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_ Quantification of intracellular physical properties based on direct stress
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Cells are the basic units of life that constitute organs, skin, and other tissues. Cell dynamics, such as cell
adhesion and movement, play crucial roles in biological phenomena including individual development,
morphogenesis, maintenance of tissue homeostasis, and wound healing. These cellular dynamics are driven by
mechanical forces generated within the cell by structures such as the actin cytoskeleton. For their proper control,
it is essential to understand both force generation and intracellular force propagation. While the force generation
has been extensively studied, how this generated force propagates through intracellular space and leads to cell-
matrix interactions and cell motility has remained largely unexplored due to the lack of direct measurement
techniques in living cells. In this study, we developed a novel experimental system combining high-output
intracellular magnetic tweezers with a traction force microscopy to quantitatively measure forces propagating
from specific intracellular structures to the cell-matrix boundaries. This methodology identifies a general mode
of intracellular force propagation which is continuous and short range. This study provides a foundation for
comprehensive understanding of the relationship between intracellular forces and cell dynamics. We are
currently working to establish novel experimental and analysis methods to elucidate the relationship between

internal stresses generated by actin flow within cells and cell motility.
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Through quantitative elucidation of the relationship between intracellular forces and cell dynamics, we aim to
clarify the fundamental principles of cellular functions involved in cancer invasion, wound healing, and

regenerative medicine, and to create evaluation and control technologies leading to medical applications.
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This study aims to theoretically elucidate the mechanisms of charge carrier recombination induced by surface
defects in tin-based perovskites (MASnls), as well as the improvement achieved through defect passivation. Using
model surfaces, we conducted density functional theory (DFT) calculations to analyze defect formation and
passivation processes. We identified the dominant surface defects responsible for carrier trapping and evaluated their
behavior by examining defect formation energies and defect-level characteristics.

The results indicate that the p-type defects Vs, and Is, act as the dominant recombination centers. We further
analyzed the passivation of these defect species using ethylenediamine (EDA), as well as the passivation of an n-type
defect, MA|, using iodopentafluorobenzene (IPFB). The calculations show that EDA effectively removes in-gap
defect states associated with Vg, and Is,, while IPFB effectively removes in-gap defect states associated with MA;.
In all cases, the interaction between the defect states and the HOMO/LUMO of the passivation molecules was found
to play a crucial role. This effect was particularly significant when their energy levels were very close. These findings
provide fundamental insight into defect engineering strategies for improving the performance of tin-based perovskite

solar cell materials.
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The findings of this study provide guidelines for effective defect passivation in tin-based perovskite materials,
thereby supporting the development of high-efficiency and stable perovskite solar cells. These improvements directly

address key challenges related to efficiency, stability, and environmental impact.
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The mechanics of cells are primarily mediated by the cytoskeleton, specifically microtubules and actin.
Microtubules and actin respond to forces and generate forces themselves, thereby orchestrating various biological
phenomena. Elucidating the mechanical properties of microtubules and actin is essential for understanding these
biological phenomena.

This research developed a novel mechanical measurement technique for directly assessing the mechanical
properties of the cytoskeleton. To overcome the limitation of existing direct measurement methods—namely, their
inability to exert sufficiently large forces—a magnetic fluid was employed as a novel probe. This enabled the
generation of forces approximately 1000 times greater than conventional methods, successfully inducing deformation
responses in the cytoskeleton.

Applying force to the microtubule network structure within cells using this method revealed that the microtubule
network, previously thought to be a discrete structure, actually exhibits a deformation response akin to a continuum.
The results of this study represent the first instance of quantitatively measuring the deformation response of
intracellular structures to direct mechanical perturbations. It is anticipated that the technique developed in this
research will advance our understanding of the mechanical properties not only of the cytoskeleton but also of various

other intracellular structures.
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Elucidating the physical properties of the cytoskeleton is fundamental to understanding disease mechanisms and is

expected to have a significant impact on both the medical and industrial sectors.
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Genomic DNA is constantly damaged by various endogenous and exogenous factors. DNA double-strand breaks
(DSBs) and base-pair mismatches are severe forms of DNA damage, and defects in their repair lead to mutation
accumulation and carcinogenesis. Homologous recombination (HR) accurately repairs DSBs, while mismatch repair
(MMR) corrects base-pair mismatches. HR and MMR are both considered to require chromatin remodeling.
ARIDIA is a chromatin remodeling factor that is frequently mutated in cancers and AR/D1A4 mutations are
associated with poor prognosis. Although ARID1A is implicated in DNA repair, its precise function remains
unclear.

In our previous studies, we demonstrated that ARID1A plays an important role in both HR and MMR. However,
the molecular mechanisms remain unresolved, hindering a deeper understanding of carcinogenesis and its
application to cancer diagnosis and therapy. Therefore, in this study, we analyze ARID 1A mutant cell lines to

examine DNA repair activity and drug sensitivity, aiming to elucidate the roles of ARID1A domains in DNA repair.
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Developing a loss-of-function diagnostic method for ARID1A based on DNA repair activity, together with novel

therapeutic strategies, is expected to contribute to cancer diagnosis and therapy, including precision medicine.
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As global warming progresses, the use of bio-based resources (biomass) in fuel and food production is gaining
attention. Cyanobacteria, in particular, possess CO: fixation capabilities through photosynthesis and high growth
rates, making them suitable for low-environmental-impact biomass production. The freshwater cyanobacterium
Synechococcus elongatus PCC 7942 (Synechococcus) is used as a model organism for biomass production due to its
case of cultivation and high transformability. Previous attempts have targeted diverse products, including catechol
precursors for pharmaceuticals, pesticides, and fragrances (Watanabe et al., 2018) and bioethanol (Deng and
Coleman, 1999). I discovered that introducing and inducing the expression of ¢c-di-GMP synthase in Synechococcus
causes cells to aggregate and form biofilms. This phenomenon holds potential for improving biomass recovery
efficiency. Furthermore, since this biofilm may contain cellulose, it also shows promise for cellulose production
applications. This research aims to: (1) elucidate the control mechanisms of this biofilm and explore its applicability
for biomass recovery. Additionally, (2) measure cellulose secretion levels to evaluate its potential for cellulose

production.
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Cyanobacteria are attracting attention as a production platform for diverse useful substances because they can fix

atmospheric CO: through photosynthesis. Additionally, bacterial cellulose is gaining attention as a novel material.
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_ Comprehensive analysis reveals sub-functionalization of aquaporins during wheat
Research Project Name

PR, polyploidization

LXFEICBITDT 77 R DOFEEMEEA I KA RE o b DO HEE

Research Content/ffF 72N 2

Environmental stresses have significant negative impacts on crop yields and productivity. There is an urgent need to
develop stress-tolerant crops and to elucidate the underlying molecular mechanisms of stress responses.

Bread wheat (Triticum aestivum; genome constitution: BBAADD) is an allohexaploid species that evolved through
two rounds of interspecific polyploidization. This polyploid nature has conferred greater environmental adaptability
on bread wheat compared to its diploid and tetraploid ancestral species. Aquaporins (AQPs) are membrane-spanning
proteins conserved across a wide range of organisms and are known to play essential roles in growth, development,
and stress responses by mediating the transport of water, small molecules, and micronutrients.

In this study, we aimed to elucidate the relationship between functional diversification of AQPs driven by wheat
polyploidization and abiotic stress tolerance. To this end, we compared AQP gene copy numbers, salt
stress-responsive expression patterns, and channel pore properties based on 3 three-dimensional structural predictions
generated by AlphaFold3 between ancestral wheat species and bread wheat. As a result, we identified AQP groups
that show differential expression patterns and pore properties between ancestral wheat species and bread wheat. In
addition, we explored the evolutionary dynamics of AQP groups based on gene copy number variation and genome

synteny.

BRFEAN ATV E DU FE BRI R E R A DB L 5 2 | BREAN AMPEAE DOVEI LISE AT = X DO 2H &
2o TG, TENEMEL TIDBND/ S bR (Triticum aestivum, /77 53: BBAADD)IX — D BE 5k a M1 T
(LU B ABETHY , ZRDDOREEAMIC LV ETED “fHAL AT AX L0 SO BRI HE haF -, £
7o 77T ARV AAQPNIAKR /NGy - B INE R R Ok T OB L /B E LU CRR  FE L AR AR TR RE
HZEDRFNHITND,

ZZ T AWFZETIER AF OEEBIRIZ LD AQP DHERE/M b EFEAEMHI AR AR L D BARMEZ IO 2720 1
SRl N aLF /M TO AQP BAR FHECHE AN AT T 23 BIA®E) /% — | AlphaFold3 O SR E FHINZHE-S0
72 AQP DF v V&L TOME A R LT, £ DORER . AFEME O R THE AN R 23 BUA BRI
FIEFEL N A LR/ TED RO AQP ZRIE LT, £, Bl FH0T /A3 T =—0b AQP Vv —T7 DR EE
BRIRLUI=,

Possibility of social implementation/ft-4x 3245 AT FEME:

Revealing the mechanisms underlying the acquisition of abiotic stress tolerance due to polyploidization will

contribute to the development of stress-tolerant wheat.

FEEACIC L DI RI AR ARG AT = X LZ BT HIE T, M LF O/EHICHERNTE D,




Graduate school/Department Graduate School of Medical Life Science/Department of Medical Life Science

FTIBAFFERt/ 4 AR ERHATER A ER K
Program/Grade Doctoral Program 1% Name Haruna Inuzuka
R/ A R EERE 14 K4 PN S

Research Project Name | Exploring the structure of a PIP. floppase
WFFERRE 4 BHNEE LR D 7 7 A 48 F B S AE EfEAT

Research Content/AfF 72N 25

Phosphatidylinositol 4,5-bisphosphate (PIP2) is a key regulatory lipid that plays essential roles in diverse
cellular processes, including signal transduction, membrane trafficking, and cytoskeletal dynamics. Precise
regulation of PIP2 distribution across cellular membranes is therefore critical for maintaining normal cellular
function. However, the molecular mechanisms governing PIP2 transport remain poorly understood, largely due
to the lack of structural information on the responsible transporters. In this project, I focus on TM9SF3, a
previously uncharacterized multi-pass membrane protein, and investigate its potential role as a PIP2 transporter.
Using cryo-electron microscopy (cryo-EM), I aim to determine the high-resolution three-dimensional structure
of TM9SF3 and to elucidate its molecular mechanism of lipid recognition and transport. I independently conduct
all experimental steps, including protein expression, purification, cryo-EM sample preparation, data collection,
and structural analysis. This integrated approach enables a comprehensive understanding of both the structural
architecture and functional dynamics of the transporter. By visualizing TM9SF3 in different conformational
states, this study seeks to uncover how PIP2 molecules are selectively bound and translocated across the
membrane. The resulting structural insights will provide a fundamental framework for understanding PIP2
transport at the molecular level. The outcomes of this research are expected to advance basic knowledge in
membrane biology and lipid signaling, while also offering potential applications in drug discovery and
biotechnology. Ultimately, this work aims to contribute to the development of novel strategies for modulating
lipid signaling pathways, which may have broad implications for treating diseases associated with dysregulated
membrane dynamics.

