers

Search for Novel Biomarkers Development of abnormal Prediction of abnormal protein
Elucidated producing mechanism of early AD protein identification accumulation in brain from blood
blood biomarker molecule, APP669-711 . . sample or by non-invasive monitorin
. Measurement of few a-synuclein seed in serum p Y g
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motor dysfunction functional imaging
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Mochizuki P1, Kubota P1, Maki PI

Extracerebral excretion of AB and
abnormalities in lymphatic valves and
cerebrospinal fluid annulation are under
investigation
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ome (New Method ) (Multiple System Atrophy)

Plasma p-tau levels correlated with
tau accumulation as measured by
PET even in advanced stages.

X3 L Transl 2024
Detection of immune alterations in predromal

stages using blood from AD/PD mice. satohri
Aiming to develop preventive treatments, we are currently
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ADAMTSA4 is involved in the production of the Alzheimer disease amyloid biomarker APP669-711

Matsuzaki M, Yokoyama M, Yoshizawa Y, Kaneko N, Naito H, Kobayashi H, Korenaga A, Sekiya S, lkemura K, Opoku G,
Hirohata S, lwamoto S, Tanaka K, Tomita T.

Mol Psychiatry. 2023, 28, 1802-1812. doi: 10.1038/s41380-023-01946-y

Few-shot prediction of amyloid 8 accumulation from mainly unpaired data on biomarker candidates
Yada Y, Honda N.
NPJ Syst Biol Appl, 2023, 9:59. doi: 10.1038/s41540-023-00321-5.

Spatial heterogeneity of bone marrow endothelial cells unveils a distinct subtype in the epiphysis

lga T, Kobayashi H, Kusumoto D, Sanosaka T, Fujita N, Tai-Nagara |, Ando T, Takahashi T, Matsuo K, Hozumi K, Ito K,
Ema M, Miyamoto T, Matsumoto M, Nakamura M, Okano H, Shibata S, Kohyama J, Kim KK, Takubo K, Kubota Y.

Nat Cell Biol. 2023, 25, 1415-1425. doi: 10.1038/s41556-023-01240-7.

High-Throughput CSF Proteomics and Machine Learning to Identify Proteomic Signatures for Parkinson
Disease Development and Progression

Tsukita K, Sakamaki-Tsukita H, Kaiser S, Zhang L, Messa M, Serrano-Fernandez P, Takahashi R.

Neurology. 2023, 101, e1434-e1447. doi: 10.1212/WNL.0000000000207725.

Propagative a -synuclein seeds as serum biomarkers for synucleinopathies

Okuzumi A, Hatano T, Matsumoto G, Nojiri S, Ueno SI, Imamichi-Tatano Y, Kimura H, Kakuta S, Kondo A, Fukuhara T, Li Y,
Funayama M, Saiki S, Taniguchi D, Tsunemi T, Mcintyre D, Gérardy JJ, Mittelbronn M, Kruger R, Uchiyama Y, Nukina N,
Hattori N.

Nat Med, 2023, 29:1448-1455. doi: 10.1038/s41591-023-02358-9.

Imaging a -synuclein pathologies in animal models and patients with Parkinson's and related diseases

Endo H, Ono M, Takado Y, Matsuoka K, Takahashi M, Tagai K, Kataoka Y, Hirata K, Takahata K, Seki C, Kokubo N,
Fujinaga M, Mori W, Nagai Y, Mimura K, Kumata K, Kikuchi T, Shimozawa A, Mishra SK, Yamaguchi Y, Shimizu H, Kakita
A, Takuwa H, Shinotoh H, Shimada H, Kimura VY, Ichise M, Suhara T, Minamimoto T, Sahara N, Kawamura K, Zhang MR,
Hasegawa M, Higuchi M.

Neuron. 2024, 112, 2540-2557.e8. doi: 10.1016/j.neuron.2024.05.006.

A novel plasma p-tau181 assay as a specific biomarker of tau pathology in Alzheimer's disease

Tagai K, Tatebe H, Matsuura S, Hong Z, Kokubo N, Matsuoka K, Endo H, Oyama A, Hirata K, Shinotoh H, Kataoka Y,
Matsumoto H, Oya M, Kurose S, Takahata K, Ichihashi M, Kubota M, Seki C, Shimada H, Takado Y, Kawamura K, Zhang
MR, Soeda Y, Takashima A, Higuchi M, Takahiko Tokuda.