RAT 7TV NA ) b= 4,5-E RV (PIP.) 1, 37 ARTEIC R\ CEl o E % -3 F 2 iR e
ThD, LIzhio T, MR RIZIS1T D PIP, /348 OFE B 720 EIE, IEH 72 R REDHERFIC AR A R Th D, L
L. PIP, ik 2 A 3555 T AN =X A%, Bk R OREEE AR E L THDTzd ARIREL TS T
WD, RBFFECIE, T ETRER OIS TV o= S RIE E @ L L 7 E Thd TMISF3 IZEH L,
PIP, B 5 (R E U COWBTEN e BN A 35, 77448 7B EE (cryo-EM) &2 VT, TMISF3 O & 43 fifhe =
WICAEIE 2R E L FRERRREE D ) T AN =R LEfRIAT 2% BIET D, XU X3 EL KR, 7744
~EM BURHHRL, 7 —ZUEE | HE M2 ML, MO 2 LI IR R TS S 28 B B T e T %
WES D, ZORER)T 7 m—F 2L, Ek RO RS LR O i i |2 B 3 2 BRI BRAE A AT RE £ 72D, ABFIED
RRAT, AW B X ONRE 7 ) REIC B T2 I Rk ORI F 5T 2L RIRHC, BSR4 T2 /1
=B OIS T REE b RN 1D,

Possibility of social implementation/f1:4 S23E 0 Al HE4:

Structural insights into TM9SF3-mediated PIP2 transport may enable the rational design of molecules that
regulate lipid signaling pathways. This knowledge could contribute to the development of novel therapeutics for
diseases involving membrane dysfunction, as well as innovative biotechnological tools for controlling cellular
processes in medical and industrial applications.

TMOISF3 %41 L7z PIP, it O R & AR B 13, S RE R E 2 LD P& IS T2 BT IR EIE D BRI %S 7L N [ -
FEEIS BB v A D70 D HF 723 A 4T 7 /o —— )L OBIFICE B LY D,




Graduate school/Department Graduate School of Medical Life Science/Department of Medical Life Science

FTIE A FERt/ K 4 A EREITTER A ER
Program/Grade Doctoral Program 1* Name Hiroaki Ooeda
PRFE/ AR MERHE 14 K4 Kb 5L

Research Project Name | In Silico Analysis of Large-Scale Conformational Changes in Type51 R-body
WFIERREA AL VAFHTICED Typebl R-body D RBUR e & 2 LAERE DO fiE

Research Content/FAE A

Type 51 refractile body (R-body) is a roll-shaped giant protein polymer. It consists of approximately 900,000
subunits of the proteins RebA and RebB, and in response to pH changes it can reversibly transform between a rolled
shape about 200 nm high and a needle-like shape about 20,000 nm long. If the mechanism underlying this
structural transformation can be understood, R-bodies have potential as highly durable and stable molecular
machines capable of repeated operation. However, the three-dimensional structures of RebA and RebB and their
polymerization pattern remain unknown, and an all-atom model that can explain the R-body’s pH-dependent
structural changes has yet to be established. In this study, we used AlphaFold 3, a protein structure prediction
method, to predict the three-dimensional structures of RebA and RebB and how these proteins assemble into the R-
body polymer at atomic resolution. By analyzing the predicted structures and their assembly, we aimed to elucidate
the pH-dependent extension—contraction mechanism of the R-body. As a result, we constructed an all-atom polymer
model of the R-body based on the predicted structures, which is consistent with previous experimental findings.
Furthermore, using this model in conjunction with prior research results, we proposed a mechanism for the R-body’s
structural transformation driven by changes in the distances between RebA and/or RebB subunits within the

polymer.

Typeb1 Refractile-body (R-body) L. Z—/WVIROIBE.KZ L I EEAEIKTHD, R-body IZTFERERRZ L T EEL
T, RebA L TN RebB Z /" 7E DA FHK 90 T &ARDBELSILTIY, pH OZELITISE T, mSK 200 nm DE—/L
PAgIEL | RS 20000 nm OFHHRAEIE O T RANHEIEZ(LT 5, HL R-body DIEE L ZiEICEih
X, BT ANEE L EPEEFF D 22 0 IRLENET 250 T E L COIS R EIRESLD, L)L, R-body DEEZ
kA B EHEZF RebA K U RebB D LAAMEE K HAHRRUI AR THY | pH (K717 R-body DOREIEZELEL &
FAYICE A FTREZR R EH G BT ADNRDBIL T, ZTTARBIZETIX, 20 VB OSLIREE T FIETHD
AlphaFold 3 Z >, RebA K& Tf RebB DNLIRME L Z D EHAERAL R FL L TTHIT 2L T, R-body @ pH
FERZR I RE R DR IA 2 B FR L7, FEREL T JEATIFZEDRE RAii7= 3, FRIREIEICH-SV 2 R-body D25 H
BETNVEE L, IHIZ, KET VK OFATIIRORE KA T LT, EEIRT O RebA F7213 RebB M D EERED
ZAUIZED R-body DIEEEACAT = X LDIREEIT ST,

Possibility of social implementation/tt &=&Z 0 Al fEtE

Based on this study, controlling the R-body transformation mechanism may enable the design of molecular needles
driven by conditions other than pH and of molecular machines exhibiting diverse motions by altering the

polymerization mode.

AWFFe% Bl R-body DIEEZALIEMEZ 4528 T\ pH DIADER O SMTHRE) 97553 F#1X°, R-body D
ERRAZ ST HIE T, LSO SR/ EB 2 55 TR OGN ATREL e D ZE IR S D,




Graduate school/Department Graduate School of Medical Life Science /Department of Medical Life Science

FTIE A FERt/ K 4 A EREITTER A ER
Program/Grade Doctoral Program 1* Name Tsubasa Nagae
ARFR /A MERHE 14 K4 JKIL
Development of Al for Integrated Understanding of Protein-Protein Interaction

Research Project Name

e R, Modulators

5B A AAE TR FoR & BB T2 Al BA%S

Research Content/#F 22N

Protein—protein interactions (PPIs) play central roles in a wide range of biological processes, and small-molecule
compounds that modulate PPIs (PPI modulators) have attracted increasing attention in drug discovery. PPI
modulators include not only inhibitors that disrupt interactions but also stabilizers that enhance or induce PPIs.
Despite their importance, these two classes are often studied separately, and a unified framework for understanding
their mechanisms of action remains limited.

In this study, we aim to analyze and interpret the modes of action of PPI modulators using artificial intelligence
(Al) as a central methodology. By integrating Al with information-science—based approaches, we seek to
systematically capture how small molecules influence PPIs at the structural level. In particular, we focus on changes
in the states of protein complexes that arise from the presence of PPI modulators. Structural information and related
data obtained through information-science techniques, including structure prediction, are leveraged to characterize
these state changes in a data-driven manner.

Using Al-based analysis, we classify and visualize the effects of PPI modulators on protein—protein interactions,
enabling a quantitative comparison between different modes of modulation. This approach allows us to move
beyond individual case studies and toward a more general understanding of PPI modulation. Furthermore, by relying
on computational and predictive methods, the proposed framework is applicable even to PPI systems for which
experimental structures are unavailable.

Ultimately, this research aims to establish an Al-driven platform for supporting the analysis and design of PPI
modulators. Such a platform is expected to contribute not only to drug discovery but also to broader applications,
including the design of bioactive molecules in non-medical fields.

ARWFFETIE, ZoERIFAAEH (Protein—Protein Interactions: PPIs) Z#R #3515 T-{b&% (PPI Modulators)
OYERRAZ . NTHERE (AD Z2H D E LT G B P F 152 O TR - BRIE 5284 B 453, PPI Modulators (2
X EAERZBRE T 20O Tl HAEMEHEZZESELHOBFEL ILFERIFE ST CHEASh TS, —
T ZNBEHRE—HNEEL | fEROBWERRINICIR R D ZEITR G TR,

ARFGE UL, W T A & ORI FIEIC IS ORISR o BE 7 — 2278 L, PPl Modulators OAF
TEIZ RS THELDZ L B ERDIRRBZAITHE B 15, 26D EHZ Al THEHT 3524 7C, PPI Modulators 73
MAEAMERIC G 2D 8% 558 I b L, REND PPL RT3 L CH TRIBICR-M fTRE/2 5y -3 5T R R DO 5L %
HiEd,

Possibility of social implementation/#1:43 5225 D A Mk

The Al-based framework developed in this study is expected to accelerate the discovery and design of PPI
modulators by enabling efficient, structure-informed analysis. Beyond drug discovery, it has potential applications

in agriculture and other fields, such as the design of bioactive molecules for biological regulation.

ARWFFETHESL §D Al FiEIE, PPl Modulators DERFRPREEHZD=RALL  AREMFFEDINEIZH#N D, S6I2,
SAMBERERIE 77 T DREH R E | IR B LIS~ OIS b BIfF S D,




Graduate school/Department Graduate School of Medical Life Science/Department of Medical Life Science

FTIE A FERt/ K 4 A EREITTER A ER
Program/Grade Doctoral Program 1* Name Aoi Maeda
ARFR /A MERHE 14 K4 AiTHE 2%

. Structural analysis of hepatic drug transporters and elucidation of their
Research Project Name

W FERRE S

polyspecific binding mechanisms
HHNEEE - Z o A7 — 5 — OREIE AT 36 LU 18R 225 A Ao iR A

Research Content/#F 22N

Hepatic transporters play critical roles in drug disposition. Endogenous compounds and xenobiotics enter
hepatocytes via uptake transporters and, after metabolism, are excreted into bile or back into blood via efflux
transporters. Changes in transporter activity caused by genetic polymorphisms or inhibition can alter pharmacokinetics
and may lead to adverse drug reactions. Organic cation transporter 1 (OCT1) and multidrug and toxin extrusion
transporter 1 (MATE1) mediate hepatic uptake and efflux of organic cationic drugs and interact with structurally
diverse compounds. However, their mechanisms remain poorly understood. We aim to determine cryo-EM structures
of human OCT1 (hOCT1) and human MATE1 (hMATE]1) with substrates and inhibitors to elucidate organic cation
recognition, and validate the resulting rules by transport and binding assays. Ultimately, these structures will improve

prediction of transporter-mediated drug—drug interactions and accelerate drug discovery.

JFRBOD R T o AR — 2 — (Wb (4) 13, S BIREIC BB R EI 24 - CTd, BT I/iE7RE ONRVEL & &3
WRBmRIREDOHNRMALEWIT, BVIAB T AR —F—% N L CHE NSRRI AD, fR##%IZ, JeH T2
N— B —Z i U0 o ~ PR S U5, SR DO s S RO ML E (B TEME D 2 i 2 Sk B e - e B4
Bz BEICHEKEL 52 DAREMER S D, FFC, AT ALK 1 (OCT1) EZ A HEHEREAR 1 (MATED 1%, £h
Z AR 31T DG 1 T A LMW DO B IA PR 2 5 TRY | iGN SR I FE LA EFH BAE
MTHZED530>TD, Ll OCTL R° MATEL IZxE 3 DEEIRAIZRBI LA H £ TODIZHD 0BT, D53+
BRI X0 I S TR, L RO R G | REFEO B, 7744 & FBMEEE HVW T, BER OCTI
(hOCT1) LR MATEL (hAMATEL) D& FERE 36 KOS AR L ER L OFE RIS AR E L, MR AR T 438
WAL THIETHD, BONTERND, ZIOEIERIZB T BB O — VAR, ik FEERE
il FEBR TGRS D0 BeA&AYIZ, hOCT1 X° hMATEL %41 L7238 AAE F O T IR AIZEIF ZE D NHIZ D72 3 DA
SRt £ iy o R Nt = = IS

Possibility of social implementation/#-4x 545D Al REME

The resulting structural information is expected to enable highly accurate in silico prediction of drug—
drug interactions, allowing assessment of OCT- and MATE-mediated interactions—previously difficult to

evaluate—and facilitating the rational design of novel inhibitors.

BONTAEE G WL, in silico \Z XD 3R B AR O Bk E TR ~O I ARSI, TERIR#ECH -7 OCT <
MATE %4195 3% B AER OFHG-<0, FrR L EA OGS B FHE rTREE D,
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Graduate school/Department Graduate School of Medical Life Science/ Department of Medical Life Science

BB IERt/ B4 A ERATTERE A ER L
Program/Grade Doctoral Program 2 Name Tatsunari Ohkubo
PRFR/ AR MEREHRE 24 K4 RIS R
Dynamic structural analysis of the Ebola virus glycoprotein GP using the DXT

Research Project Name

HFsaE A, method

TIRTTA VAR MRESR L 7378 GP OENHIREE AT |23 S <Al SR AR R 21

Research Content/ffF 72N 2

Ebola virus causes highly lethal hemorrhagic fever in humans and non-human primates. Viral entry is initiated
through interactions between the viral surface glycoprotein (GP) and C-type lectins on the host cell surface. Although
GP dynamics are thought to be involved in viral entry, the molecular dynamics of GP have not yet been directly
characterized. In this study, we investigated the molecular dynamics of Ebola virus GP using diffracted X-ray
tracking (DXT), which enables three-dimensional, real-time measurements of protein single-molecule dynamics.
Purified GP proteins from the pathogenic Zaire strain and the non-pathogenic Reston strain were compared using
macrophage-derived MGL 1 and dendritic cell-derived DC-SIGN as C-type lectins. Measurements were performed
at SPring-8 BL40XU. The Zaire GP exhibited higher motional activity than the Reston GP in both tilting and
rotational motions, suggesting a relationship between GP dynamics and pathogenicity. Upon MGL 1 binding,
motional activity increased in the Reston GP but decreased in the Zaire GP, likely due to stronger binding of the
Zaire GP to MGL 1.

TARTTAN AT MR B RIS L TBIEROEH O HIMEE 5| S, =R TVANVZAOMIR AL, VA/VAKH
B4 737’8 (Glycoprotein: GP) &48 FMARR FIZFAET D CBL 7T U LM AAERIZ L > TRIGSNA L HIHIL TV
%o GP OBIREIEZALDS AR AIZE 5L TNDEB X BIL TV, FERIC GP Oy TEIEZ B HEE X 7o @5 1372
W, AL T, TARTTALAGP D43 FEIEZLNICT LA HRIEL T, o/ V8 1 43 A = IRocHID D
U7 NAA LG ATREZR X #1150 FIBBNEE Iz, X 1 5 FBENEIL, o VBT A SE T /fEdn b AL
DR R A BN 228 T, Zo T EENREE = IR TTHIIZRT T 2 FIEThH D, GP TR~ 2 HV BN
U T Z R A — A BB KOV R A RS DL AR Z g L=, C BV F o d, ~7u 77—V ko
MGL 1 B3I USRI 3D DC-SIGN % v 7z, 5% SPring-8/BLAOXU (2 THEMEL 7=, ¥ —/L 1 GP (1%, i
A RN L ONEEREE OV AU TH, VAR GP J @V EEMEE R U7, BB O 21305 F O E A
L CWBERIESLZ, MGL 1 f5&Icky, L AN GP CIEEBEO IS bz — 5T, ¥ A/—1 % GP T
IGEEEDIK T RO LN, VA —/LVA GP X MGL 1 EFRENCFE ST 228 Th TEEB IR SN-E B 207z,

Possibility of social implementation/ft-4x 3245 AT FEM:

This approach establishes a novel drug discovery strategy targeting structural fluctuations, enabling the screening of
compounds that modulate GP dynamics and viral infectivity. The platform is expected to serve as a safe and broadly

applicable foundation for drug discovery research.

HEIEFE DX HAE I E LT PER ISR BISRERIE O FENTIZ D72 230 | GP BRSO 2 I b D AT ) — =27
INRIREL 722, LA SILHIMED M AR FE AR L U CO RBADS S D,
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Graduate school/Department Graduate School of Medical Life Science/Department of Medical Life Science

FTIE A FERt/ K 4 A EREITTER A ER AR
Program/Grade Doctoral Program 2 Name Haruka Kawabata
ARFR /A MEREHRE 24 K4 J 1

) Structural Analysis of Light-Responsive Peptide Nanofibers for Biomedical
Research Project Name

A, Applications

RIS Z B UTOISE AT F R T )7 7 A 73— O SLARREE gt

Research Content/#F 22N

This study elucidated the correlation between the three-dimensional structure and physical properties of light-
responsive self-assembling peptide (SAP) nanofibers, aiming for applications in regenerative medicine and
microfluidic technology. Specifically, addressing the challenge of “droplet coalescence” in biocompatible aqueous
two-phase systems (ATPS), we designed the azobenzene-containing peptide “AzSAP” and its reverse sequence
“rev-AzSAP” as droplet stabilizers. Analysis using cryo-electron microscopy confirmed that both peptides possess
similar fundamental structures despite their reversed sequence orientations, and both exhibit excellent droplet
stabilization capabilities. Conversely, a marked difference in viscosity was observed, with rev-AzSAP exhibiting
over three times the viscosity of AzSAP. High-resolution structural analysis revealed that rev-AzSAP contains a
specific fibrous polymorphism (Type 2, 3) with a highly regular lattice-like cross-section. This unique structural
feature is likely to facilitate the formation of inter-fibrous networks, thereby accounting for the markedly increased
viscosity. These findings contribute to establishing a foundation for the logical design of functional peptide

materials.

AAFFRET, FEERSS~ A7 afit i ~0Ic % BHEL, RIS Z2FF> B QB AT F R (SAPs) /774
N — DL LYPEOFHBIZ MR E LT, FRIC, AT G D VORI —AH R (ATPS) 1236135 R Ot G )
EVIORREICH L M E BB EL T B & T X7 F RTAZSAP | &2 D WiEL 1 lrev-AzSAP | 3% #HL L
720 VAL BT BMEEE FIWTIRIT OFE R X7 F R ITES D& N0 CThO e N OFARI U A S 2R D |
N EN TR L TECREZ R T e ERR SV E L T2, — 7 T MMEITIXBAZE 2 7203 O AL, rev-AzSAP |3 AzSAP
O 3{ELL EOFERNEERUE LT, B RAERE IEARITIZ LY | rev-AZSAP (ZIZHLIED BV S TR IT T 2 FF O 4%
B2 MRHES T (Type 2, 3) NEENDHTENNHIBHLE L2, ZO%R B2REE ASHRHERT O B S A Z IR L, ks
PEAFBLESHTNDHEE X DIVET, RERRIT. FERI B REE T F KPR G O BRI T 592D T,

Possibility of social implementation/t-4x 545D A REME

In liquid-liquid two-phase systems, droplet stabilisers with high biocompatibility are in demand for research and

drug discovery and hold potential for societal implementation.

IR AR TR S PED MW 2 EEAN I ZERAIERIC I W T=—X03H Y | tERFELED ATRENEDS
%,
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Graduate school/Department Graduate School of Medical Life Science/Department of Medical Life Science

AT BT IER R 4 A ERAIIER A ER K
Program/Grade Doctoral Program 3 Name Yuki Aida
ARFR/ A MHRERE 34 K4 TH HA

Elucidation of molecular mechanisms and identification of diagnostic markers of Asian-
Research Project Name | type diabetes characterized by early pancreatic -cell dysfunction

W FERRE A e B MIIOBEREAR T 23eAT 921727 N I HE PRI O 7y FHERE DO fiF Bl L2~ —
A1 —DIRE

Research Content/#F 22N

The main pathophysiological features of type 2 diabetes are insulin resistance of peripheral tissues and pancreatic
B-cell dysfunction. The mechanism of B-cell dysfunction remains poorly understood, and there are currently no
fundamental therapeutic or preventive strategies. -cell dysfunction is triggered by reduced expression of the
transcription factor Mafa, which is essential for the maintenance of f-cell function. Although diverse mechanisms
have been proposed as causes of Mafa downregulation, a unified consensus has not yet been established.

All type 2 diabetes model mice, which are traditionally used in research, are “European type”, in which insulin
resistance precedes. Based on these models, prolonged hyperglycemia due to peripheral insulin resistance precedes
B-cell dysfunction. In contrast, B-cell dysfunction precedes insulin resistance in the “Asian type” diabetes,
suggesting that the underlying mechanisms of B-cell dysfunction differ from those in “European type” diabetes.
However, the lack of appropriate animal models has been a major obstacle to elucidating the mechanisms of -cell
dysfunction in “Asian type” diabetes.

Accordingly, I established the world’s first animal model of the “Asian type” diabetes, in which B-cell function is
impaired without insulin resistance. Using this model, I elucidated a mechanism of Mafa downregulation that is
distinct from that observed in “European type”.

THRUEIR IR O F 7RI RBIIRAE DA L AV ARG L B MR OEREIR T T D, B MIBARREIR T Do Tt OB
fRITHEA TR O T | ARRAIZRIEIRIE PRI, B AN OFEREIR T 1X, B MIRL OB REAERF | iR B R+
MafA OFREFUL TG & 4L/ oTEED, L L, MafA OFRFUL FTOFRKREL TEAERLONRBESNTRY (5
{LARLR728) | RIZITHE— IR BRAR I T I L - TR,

PERDFFIETHOWOLIN TET “HBERIFE T L~ AL, Wb A AV ARFUEN BT T2 Tk AL Th
Do ZNHDET NV FAWTIEE DA A ARG 180725 5 — B HEIROBEREIR T | &V DA — ADMEE
SIVTETZ, Lol BRED LUTIEA L RY ARGINET B MBI TN X517 07 AR OFERIFIZIE, 2D
AX—AEY TUTELR, [TO7 N DT VEMDFAELIRNZEN, [T77 N | OFFFER ERNT AR L
TEHERNEFAD,

ZZT, TR T7 o7 N OF T )VEM O BIFEIZEFL 2 FEA L A ARGUET B IR BERE MK T
THET NVEMWOBRRICREN LT, £To, ZOFT VA FAWTIECK AR L3705 Mafa FEBUK T 057 1 itE %
LT,

Possibility of social implementation/t- 4> %350 rlgEME

Insights into the molecular mechanisms of pancreatic -cell dysfunction obtained from the newly developed
model mice of “Asian type” diabetes, are expected to contribute to future personalized medicine. Furthermore,
comparative analyses between “Asian type” and “European type” diabetes models may facilitate the identification
of subtype-specific diagnostic markers for type 2 diabetes.