Transl Neurodegener. 2024, 13, 44. doi: 10.1186/s40035-024-00439-4.

Microglial cannabinoid receptor type Il stimulation improves cognitive impairment and neuroinflammation in
Alzheimer’s disease mice by controlling astrocyte activation.

Sobue A, Komine O, Endo F, Kakimi C, Miyoshi Y, Kawade N, Watanabe S, Saito Y, Murayama S, Saido TG, Saito T, Koji.
Yamanaka.

Cell Death Dis. 2024, 15, 858. doi: 10.1038/s41419-024-07249-6.

a -Synuclein orchestrates Th17 responses as antigen and adjuvant in Parkinson's disease.

Furusawa-Nishii E, Solongo B, Rai K, Yoshikawa S, Chiba A, Okuzumi A, Ueno S, Hoshino Y, Imamichi-Tatano Y, Kimura H,
Hatano T, Hattori N, Miyake S.

J Neuroinflammation. 2025, 22, 38. doi: 10.1186/s12974-025-03359-w.

A three dimensional immunolabeling method with peroxidase-fused nanobodies and fluorochromized
tyramide-glucose oxidase signal amplification

Yamauchi K, Koike M, Hioki H.

Commun Biol. 2025 Jun 18;8(1):903. doi: 10.1038/s42003-025-08317-z.
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Project Outlook and Concept

No organism can survive
Most major viral infectious diseases since 2000 are zoonoses without a healthy ecosystem
' . ) ) . Zoonotic diseases ‘ﬁ:
Viruses with high pandemic potential by NIH @ an
WW—D?;;%%;;(%) Family/Order | Genome Viral Disease 2.8
Death/_cn&%) Human Health "
W_De:fh!mw) Coronavirus RNA (+) SARS, MERS, COVID-19
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Marburg virus 1 Death/CFR(%) Flaviviruses RNA (+) virus infection i
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Picornaviruses RNA (+) Enterovirus A71/D68 Infection Poaching and overfishing
Togavirus RNA (+) Chikungunya fever Animal Markgt )
Overuse of Antibiotics

Countermeasures against viral infections

! . patient diagnosis ) L 3
Virus isolation Treatment
» i Nucleic acid testing -
‘t Antigen testing )
Antibody testing ’
*‘N g\ vaccine

Predicting viral infections is difficult
It takes time to develop a vaccine or treatment

Infectious disease countermeasures are delayed,
causing enormous damage to society

¥

Against future pandemics
Preemptive measures need to be prepared

Classification of viruses based
on host response patterns

Project goals and outcomes

Conventional infectious disease control platform
w0 OB
-

Vaccines and treatments are
being developed for each virus.

Characteristics of this project : Focus on virus

RESErChe(s from VariolS e s Classification of viruses based on

m ‘ host response patterns
Imaging
Multi-omics
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mathematical models Patterrt A Pattern B Pattern C Pattern D
science

Clinical Data
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responses to viral infections

Pattern A Pattern B Pattern C Pattern D
-

Develop therapeutics for each pattern

‘ > Identification of target molecules involved in the progression of SARS-CoV-2
> Proof of therapeutic efficacy in intervention studies using mouse infection
.= models

Analyses of other viral infection models are also progressing smoothly
Results are being achieved through collaboration between experimental
science and mathematical science

v v

Rapid diagnosis and countermeasures

. Key Research Findings

\_

This project aims to elucidate the mechanisms of host
responses that lead to the severity of viral infections and to
establish a novel framework for prediction and prevention.
Since its launch in 2020, the project has made significant
progress in the following areas:

* Visualization and Modeling of Host Response Networks
Comprehensive analysis of host immune response
patterns in the early stages of infection has been
conducted. Mathematical models have been
developed to visualize these dynamics, enabling the
identification of response patterns associated with
high risk of severe disease.

o Ad d Predictive Technol

Al-based prediction algorithms have been developed
through the integration of clinical human data and
animal models. A highly accurate model for predicting
severe viral infection outcomes (with ROC AUC above
0.85) is currently under construction.

« Identification and Proof-of-Concept of Diagnostic and
Preventive Candidates
Early infection biomarkers and host target factors have
been successfully identified. Preclinical studies to
verify the efficacy of preventive interventions
targeting these factors are underway.

Through these achievements, the project is steadily
progressing toward its 2030 goal: the control of infectious
diseases through ultra-early prediction and prevention.
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N-glycosylation of rotavirus NSP4 protein affects viral replication and pathogenesis

Jeffery A. Nurdin, Tomohiro Kotaki, Takahiro Kawagishi, Shintaro Sato, Moeko Yamasaki, Ryotaro Nouda, Shohei
Minami, Yuta Kanai, Takeshi Kobayashi.

Journal of Virology, 2023, DOI: 10.1128/jvi.01861-22

Characterization of Sialic Acid-Independent Simian Rotavirus Mutants in Viral Infection and Pathogenesis
Moeko Yamasaki, Yuta Kanai, Yoshiki Wakamura, Tomohiro Kotaki, Shohei Minami, Ryotaro Nouda, Jeffery A Nurdin,
Takeshi Kobayashi.

Journal of Virology, 2023, DOI: 10.1128/jvi.01397-22

A genetic method specifically delineates Th1-type Treg cells and their roles in tumor immunity.
Okamoto M, Sasai M, Kuratani A, Okuzaki D, Arai M, Wing JB, Sakaguchi S, Yamamoto M.
Cell Reports, 2023, DOI: 10.1016/].celrep.2023.112813

Generation of single-round infectious rotavirus with a mutation in the intermediate capsid protein VP6
Tomohiro Kotaki, Yuta Kanai, Megumi Onishi, Shohei Minami, Zelin Chen, Ryotaro Nouda, Jeffery Nurdin, Moeko
Yamasaki, and Takeshi Kobayashi.

Journal of virology, 2024, 98(7.0), p.e00762-24 DOI: 10.1128/jvi.00762-24

Tff1-expressing Tregs in lung prevent exacerbation of Bleomycin-induced pulmonary fibrosis.

Masaaki Okamoto, Ayumi Kuratani, Daisuke Okuzaki, Naganori Kamiyama, Takashi Kobayashi, Miwa Sasai, Masahiro
Yamamoto.

Frontiers in Immunology, 2024, 15 DOI: 10.3389/fimmu.2024.1440918

Establishment of reverse genetics systems for Colorado tick fever virus
Shohei Minami, Ryotaro Nouda, Katsuhisa Hirai Zelin Chen, Tomohiro Kotaki, Yuta Kanai, Takeshi Kobayashi.
PLOS Pathogens, 2025, 21(2.0), p.e1012921 DOI: 10.1371/journal.ppat.1012921

Rapid production of recombinant rotaviruses by overexpression of NSP2 and NSP5 genes with modified
nucleotide sequences.

Yuta Kanai, Tomohiro Kotaki, Satoko Sakai, Toshie Ishisaka, Kayoko Matsuo, Yukino Yoshida, Katsuhisa Hirai, Shohei
Minami, Takeshi Kobayashi.

Journal of virology, 2024, 98(12.0), p. e00996-24 DOI: 10.1128/jvi.00996-24

Non-negative tensor factorization workflow for time series biomedical data
Koki Tsuyuzaki, Naoki Yoshida, Tetsuo Ishikawa, Yuki Goshima, Eiryo Kawakami.
STAR Protocols, 2023, vol. 4(3.0), p.102318 DOI: 10.1016/].xpro.2023.102318

Monitoring of blood biochemical markers for periprosthetic joint infection using ensemble machine learning
and UMAP embedding.

Eiryo Kawakami, Naomi Kobayashi, Yuichiro Ichihara, Tetsuo Ishikawa, Hyonmin Choe, Akito Tomoyama, and Yutaka Inaba.
Archives of orthopaedic and trauma surgery, 2023, vol. 143, p.6057 DOI: 10.1007/s00402-023-04898-8

Development of a robust predictive model for neutropenia after esophageal cancer chemotherapy using
GLMMLasso.