BIFEIC N LTI T O 7 N DET VBN DGO B MR REIR T D2 FHERE O M A4S LI 7 (1]
{LEIEA~DOISHAB RSN D, o, [7V7 AN ETECR A | OF T VB2 Ll 5 2 28> T AUE IR D
YT AAT R R 2~ — D — OB ICE IR T D2 ifr s,
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Graduate school/Department Graduate School of Medical Life Science/Department of Medical Life Science

FTIE A FERt/ K 4 A EREITTER A ER
Program/Grade Doctoral Program 3 Name Yukihiro Furuuchi
ARFR /A MEREHRE 34 K4 N SR

Research Project Name | Development of Novel E3 Ligase Ligands for PROTAC Applications
WHIERREA PROTAC (ZHI I W REZ2HTBL E3 YA — B YA R OBAZE

Research Content/#lF 72N 45

Proteolysis Targeting Chimeras (PROTACsS) are heterobifunctional molecules composed of an E3 ubiquitin ligase
ligand and a ligand for a protein of interest (POI) connected by a linker. By forming a ternary complex with the E3
ligase and the POI, PROTACS induce selective degradation of target proteins via the ubiquitin—proteasome system.
Although this strategy enables the targeting of proteins that are difficult to modulate with conventional inhibitors, its
application remains limited by reliance on a small number of E3 ligases, such as cereblon (CRBN) and von Hippel—
Lindau (VHL), leading to challenges including degradation resistance and limited tissue specificity. Therefore, the
identification of novel E3 ligases and corresponding ligands is essential. Previous studies demonstrated that
modification of the linker attachment position of an inhibitor of apoptosis protein (IAP) ligase ligand yiclded a
PROTAC that recruits an unknown E3 ligase distinct from IAP. In this study, we aim to identify this
uncharacterized E3 ligase through pull-down assays and proteomic analysis, and to elucidate E3 ligase—ligand

interactions and optimize ligand structures using docking simulations and in silico approaches.

PROTAC (Proteolysis Targeting Chimera) (%, E3 U —BUH R 2 08 (PO VA RED L J—CHifEL
TeX AT THY, X TF 1 70T 7Y — LV AT LI LR Z R B D53 %553 DRI Ch D, —
77T, PROTAC (ZHIH AT 6EZR E3 UM —BITMROALTIY . ZAUTEE R L TR M O JEAF-ORE R R SR E D RS &
STCRRBEDER SN TN D, £D72  PROTAC IZFIH FTREZR T B E3 VA — B DERR B LUK IS T 2V RO B3
DARFRTHD, FATHZEICBN T, IAP U —BU T ROFE AN E A L7 PROTAC 723, IAP S35 K MmD
E3 U —BZV 7V —h DTN RSN, AFIETIX, ZORF E3 VT —EBDRELZ BHEL, 7AFT T ot
ABLOT BT A — LFHTICEY E3 U — B ORBEAT o7z, SHIT, E3 U —BEV T VR EDOREEIEMAR B D
fiRiAZ BAR L., UV R 2 48 U= PROTAC #ERO A ks L OV iRE R 2 S i L 7=, A 1% 13HER E3 UH
—BEZRIEL. in silico fIEATIZEY E3 YA —BEU T ROFE GO AT,

Possibility of social implementation/#-2x 545D A REME

Most E3 ubiquitin ligases encoded in the human genome have not yet been exploited for PROTAC development.
This study represents a highly novel approach that aims to comprehensively predict ligands for uncharacterized E3

ligases using in silico analyses.

EMIAELET D B3 U —E D K21% PROTAC IZRFHEN TR, ABFFEIL. in silico fEATICED AN E3 VA —F
DV REMHERINZ TR DD @S WIFZE Th D,
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Graduate school/Department Graduate School of Medicine/Doctoral Degree Program

BRI IERt/ B A4 EEETTERE ER R
Program/Grade Doctoral Program 1* Name Sayaka Ito
PRFR/ AR ML 14 K4 (A Rk

_ Elucidating the Function of MED26-containing Mediator Complex in the DNA
Research Project Name

WFFERRES

Damage Response
DNA H{ZIRE 2351725 MED26 D FERESEH]

Research Content/ffF 72N 2

The Mediator complex is a large multiprotein complex that plays an essential role in transcription, the process by
which RNA is synthesized from DNA. MED26 is one of the subunits of the Mediator complex and is known to be
particularly important for the regulation of transcription elongation. In recent years, we have found that MED26 may
function not only in transcription elongation but also in the DNA damage response and DNA damage repair. It is
generally thought that numerous factors accumulate at sites of DNA damage and act cooperatively during the DNA
damage response and repair. Because MED26 also accumulates at damage sites, and because the Mediator complex
containing MED26 binds very strongly to RNA polymerase II, it is possible that MED26 accumulates at damage sites

together with RNA polymerase II and promotes DNA repair through an as-yet-unknown mechanism.

AT AT —H—HEERIZDNADD RNAZ SRR T THRE | L) 7 B AIZB W TEEREEZ B3 2 U EE KR
BEKRTHD, MED26 [IAT 4 =— X —HEEROY T 2=y hOOEDTHY | FRCHER G EHIEICIWT, HERIT
TebEES DL TND, T, Fox 1E, 20 MED26 235 5 K filf#1 7217 C7e< | DNA #5520 DNA #H51E
BIZBWTHEERII O D HetEa AL,

—fRIZ, DNA H{5I8Z - IEEE 2V T, DNA HEGEMLIC SO R F1ERL T AL TER 722825
LTS, MED26 HIREHTLICEFE T D2 L, 72 MED26 25 T AT 4 =—4— [ IIEH 1258 RNA ARY AT —F 1T Lk
BT HIEND, MED26 2MBEERALIC RNA RY AT —F T &2 £ TEML ., ERIMOBEEIZL > T DNA EEEREL
TWHATREMED B D,

Possibility of social implementation/t:-£ 3240 T HENE

Some cancers are thought to acquire drug resistance by abnormally upregulating DNA repair pathways. If the
molecular role of MED26 in DNA damage repair can be elucidated, it may lead to the development of new anticancer

therapeutics targeting MED26.

WSODMD Al DNA (E1E RS 2 S5 TLHE S5 2 & CTHANMMEZEIS L TV D EE 2 BT D, MED26 M EIEE
BRI 1R EN 24 L~V TR CENIE . MED26 2% —47 > b LT T2 78 N VTR IRIR D BRI T D72 035,
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Graduate school/Department Graduate School of Medicine/Doctoral Degree Program

P AFFERt/ 4 EEEEETERE ER L
Program/Grade Doctoral Program 1* Name Midori Ota
EETE=S MR 14 K4 KH £33

_ Comprehensive Evaluation and Advancement of Disease Risk Score—Based
Research Project Name

WFFERRES

Methods for Causal Inference Using Observational Data
WRBYAT 23T % SR L LT BT — 226 1T HIRERHERm FE O el R R & m Ak

Research Content/ffF 72N 2

This study aims to advance methods for confounding adjustment in observational and pharmacoepidemiologic
research by theoretically and empirically investigating statistical causal inference approaches based on the disease
risk score (DRS). The propensity score (PS), which has been widely used in practice, is based on a model for
treatment assignment probabilities and has been reported to yield unstable estimates in settings involving rare
exposures or multiple treatment groups. In contrast, the DRS is an index that predicts the expected potential outcome
under no treatment from covariates and enables confounding control under weaker identification assumptions.

First, this study introduces a two-dimensional balancing score that jointly incorporates the PS and the DRS, and
examines the theoretical validity of integrated confounding adjustment methods based on this framework. In addition,
methods for estimating the DRS for time-to-event outcomes using Cox proportional hazards models are investigated.
Finally, the proposed methods are applied to medical big data, including electronic health records and claims data
(real-world data; RWD), and their validity and limitations as confounding adjustment approaches for RWD are
evaluated through comparative simulation studies. Through these investigations, this study seeks to extend the
applicability of causal inference in observational and pharmacoepidemiologic research and to establish practical and

reproducible analytical methods for RWD analyses.

AWFFECIE, BB R L OSEANE PRI B T ARG FikoE EbA B EL T, RV AZ A2 7 (Disease
Risk Score; DRS) & FH =4 G AO IR e im 1A A B GR P B L ORGSR G2, IERIAK WS TE i Aa )
(Propensity Score; PS) 1%, ZLEEIT OMEZET T WATEE ST | M/ iz OB E ORI T CIIHEEN R LZEL
IRHTEDFERISIVTCND, ZHUTKI L, DRS 1TALE 252 T 720> 7o 55 DT T D N LD W RFE 2 L8 S o T3
LI THY, TVFHOIRBUKED T CERAEHIEN AIEETH D,

F£9°. PS & DRS ZFIFIC AV R ITTNRT 7 AaT 8 AL, Mg 2 kA LTI kR L0 A 24 Pl
BN R 5, AT AFFRER 7 b 255 L L, Cox Hefil A~ —RE7 L% V- DRS #EE Tkt 5, &
Bl B FANTRVE T N — 2R EDEERE Y 77 —4 (Real World Data; RWD) IZIRRFIEZ# AL, RWD (x4

DAHETIEFILEE L COZ éf&kﬁ&ﬁa’:/ a2l = ar MBI LS THERR 2, ZND&EL T, BRI IR L OSEH
P2 TR 31 DR R HE R FPHALIRL . RWD AT IS 312 S ) CRBIMED B\ IRHT FIEOMNLE B 1
T

Possibility of social implementation/ft-4x 3245 AT FEM:

The confounding adjustment method proposed in this study is applicable to research using medical big data and is
expected to enhance the reliability of statistical causal inference in clinical research. By improving the quality of

real-world data analyses, it may contribute to more efficient conduct of medical research.

AW THRE T DG THEFIEL, BRI T — 22 W= fTRETHY | BREEIFZEIZ 31T AR5
R R OAEFENE A FI2F 5975, RWD fiftir OB 2 5D . SRR ZEHEE 1 E A2 &0 i S ns,
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Graduate school/Department Graduate School of Medicine/Doctoral Degree Program

BB ER R B4 AT TERE R
Program/Grade Doctoral Program 1* Name Misato Kurio
PRFR/ AR ML 14 K4 R Eiw

_ Analysis and evolutionary investigation of the gene regulatory network in antigen
Research Project Name

WFFERRES

presenting cell differentiation
PURIR IO /3G BT DER TR E T N — 27 Dfiftt &2 OHEAEFE D fiF B

Research Content/ffF 72N 2

Adaptive immune systems that activate lymphocytes in an antigen-specific manner through antigen presentation are
unique to jawed vertebrates (gnathostomes). In gnathostomes, the differentiation of antigen-presenting cells is known
to be regulated by the complexes formed by transcription factors A and B. Although homologs of A and B are also
present in protochordates lacking adaptive immunity (such as ascidians and amphioxus) and in cyclostomes
(lampreys and hagfish), which possess an adaptive immune system distinct from that of gnathostomes, it remains
unclear whether these homologs can form functional complexes analogous to the A-B complex in gnathostomes.
Notably, in ascidian blood cells, populations expressing A or B have been identified, whereas cells co-expressing
both of them have not been observed. Based on these observations, I hypothesized that the acquisition of the ability
of forming A-B complexes and their co-expression were key events in the emergence of antigen-presenting cells in
vertebrates. To test this hypothesis, this study will conduct comparative analyses of genomes, gene expression, and

protein structures across multiple species, including protochordates and cyclostomes.