Shuhei Sugaya, Masashi Uchida, Takaaki Suzuki, Eiryo Kawakami, ltsuko Ishii.

International journal of clinical pharmacy, DOI: 10.1007/s11096-024-01836-5

Prediction of cccDNA dynamics in hepatitis B patients by a combination of serum surrogate markers

Kwang Su Kim, Masashi lwamoto, Kosaku Kitagawa, Hyeongki Park, Sanae Hayashi, Senko Tsukuda, Takeshi Matsui,
Masanori Atsukawa, Kentaro Matsuura, Natthaya Chuaypen, Pisit Tangkijvanich, Lena Allweiss, Takara Nishiyama,
Naotoshi Nakamura, Yasuhisa Fujita, Eiryo Kawakami, Shinji Nakaoka, Masamichi Muramatsu, Kazuyuki Aihara, Takaji
Wakita, Alan S. Perelson, Maura Dandri, Koichi Watashi, Shingo Iwami, Yasuhito Tanaka.

PLoS computational biology, 2025, 21(1.0), p.e1012615 DOI: 10.1371/journal.pcbi.1012615
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between Organs and Challenge for Ultra-Early Precision Medicine

[Project manager | AIHARA Kazuyuki

https://www.jst.go.jp/moonshot/en/program/goal2/21_aihara.html
@EET» MSinfo@sat.t.u-tokyo.ac.jp

Challenge toward the Control of Intractable Cancer through Understanding of
Molecular, Cellular, and Interorgan Networks

Project manager OHNO Shlgeo

https://www.jst.go.jp/moonshot/en/program/goal2/22_ohno.html
@ETET® ms2cancer@juntendo.ac.jp

Challenge for Eradication of Diabetes and Comorbidities through Understanding
and Manipulating Homeostatic Systems

KATAGIRI Hideki

https://www.jst.go.jp/moonshot/en/program/goal2/23_katagiri.html
ms2-katagiri@g-mail.tohoku-university.jp

Project manager

Towards Overcoming Disorders Linked to Dementia based on a Comprehensive
Understanding of Multiorgan Network

Project manager | T AKAHASHI Ryosuke

https://www.jst.go.jp/moonshot/en/program/goal2/24_takahashi.ntml
moonprod@kuhp.kyoto-u.ac.jp

Understanding and Control of Virus-Human Interaction Networks

MATSUURA Yoshiharu

https://www.jst.go.jp/moonshot/en/program/goal2/25_matsuura.html
@ETETD ms-virus@biken.osaka-u.ac.jp

[ ————
Project manager

Cabinet Office: About Moonshot Research and Development Program
https://www8.ca0.g0o.jp/cstp/english/moonshot/system_en.html

Department of Moonshot Research and Development Program,
Japan Science and Technology Agency

https://www.jst.go.jp/moonshot/en/index.html

Goal 2 Secretariat
@ETET® moonshot-goal2@jst.go.jp
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[

Memo

Handout (Moonshot Goal2)

Booklet for BioJapan2025 About Moonshot Goal2 Progress Report

https://www.jst.go.jp/moonshot/ https://www.jst.go.jp/moonshot/en/ https://www.jst.go.jp/moonshot/en/
sympo/20251008/index.html program/goal2/index.html program/report.html#MS2

https://www.jst.go.jp/moonshot/en/ https://www8.cao.go.jp/cstp/ https://www.jst.go.jp/moonshot/en/
index.html english/moonshot/top.html pr/index.html
X note YouTube

https://x.com/JST_Moonshot https://note-moonshot.jst.go.jp/m/ https://www.youtube.com/channel/
m9889bcfdc9db UCc70P11gREXTJlkbaw5wL8A
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Japan Science and
Technology Agency

Department of Moonshot Research and Development Program,
. Japan Science and Technology Agency (JST)
" K's Gobancho, 7, Gobancho, Chiyoda-ku, Tokyo 102-0076 Japan
Tokyo Headquarters Annex
03-5214-8419
03-5214-8427
moonshot-goal2@jst.go.jp
https://www.jst.go.jp/moonshot/en/program/goal2/index.html