PURTER IS L THURRF I D SBT3 DS S0 B 1 SO HOFHEENY (A 0D IR A O e ik
HTh D, F NI DRI RSO EIE, BTEEHIIE THRIEBL S DGR T A, B BB T 2B A KIZI-T
FIEISN TODZERHMOIL TN D, WIS Z ST RWRREN) (Y A7 DT 4) LR DAL TR DI e %
HOM A (Y AT T XFTF) 1T OO G R F-ORER T LT DN, B HHEFRROE SR E TR
20, ETFEITHRR LS ONIIAIA TH D, FrZ, AY O MEMIIZIZ A Z BB T 26D L BAFBLTHLONRFET
LHDD, T bE BT DI IMEEE S TR, £2TC, AL B EARETER T 28 ) B LU BLO AN
FHEEMI B DU RSO HELO B TH > To LW RELZ LT TN D, AWFIE T, ZORGARRGET D729
JRSRE - 1 DA S TEETEIC IS N T, 7/ A BB F-IEBL, 2o ™G E O LT 24T,

Possibility of social implementation/t:-£ 3240 I RENE

Elucidation of the mechanisms that determine the presence or absence of antigen-presenting cells is expected to
provide deeper insights into the pathogenesis of diseases accompanied by abnormal hematopoietic differentiation,

such as leukemia, and to serve as a foundation for the development of novel therapeutic strategies.

PURTRR A A 2 BUE DR OMFIANET 28T, AIHRE | MO LR E 2O R BITH L, SV
FEAR 9P RE BRSO R T 2R TR R D R L7 5 T LS IR S LD,
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Graduate school/Department Graduate School of Medicine/Doctoral Degree Program

BB IERt/ B4 EEEATIER ERM R
Program/Grade Doctoral Program 1* Name Chen Cheng
PRFR/ AR ML 14 K4 R

_ Elucidation of the Pathophysiological Role of Brain—Heart Axis Dysfunction in
Research Project Name

T Cardiac Hypertrophy

Jibh— Coligd B D TEH PERRHE (L (K9~ 2 B R A = X L ORI

Research Content/ffF 72N 2

In Japan, the number of patients with heart failure is increasing by approximately 10,000 each year due to the
aging population and is predicted to exceed 1.3 million by 2030. Since effective therapeutic strategies for chronic
heart failure with diastolic dysfunction caused by hypertension-induced cardiac hypertrophy remain limited, novel
approaches targeting cardiac hypertrophy are required. Angiotensin II (Ang II) is known to elevate blood pressure
via the angiotensin II type 1 (AT1) receptor and to induce cardiac hypertrophy; however, its precise sites of action
and underlying mechanisms remain unclear.

In this study, to elucidate the mechanisms of Ang II-induced cardiac hypertrophy, Ang II (6ug/h) was
subcutaneously administered for two weeks to 8—10-week-old male mice, and pathophysiological changes were
evaluated. Administration of Ang II induced both blood pressure elevation and increased heart weight compared
with vehicle-treated mice. Notably, positive correlation was not observed between blood pressure and heart weight.
Furthermore, oral administration of losartan, an AT1 receptor antagonist, via drinking water (0.6g/L) or continuous
intracerebroventricular infusion (10ug/h) suppressed Ang II-induced hypertension and cardiac hypertrophy. In
contrast, oral administration of hydralazine, a vasodilator, effectively attenuated Ang II-induced blood pressure
elevation but failed to suppress cardiac hypertrophy.

Taken together, these findings indicate that blood pressure elevation alone is insufficient to induce cardiac
hypertrophy and suggest that activation of central AT1 receptor contributes to cardiac hypertrophy formation
through the brain-heart axis.

A A TIRE S LB T ONEBEENEFE 1 AT OHINL TR, 2030 F12iF 130 5 AEHER LA
YT IVIDIAETHE TR TOD, KRS, mIMEICER T 5.0 ERICEDIEERRITK 32 Rt Rk b
TEY, HLWFET 7 a—FBNEEN TS, 7oA T T (Ang IDIE AT 28 &S U TR 72 @ LT
AL, DIERZEH T DZERHONTNDDN, ZDOIEHEALRLFEMR AT = A W3 ISR S TRy, A
WFFETIE Ang MK D DER AT =K LZf7A§ 576, 8-10 BEGOIEME <~ AIZ Ang IT % 2 W F# 5L, D
JRAB AR L7, #55. Ang IT % 5-HE Tl Vehicle #& G-BEL R LTIl E ER-BIONWOEEIINAFEO T, EE
DEEOBIZIEOFBNIZR D SIeh o7z, E5IZ Ang 1 OG- CFIFFIZ, AT1 2 BIFEHE O Losartan #f/K F7~
MM EE IS FRe i G- U7 L IIE B R B KOVDIE RN gnfil sz, — 75 A L3O Hydralazine MUK
Fi3 Ang N2 XA ME EFAMHIL72b 00 DIERBSIHl SR o7z, BLESY | E EF-OZTIROLIERIE
BT CE AN EARIBSIUE MELfED DB RFE R AT = X LD —FBIZ, BN AT1 SRS LI k-0 R
MBAE-T 2 TREMEA RIB S LT,

Possibility of social implementation/#1:4 5225 D Al el

Elucidating the role of central Ang II signaling in cardiac hypertrophy may highlight the importance of the
brain—heart axis in cardiovascular disease and facilitate the development of innovative brain-targeted therapies for

cardiac remodeling.

DERIZBIT DA Ang &7 T VO EFRZMFITHZE T, DREICEITD k- OER | O EEMEZ LN
Mz AR & LT A BR ””fagﬁfﬁﬁ{l“féﬁﬂkﬂl%@ﬁ'ﬂj_Ofc,t?b%ﬁfﬁbinébéo

18




Graduate school/Department Graduate School of Medicine/Doctoral Degree Program

PTRAF TR/ BB 4 EEPTER R
Pr(_)gram{Grade Doctoral Program 1* Name Ayano Yajima
PRFR/ AR i e L e K4 KB RETY

. Elucidating the Mechanisms of Compensatory Area Formation Driving Motor
Research Project Name

e, Function Recovery After Brain Injury.

Jii R 155 1% D IEENHE RE [R11E 2 =] A BT B AT =X LD iR

Research Content/#lF 22N

When neurons in the brain are damaged and lose their function, neurons that are not typically involved in this
function can sometimes compensate for this lost function. These regions are referred to as compensatory areas, and
their formation is thought to involve neural plasticity. Our laboratory has focused on the a-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid receptor (AMPAR), a core mediator of neural plasticity, and has demonstrated
that experience-driven synaptic delivery of glutamate AMPAR in compensatory areas is critical for motor functional
recovery. However, the molecular mechanisms underlying when and which brain regions contribute to
compensatory area formation after injury have not been elucidated. In our laboratory, we have developed a positron
emission tomography (PET) probe that enables visualization of AMPA receptors in the living human brain. Using
this PET probe, our clinical studies identified the anterior cingulate cortex (ACC) as a brain region in which changes
in AMPA receptor density were correlated with the recovery rate of motor function in stroke patients. Based on
these findings, we hypothesized that the ACC plays a critical role in compensatory area formation and motor
recovery. To examine this hypothesis, we knocked down AMPAR expression in the rat ACC followed by
cryoinjury to the motor cortex. As a result, motor function recovery was significantly impaired despite
rehabilitation. Furthermore, to identify molecular mechanisms underlying the formation of compensatory brain
regions, we performed single-nucleus RNA sequencing and identified gene X as being highly expressed specifically
in the ACC of the cryoinjury group. Accordingly, knockdown of gene X in the ACC, followed by cryoinjury to the
motor cortex, resulted in a significant reduction in motor function recovery.These findings suggest that excitatory
input mediated by ACC AMPAR, together with gene X expression, plays a critical role in compensatory area
formation and motor functional recovery after brain injury.

R DAL ARG 252 T RE R > TLE 72 BRIT, BB X OMREZ D72 W B O IMFEIR MR B 2 i 2 D&
D, ZOIH7 MM A B R | LV AR a2 BRI 5 2 S CD, FTEIFEE Tl ik el vt ik
ZHH9 AMPA Z 21K (AMPAR) 1235 B L, fVEEFIZI1T D AMPAR 2 L7=BLEME A S REIRIE ICEE CTHHIE
ZHADNZLTZ (Abe et al., Science, 2018), L)L, BBV OEDMEIRNRE DLH72 55 FAH = AL TREFOR
A B B3 ADNIBABLNT /2o TR,

FTBMFFEE CRITE STz, AEET-EMERIND AMPAR % ] #{kC&2% PET-probe % VT T T B R AFFEIC L~
T, HIHHIRECE (ACC) &V IMfEIE T, k25 H BT OB RE D[R] 18 32 & AMPAR O% FEZ8 b &I FH RS A FLH L
oo Bz 1L, BB % D ACC PEBIREDEIE (REBF O ICBE T 5LV IRMEILT, 7vhd ACC IZE1T
% AMPAR % shRNA (short hairpin RNA) 2 AW T /w7 &2 (KD) LBV 2 mifEEE LT-, €O RIAEVEZBZ
72 ChHIEENEBED [FIE N A BT o To, ZOREE IR 53 T A =X LB BT T 5728, single
nucleus RNA-seq 217720, HFEHEEGRED ACC TOAIIBLEN mWIBIE T X Z LUz, E512, ACC IZRBT5iE
fot- X % KD LRERICIEB B 2 515 T2 LU BV E T CHIEEWERE D [IE R IX A B I T, ZhbD e
5, RAEFORRITIL ACC 250D AMPAR 24 UT- BB A S LBET X ORBBREELEFE2H-TNWBEZE
DRI,

Possibility of social implementation/#-2x 545D A REME

Identifying brain regions and molecular mechanisms involved in early functional recovery could  contribute to
preventing the development of long-term sequelae. This research may lead to therapeutic strategies that are
fundamentally different from existing approaches.

AbFgea il U T, R E% OV B MAATICHERE IR I PO D MBI 4y F- 2 DS TEE, FHERIYICHRIE
TEZ AR TBIRIEC R~ — I — DB IR DL s D,
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Graduate school/Department Graduate School of Medicine/Doctoral Degree Program

BB IERt/ B4 EEETTERE  ERM R
Program/Grade Doctoral Program 1* Name Natsuki Hoshino
A ML 14 K4 BB A

_ Identification of a B cell dysregulation-sparing Nef mutation linked with
Research Project Name

WFFERRES

cross-neutralization of a neutralization escape variant SIV
PURTH R = A XD 7 5L BIFE I R EE 2 - SIV R IATE S BIi# 92 Nef 255585

Research Content/ffF 72N 25

HIV infection remains difficult to control in part due to the limited induction of effective neutralizing antibodies.
Similarly, the simian immunodeficiency virus strain SIVmac239, widely used as an AIDS animal model, is
characterized by a complete lack of neutralizing antibody induction throughout infection. In this study, we identified
an exceptional group of SIVmac239-infected macaques that developed neutralizing antibody responses. Notably,
within this group, a single individual exhibited neutralizing activity even against SIV variants carrying multiple
envelope mutations conferring antibody escape (multi-escape variants). Viral genetic analysis revealed that only
this individual showed complete selection of a specific point mutation in the viral Nef protein that was absent in
other animals. Comparative analyses across animals were performed to examine the association between viral
genetic features and cross-neutralizing antibody activity. While the functional significance of this mutation remains
unclear, its exclusive selection in the only individual capable of cross-neutralizing multi-escape SIV variants
highlights a distinct host—virus interaction. The basis for the emergence of this uniquely responsive phenotype

remains to be determined.

HIV D% B 40 1 RGE LT-BIEIZIB WO ThH ARIRICEDIREIE I S TE LT V7T U082 AT
EOMEGUIRIRE L CHERME THD, BH T ANV T, BRE IR Cll IS fZ N B 03 kg S, v A
VAN D03 HIV BERYE TIEARN TRHEISNDHUAD Z <D FFIREZ RN TR | DD AV ZREYGE & i L
TUAN AN EEL 225 — KT D, TAREWET LEL THWOIS SIVmac239 FRIZRW T | e B %2

U THRPUADTFES RN ZER B TOVD, RBFFETIE, 20 SIVmac239 YT T /MZIBW T, FIS I H
FUAZR S D VA FIE LTz, SHIZYZEEOMAT NG, FRFUASDOEZ B )& L THE DA R f-
FFO~VNF T A —7 R SIVIT U Ch FAEMEZ R T, Fr B2 EIR 1 BRI E T 2L MAbm Lot ZDP
AR DT T AN DR ZAT STk R B UERIZIB W TO A AEIR TIEZRED BALZRND A /LA Nef &
P TE D EERNERITRIRSN QO e, BLEPE TIIZ O RRITHLNTIFARWS, Rk 2B ED 1 TH S LI FF R
TREARIZ 301 D28 MR A B B AR RN IR ARG CTh D,

Possibility of social implementation/t:-£ 3240 I RENE

This study aims to elucidate, at a fundamental level, the multi-layered molecular mechanisms of viral factors that
govern resistance to neutralizing antibodies in AIDS viruses. Through this work, we seek to generate foundational
knowledge that will contribute to the design of neutralizing antibody—inducing vaccines and novel immunological

intervention strategies.

TART AN AN BT DFFIHURIESTI A T DT AL AD LB D4y TR 2 TR O T 5225 B i
9, ZAUTEY, FRPURTHEER T 75 of e ABRRE OR% FHIE 92 00 ROAIHIZ 7221 5,
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Graduate school/Department Graduate School of Medicine/Doctoral Degree Program

A& ZERE/ B 4 EER ER R
Program/Grade Doctoral Program 2™ Name Shintaro Ogawa
PRFR/ AR MR 24 K4 /NI ELRER

Suppression of Pol II Ser2 phosphorylation enables short snRNA transcription
Research Project Name | termination via 7SK-mediated SEC/LEC compartmentalization in Cajal Bodies

WA TSK RNA (% Cajal Body 75 SEC ZHkfR$25ZLT snRNA D IEH R G/ HE & e it
T2

Research Content/ffF 72N 2

RNA polymerase II (Pol II) transcribes both polyadenylated (poly(A)-type) and non-polyadenylated
(poly(A)-less-type) genes in eukaryotes. In poly(A)-type genes, promoter-proximal pausing (PPP) typically occurs
30-50 nucleotides (nt) downstream of the transcription start site (TSS) and is released via Ser2 phosphorylation of
the Pol II C-terminal domain (CTD), enabling elongation across ~24,000 nt on average. However, whether Ser2
phosphorylation is universally required, including for short genes whose length is comparable to the distance from
the TSS to the PPP site, remains unclear. Here, we found that Ser2 phosphorylation is consistently low across the
gene body of short poly(A)-less genes, such as 100—200 nt snRNA genes. This unique phosphorylation pattern is
mediated by 7SK snRNA, which sequesters the super elongation complex (SEC), including p-TEFb, out of Cajal
bodies and retains the little elongation complex (LEC) within them. This compartmentalization prevents read-through

transcription and ensures proper transcription termination of snRNA genes.

RNA polymerase Il (Pol II) iZ, ARV A IITRE AL 1 EFER VAV RE AL D F AR E 35, RUA)V &R T, 5
BRRAG AL (TSS) Tt 30-50 HiFE T rE—4 —iTfHAR—R (PPP) AL, Pol Il ® C KR A1 (CTD) @ Ser2 Vi
TEAZ ZOFRBRS AL, S 24,000 SN K SRS ATREL 22D, LA, TSS 2°5 PPP £ TO ML FFEE DO RE L)
TR VESHIB S T3\ T, Ser2 U BB MM EIDNI AR B Th o7z, ARBFFETIL, 100-200 Ha HFR D snRNA &
15172 EDFLNIERV(A)BLEEAR 7128 T, BB - 21K T Ser2 VU B EAMEWN L~ L TIRIZCNA I E & R LT,
TR B LIREEIL . 7TSK snRNA 23 super elongation complex (SEC) % Cajal body #MZFEEEL . little elongation
complex (LEC) % Cajal body WIZIRFF 22 L CHEFRF SN AZ LA RLTZ, ZOXEARIZELD, V—RAL—HRE ) ]
SAL, snRNA IBARF DO EMEZREE FAREFE DS P RRISIRD T LD 3o T2,

Possibility of social implementation/ft-4x 3245 AT FEME:

Recent studies have revealed that read-through transcription products of snRNA genes contribute to the molecular
pathogenesis of respiratory and hematological malignancies. In this study, we propose novel gastrointestinal tumor
marker candidates based on snRNA read-through transcripts and their transcriptional mechanisms. In addition, we

explore fusion peptide—based therapeutic seeds, aiming for future clinical applications.

VTR | IR BRI ER IR 238\ VT snRNA D FE ZUSRBBEMINE D IR BETE I B G- 5Z 03
STETZ, AL TH., snRNA DFEAitH LF%&%@%@@&%H%L%%\%_WK SRS O~ — T — a2 =L T
WD, Fol G RTFRICEDEAN S — AU EL R GRS 2 B L T a,

21




Graduate school/Department Graduate School of Medicine/Doctoral Degree Program

FTIE A FERt/ K 4 EEIETER ER R
Program/Grade Doctoral Program 2 Name Emi Kamono
PR/ AR MR 24 K4 YIRS =S

Methodological Framework Development for Evidence Synthesis of Rare
Research Project Name | Events Across Multiple Study Designs

W FERRE A BRx R T P AANBIT DR IRA N NT —Z R G e LT 8T AR FED H
B iam O FE A

Research Content/#F 22N

This research aims to establish statistical methodologies for evidence synthesis involving rare events and addresses
two main themes: (1) synthesize methods for meta-analyses including double-zero studies, and (2) extended
approaches for estimating treatment effects targeting a specific population.

The first theme focuses on meta-analyses of rare binary outcomes, where studies with no events in either treatment
group—so-called double-zero studies—are frequently encountered. Such studies have often been excluded from
conventional meta-analyses using the Mantel-Haenszel or inverse-variance methods, potentially resulting in biased
inference. In recent years, alternative approaches such as beta-binomial models and penalized generalized estimating
equations (PGEE) have been proposed to incorporate double-zero studies. In this research, six statistical methods are
systematically compared through large-scale simulation studies conducted under 24 scenarios with 10,000
replications each. Performance is evaluated using metrics including relative bias, confidence interval width,
coverage probability, and convergence rate. In addition, an empirical application using a systematic review of
adverse events associated with anti—-PD-1 therapies is conducted to assess the practical applicability and limitations
of these methods in real-world data settings.

The second theme addresses methodological challenges in multi-level network meta-regression (ML-NMR), which
integrates individual patient data and aggregate data to estimate treatment effects while accounting for effect
modifiers. Although ML-NMR provides a flexible regression framework, it may suffer from model misspecification
and limited external validity. To address these limitations, this study proposes an extended Bayesian approach based
on a density ratio-weighted likelihood (WLE-Bayes). By incorporating WLE into simulated treatment comparison
and subsequently extending it to ML-NMR, this research aims to develop a robust statistical framework to support
decision-making in health technology assessment and regulatory science.

ARRIEL, f b FHE Gt T VAR AT DHEH N F kRO 2 BAEL, (1) double—zero HF 7% & e A
2T FVADRA FiEE, (2) 2 —7y MIEICESTRENRHEE DOT- D DILIRTIE, O —2>DOT —<IZHV
Te, FH—DOWFIETIL, FNRANATVT IR LERIRETDHAZT TV A ZBNT, WEECAUMAFAEL2N
double~zero AFFEDTNDHEERE RN -2 DA RGTT 5, WERTIEITMZ, X—% ZIHET VO A& — %
{bHEE R 6 FiEEZ AW, 24 VU4 F TR 2L —2al B EHL, /A T ACHEBHE R DBLEIND
PEREZ LI LT, E5I2, PLPD-1 OB EFRICETLET — X280, & FIEOwE AL R 2 REELT-, 5
T ORFFETIL, IPD & AgD Z#H A5 ML-NMR OFEBEIZRIL, 5 B b B A & 0 I e S, XHEE (WLE-
Bayes) 238 AUT=JER FIEZHRE L HTA ORISR IC 1) 55 B E 2 35 T 272 HEE M A O 4% B
59,

Possibility of social implementation/#-2x 545D A REME

This research provides statistically robust methods for evidence synthesis in rare diseases and safety evaluation.
The proposed approaches can be implemented in regulatory science and health technology assessment, supporting
more accurate treatment selection and policy decision-making across diverse medical settings.

ABFFE TR Dt FIEIL, AP RELER L BRI BT 58T U AR AT L TRETHY | Bl
JE3<> HTA #% B F61T DIRHe s JLOBUGR I O ¥ FE 1) _EIZE K75,
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Graduate school/Department Graduate School of International Management/Department of International Management

BRI IERt/ B A4 EFR~ A MIETER  EER~ R A MR
Program/Grade Doctoral Program 2nd Name Jun Takahashi
PRFR/ AR MERHERE 24 K4 s 1E

Research Project Name | Parental Preferences over Child Gender and Education Investment Decisions

A ST L HIC RO PERIAS IS AR I 5 2 DR SV C

Research Content/Aff 72N 45

This study examines the impact of parental gender preferences on human capital investment decisions. In this study,
gender preference refers to whether parents desired a son or daughter prior to childbirth.

I use an extensive longitudinal dataset that tracks women's family life and life course transitions for up to three
decades to identify parental gender preferences before the birth of their first child. We then analyze how these
identified preferences influence parents' educational aspirations and human capital investments in their children.

I find that pre-birth parental gender preferences are a crucial determinant of educational investment, exerting a
stronger influence than the child's actual gender. Specifically, children born to parents who desired sons receive
higher educational aspirations and greater educational expenditures compared to those born to parents who desired
daughters. These findings suggest that gender preferences can serve as a contributing factor to educational gender

disparities.

ABEFED B #E, BBFFO T L ~DOMERIIS RS NV E ARG 252 DB RS 528 ThD, ZIK%BV“ BIFD
PERIERAF&IE, BN HHPERTIC EFLIROWT AR LEL T ERR T, AFRIT. AREARKRE BT 0 BB E
AN =A LD, JATHFFE T3 TRET ST 7 THIZERTOPERIIAE | &) 2R Z%H L7z Rz
WTHRINE R AR 5, IFETTELL T, ET HMOFIRAETFRLTA 73— EOZEAbZ K 30 AT BBFL7Z KB
BN T =55 T 8 11 HERTOB ORI R0 2, ML MR 26 LIS E0 I8 T D ik
VA R0 NHYE ARG ~ DRz 0TS D, 530t BT, HAERTOB ORI 3 B E &G O BB EER TH
. EEEOFESOMER LS ROV R D La R L TVD, BARIICIE, BEFE2LATEBO T THE T FEBIT
WALNEBO T TELTZFEB LR L T BN LS WAB 22T ZEBEES NS REWZENHLNT-
Too ZIVHDHELIT, VERIRAF S BB R DA LA T ER L2RVGD L AR L TV D,

Possibility of social implementation/ft-4x 3245 AT FEM:

The disparity in human capital investment constitutes a fundamental factor underlying gender wage gap. Therefore,
revealing the determinants of human capital accumulation may provide crucial insights for addressing gender

economic inequalities.

B E S EICBO T, ABEARKERKRAZITEE T —~Thd, TDI=D NHVERKE DR EERNEZ 55
ZET, Vel A —F vy T EEO—B b BRSNS,
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Graduate school/Department Graduate School of Nanobioscience/Department of Materials System Science

BRI IERt/ B A4 Hbn T /AT DRE AR WL AT DR AR
Program/Grade Doctoral Program 3 Name Kotaro Oikawa
R/ A MEREHRE 34 K4 B KRR

Research Project Name | Study on Instability Blinking Phenomena in Nitride Semiconductor Materials
W IR A AL FIRICIIT DR E RIRBLG BT D158

Research Content/Aff 72N 45

Nitride semiconductors are widely used in practical applications as high-brightness blue LEDs. They are available in
a full range of optoelectronics, and its device applications promise to make a significant contribution to society. On
the other hand, there are still some unresolved topics of nanoscale phenomena surrounding the photoluminescence
process. Since the successful development of blue LEDs, the relationship between the amount of crystal defects and
photoluminescence intensity has been pointed out as a contradictory feature. Crystal defects usually cause
non-radiative emission and reduce the luminescence quantum yield of the device. InGaN, which is used in actual
light-emitting devices, has a wide bandgap in the blue wavelength range due to the indium composition ratio. To
realize applications as high-performance optical devices, it is necessary to clarify this inconsistency in device
development and to study the quantitative relationship between the inhomogeneous crystal structure and optical
characteristics. In this study, we perform high spatio-temporal resolved optical measurements and analysis of
quantum well blinking phenomena observed in nitride semiconductors. We aim to reveal the mechanism of the
quantum well blinking phenomenon by developing a theoretical model of the blinking phenomenon recombination

process based on the experimental results and performing numerical calculations.

EALW BRI, SEEE F O LED L UASEREESN TS, A7 hmL 7/ ha =/ A28 IS TRETHY, &
DT NARERNTHBICE K DE BN T DD THD, — T, ZOFRINEREZD DT /A — /L OWY B 5
(XU CORMEI R BEIAFAE T 5, & 4 LED (., BAFE AT M IRED DR O b K g D e &R SEHEE & D BRI
JEED W DR RISV CTE T, @ HE | s KMIIIERIZ S ERILT A ADR N EFINE LR TS5, FE
DFENT NAZTHD InGaN 1L, In MK LEZFIE ST DL CH AWK EEBO VAR R v TREEE S5, 20T
INARBRFED T T 7R 7 A BN L, @RI T T SA RIS A FEBL D72 DITIE, AN —7pkb i & 74
PEDE BBIREMRFTT 20N BH D, AT T, E W -8 RICBIIIS N D &1 H 7 R RIC LCRiREZE
Mo RS E B OV DFFNTEATD . FI2 FEBRAE oD D IR R AMAE DT T L OB EE LB G FIC XD MEEEAT
L TR T RIRB R AR ORI BT,

Possibility of social implementation/f1:4 S23E 0 Al HE:

We will provide detailed understanding on the physics of the photon recombination process through elucidating the
mechanism of the blinking phenomenon in nitride semiconductors. Therefore, optimal device design and
non-destructive crystal structure evaluation will be possible, and furthermore, high-performance optical devices will

be implemented in society.

ZAY BRI BT 5 IR S O R A MR 2R+ 5 2 & A HOR RO W CEEM M RA 52 5, 22Xy
B2 T A Ak S & MRS S S S AN AT REL 720 | B MERE AT A A S BE NSNS,
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Graduate school/Department | Graduate School of Nanobioscience,/Department of Life and Environmental System Science

P AFE R K 4 At VAT DRVET R AEmBREE L AT LRI
Program/Grade Doctoral Program 3 Name Hiroka Takeda
PRFR/ AR MEREHRE 34 K4 KM A

_ The role of the cell-cell interaction in the follicular growth and structure of the
Research Project Name

WFFERRES

mousc ovary

AR RAR AT B Lo~ AR A ER RS O fig B

Research Content/ffF 72N 2

In the mouse ovary, the follicle consists of an oocyte surrounded by granulosa cells (GCs). Although follicle
structure has been maintained until ovulation, changes in the follicle structure and intercellular junctions during
follicle growth are not clear. The oocyte and GCs are mainly connected by adherence junctions and gap junctions. In
this study, the role of gap junction during follicle growth was examined in follicle culture. In follicle culture, isolated
secondary follicles from immature mice grew and secondary and preantral follicles were observed on day 4, and
preantral and antral follicles were found on day 8. Gap junction blocker (CBX) treatments for 1 day from day 4 or
day 8 induced GC death around the oocyte in preantral follicles. CBX treatments for 2 days from day 4 or day 8
enlarged GC death around the oocyte in preantral follicles. In the mouse ovary, connexin 37, gap junction channels
component protein between an oocyte and GCs, was high in secondary follicles, while connexin 43, gap junction
channels component protein in GCs, was low in the secondary follicles but it was high in preantral and antral
follicles. Thus, it is suggested that the interaction between an oocyte and the first layer of GCs is necessary for

survival of GCs and a follicle.

vvxgﬂ%ﬁﬁ’j X, URRHMAE (Oo) SHERIFSHAL (GO) TR EN Mtz Lo THY, BRI RSIINE A
TS AVD, T BRI AR A S 2 AR LR DR U CHRINC B D8, O EHERHER I IR Ch 5, 18
H@W@%Hﬁ’j < gap junction (GJ) ZH > TV, ZILODMIBLREIE &AM S L /X E 2 R KT DR R 23 H ]
IND, ABFZEIL, &R B DRI 1T D G DEEIZT D2 e%x HE LTz, REE~D A D IR IE % Bk
LR T 5L, 4 H BIC RIERIERTAIRIER., 8 B BIZIXAifRkIE RS fuRIgEa s Blatsnsd, ZoER% Hn
T HIMEZEZ TGl #EL, 2O/, 4 HEEIT 8 HE2D 1 HERETSE 0o APFHD GC 3PP, IHIZH
91 ABRE T DEFERELPH ALK L7z, 00-GC D GI TéH% connexin 37 1T “IKIENLTHEINT 523, GC D GI TH
% connexin 43 [XRTFLRIEIDLLUE CHEINT 2, LLEDZEND, 00 IZHET 55— H D GC &£ 0o EOFAIER DN, il
D GC 2L NI AR D EAFIZME THDHEBZ 2 BIVD,

Possibility of social implementation/#1:4 S22 D Al HEM:

If the role of cell-cell interaction in the follicle development and follicle structure is revealed, this study could
contribute to the female infertility by improving the oocyte maturation and ovulation rate in the assisted reproductive

technology.

AWFFENC LI B AR EHERF IS 2 A DN T2 283 TENIE, ATHERR ISR 250 SRR SRR O X
FSLHEIIR O] L2 B U T, KD NERIRREICHEIRTHZENTEDHLE XD,
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Graduate school/Department Graduate School of Medical Life Science/Department of Medical Life Science

FTIE A FERt/ K 4 A EREITTER A ER R
Program/Grade Doctoral Program 2 Name Shunsuke Hoshina
ARFR /A MEREHRE 24 K4 REE 16

; Competitive regulation by O-GlcNAcylation and phosphorylation in
Research Project Name

WFFERRE S

Parkinson's disease
I—=F N AFIZEIT D O-GleNAc 1BV B WA D5 A B )

Research Content/#F 22N

Parkinson’s disease (PD) is a neurodegenerative disease characterized the a-Synuclein aggregation,
mitochondrial dysfunction, and DNA damage by oxidative stress (ROS). While protein aggregation has been
enhanced by phosphorylation and suppressed by O-GlcNAcylation, the relationship between PD pathologies and
these post-translational modifications has been unclear due to the difficulties in analyzing proteins that undergo
post-translational modifications. In this study, we focus on the quantitative difference of abnormal post-
translational modifications in PD compared with control cells to understand the mechanisms of PD pathologies.
We purchased control neural progenitor cells (WT-NPCs) and PD model NPCs carrying the LRRK2 G2019S
mutation. These cells were differentiated into dopaminergic neurons, and the PD pathologies, aggregated a-
Synuclein, ROS, and mitochondrial potential, have been evaluated. Quantitative proteomics and post-translational
modification proteomics have been implemented with data-independent acquisition mass spectrometry (DIA-MS).
In this analysis, the inactivation of one phosphorylation transferase, Ataxia-telangiectasia mutated (ATM), has
been suggested as a central factor in PD. Therefore, the proteome and PD pathologies were analyzed following the

addition of a specific ATM inhibitor into WT-cells.

R=F V5 (PD) X, BERAL o S XILA OFEFE, Iba R TR EIZ L DML A2 (ROS) DN
& DNA ?ﬁ%bxtﬁ*ﬁﬂfxw MEIR T D, PD TiL, BRIV kI n 2 B OEEEl, 721X O-GleNAc &
A O TTHEIZ LD EEEAL O 23 H S TOD 8, _ﬁ%ﬂuﬂﬁéﬂkﬁfw/z\&’é’m IR D ThRNZENS, PD R
RELDBIRITFEMA R Th D, 22T, PD BT VA=~ — VI 35 T D RIERBAE i & XV B O i) 7

FIZHEHL, PD REED AN = AL IR 522 AL LTz, POz ha— LR FilisiAe (WT-NPC) &,
WT-NPC {Z LRRK2 G2019S 2 #4385 A L7z PD E7 V&R I AEE AR AR~ LFEEL | PD JRHEDEE L
a - RIL AL ROS, b= RUT BN AR LT, ERA7R T 0T A7 ALY B b O O-GleNAe 7' 7 43
TANL, T 2B B E ESE (DIA-MS) 2=, 154, Ataxia—telangiectasia mutated (ATM) &™)
VLA EAT INEESE OTE PR T A PD JiRREZ 5 | &L 23 L AO7R R - CThHZ EAVRIBS -2 . ATM 5 B A972R0
EHZ WT MR~ TINL ., 707 4 —2550 PD JF e fi#tr L7,

Possibility of social implementation/t-4x 545D A REME

Phosphorylation and O-GIcNAcylation have been suggested to be related to various diseases, including PD. This
method will contribute to understanding the mechanisms and to discovering new drug delivery targets from post-

translational modifications.

O-GlcNAc KON EER{biE, PD 25 Tokk & 70 B E D BIMR NS S CWD, AWFEiEA S SEETHZ LT,
READ =X DO CHER B EM AR T LWARICEERTX AL E 2 HND,
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Graduate school/Department Graduate School of Medical Life Science / Department of Medical Life Science

FTIE A FERt/ K 4 A EREITIER  AMmERERK
Program/Grade Doctoral Program 3 Name Shoko Ohashi
ARFR /A MEREHRE 34 K4 K& 6+

Glycoform-based serum biomarker discovery for Neuroendocrine Tumors by
Research Project Name | proteomics and glycoproteomics

e A TOTAIIABLOT TAaT 0T A I A% TN S IS 36T DI IEHE -~
FRAAF~—T1— PR

Research Content/#F 22N

Neuroendocrine tumors (NETSs) are difficult to diagnose, and adequately sensitive and specific blood-based
biomarkers remain limited. No comprehensive serum glycoproteomics- or glycoform-based biomarker discovery
has been reported for NETs. In this study, we performed serum proteomic and glycoproteomic analyses on 20
healthy controls (HC) and 50 patients with NETs to identify biomarkers for NET detection. Principal component
analysis showed clearer separation of HC and NETSs at the glycoform than the proteomic level; therefore, subsequent
screening used glycoforms as primary targets. Using a volcano plot (p < 0.01, [log2FC| > 1), we extracted 404
glycoforms with increased levels in NET versus HC and screened them for association with clinical malignancy,
consistent increase across grades, and assay feasibility, narrowing the pool to four glycoforms. Receiver operating
characteristic analysis showed that AHSG N156 HexNAc(4)Hex(5)Fuc(1)NeuAc(2) exhibited the highest
discriminative performance (area under the curve = 0.90, sensitivity = 0.88, and specificity = 0.90). Furthermore, by
establishing an assay system using Lens culinaris agglutinin lectin and antibody to detect core-fucosylated AHSG in
NET tissue, we found that these glycopeptides are tumor-derived. Overall, comprehensive serum glycoproteomics
delineated the differences between the proteome and glycoproteome and indicated that fucosylated AHSG is a

promising biomarker for NET detection.

PR NS UARESSS (NET) 1XR2 Wi S EEL< | GRS SR B 2 LB Tl T I A A~ — I — 3R R L QD ARBFSE
T, a7 AV ABLOT /a7 a7 43I0 2% AW T # (HC) 20 A& NET 38 50 ADMiEEMATL, NET
DIFAEZWNCE AR S A F~— I — DR RE T T, TR OHT TR, 7oA77 a7 437 A (glycoform) DFF
FEDY HC & NET ORER 3B Z LOBIBRIZ R L2 2 &0, glycoform ZxtBREL THEAMITRR Z 7=, Volcano plot (24X
D NET THIINL7= 404 FEFED glycoform ZfhHIL | ZOMEIMEED D | BERAVENERE L O BENE | Grade FEMKAFME,
BLOT A ~DEERGVECE DN TRAIY == T EATO, 4 ERICEVIAA TS, ROC M OFE R, ZhHD9oh
AHSG N156 HexNAc(4)Hex(5)Fuc(1)NeuAc(2) 73 mDa&hlEREZ R UTC, EHIZ, a7 72 bz @i+ 25 LCA
LIF U NTET 74 =T 45R1ICED, 73t b AHSG 23 88 X ORISR RER O MG B AT e Thh Db Z &% fife
AL, JEZE K glycoform Th2 AfEMA /RLT-, LA ELY NET B MIF I3 27 T a7 a7 47 A i
Hrizkh, 7 a7 A7 AL OIFHMOFHIEZAGNNT T HEEHIT, 7 b AHSG 75 NET OfF{EZ B\ AF~—T1—
ELTHETHHIEE R L,

Possibility of social implementation/#-2x 545D A REME

The biomarker identified in this study has been evaluated for implementation using an established clinical detection
platform, and a related patent application is currently pending. We are in discussions with industry partners on a

collaborative study, and validation using a new cohort is planned, supporting its future clinical translation.

AIFCRIEU A~ —H—13, BEAER R COTEE MM 7C BIERF PP I T, BUE, Rl
JEIRF I sl C 4 B AT R I CIRAE 72 Tl FEROAL R FRA IS 1D,
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Graduate school/Department Graduate School of Medical Life Science/Department of Medical Life Science

BRI IERt/ B A4 AMERAIIER AMmER L
Program/Grade Doctoral Program 3 Name Takeshi Mukai
PRFR/ AR MEREHRE 34 K4 DTV

_ Clinical N-glycoproteomics for the exploration of diagnostic markers for
Research Project Name

WFFERRES

Pancreatic cancer
TIAa7 T A I A LD R IAED A S W~ — B — DB R

Research Content/ffF 72N 2

Pancreatic cancer (PC) is characterized by a poor prognosis, making early detection a critical challenge. Although
glycoproteomics is a powerful discovery tool, clinical translation requires defining the precise "structural entity"
underlying detected signals.

We established an integrated workflow combining comprehensive screening with structural analysis to capture
abnormal structures within the high-abundance serum fraction.

We identified the fibrinogen gamma chain glycopeptide (FGG-S1) as a PC reporter significantly elevated in
carly-stage (Stage I) and CA19-9-negative cases. Structural analysis revealed FGG-S1 originates from
tumor-specific, cross-linked high-molecular-weight oligomers, reflecting abnormal complexes that escape
degradation and persist in circulation.

In conclusion, by using specific glycans as a key, we pinpointed the "FGG oligomer" as the true target molecular
form. These findings establish a solid foundation for developing novel clinical assays contributing to the early

detection of intractable pancreatic cancer.

WA A (PC) X PHRABRERMEL ., BWIFR A0 CINE i T b, BEOTE AW/ I7(a7aT7 43
A3 R, RIS IR 7 A O #2525 HEERI IR OERD R A X TH D, T2 CTARIFFETIL,
M H SRS /R A I TS VT B RS (R 2l 5720 | MR R LS T e B Licy — /7
—Z RN LT,

FENT DFER, 747V 7y S R BERT TR (FGG-S1) 23, PC B HM72L AR—2— LU CRIESN =, FGG-S1 1%
AT = 1 & ETe B PC BLU CA19-9 BRHEFIZIBWTHEIC EHL, @mOkira AtEE s U, SOICEEIZ S
FRNTIZED 2O 7 F AT HZR D5 E MO 2L Tldre | MR B AO72 ARG oy 1 A V3~ — | WO REIE SRR
IZHRTDZENHLNEIR o7, BID | FGG-S1 X2 0 B H 72 SR DN e 04U TR L TV ZE & )AL T e,

fliame L A IHESH A T30 IHIE T REED S FEEN FGC AV~ — ThHI LA 2EX k), PC FH]
RN H 5T 28T 7B IR A O FAR AT LTz,

Possibility of social implementation/#1:4 5225 D A HEM:

This research enables the development of a new clinical blood test targeting "FGG oligomers." This allows for the
early detection of pancreatic cancer, even in Stage I or cases missed by current methods, directly improving survival

rates through routine screening.

AWFZEIE, TFGG AV~ — | 2R & T 2H LW MBI A DO BRFE A FIREIC L E 3, ZAUTED AT —V I RUERIET
RS TOTIEGNZ I 1T DI A D FIIFE RS I | Mz 2l Ui A F R o EICKRE<HEBRLET,
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Graduate school/Department Graduate School of Medicine/Doctoral Degree Program

P AFFERt/ 4 R IERt ERE R
Program/Grade Doctoral Program 2 Name So Ozaki
EETE=S MR 24 K4 Jd

Research Project Name | In-vivo two photon calcium imaging for brainstem ~The correlation with drinking~

T Ll T AR BB O AR

Research Content/Aff 72N 45

[ Background ] Two-photon imaging and Optogenetics enable real-time observation and manipulation of neuronal
activity in the living brain. In this study, we focus on the nucleus of the solitary tract (NTS) to link swallowing
behavior with neuronal dynamics.

[ Methods] GCaMP-expressing mice were used for in vivo two-photon calcium imaging following placement of a
dorsal brainstem cranial window.

[Results ] Swallowing was monitored using Fluoro tracer and digastric EMG. Optogenetic activation of NTS using
Channelrhodopsin induced swallowing reflexes, whereas inhibition with JAWS significantly reduced liquid-evoked
swallowing. Cre—flex connectivity system identified a functional swallowing circuit from the nodose ganglion to
NTS and subsequently to the nucleus ambiguus. Mechanical stimulation of the pharynx, esophagus, and stomach
revealed a topographic organization of gastrointestinal sensory inputs within the NTS. Two-photon calcium imaging
further demonstrated sequential propagation of neuronal activity from rostral to caudal NTS at the onset of

swallowing.

[AF527Y 5 VAR~ 2B 31T DRI IE B &) 7 L 2 A L CBIER T T AA— D07 IR IR
THEVOEESLHH ZATOA T I =X T 4 7 A B A0 T D, FATFHIME IR EZ I B L~y AOHE T
) AR TG B 2 [ S, AR N S OV BR S O iR e iR 3~ 2 4 A IEE L T,

[ 55 E 07 1E]1GCaMP &G B~ A% W TERNEI N T DA A= T 547D, 7NNV~ X FEAYIBRUAL BRI
NI T 2% RE, BRI PR AR E L. 1 oC ClIme TRIEDIRIEE 54179,

[ SR LI RS SR 1 ' E Alexa Fluoro & 3H 8 RH O & X% VT F#1£2417\ ), Channelrhodopsin &% 6%
HOWTHINEBEA~DOA T N = 37 4 7 AR L OB T S 2 N THNZE &I LIz, — T, JAWS LRt
S A= T CIIRARITRIZ 351 Dk T IS 03 B 3585 5 L7257, cre-flex Z MV T input - output @
PR AR AE 5 IR T [RAIAR D5 D3 F5 41, nodose ganglion—INHEL — BEkZ DM MR [EIE AL D F &
AEF LTz, 7B HEE A~ O R ARHITIZ LOME T 23555 R S DMRIT . IVAAEZ BRI D B AR~ E A A TE B 2398 e L Tu
TIE T AA—D U TIZIVBIETHIENTE B T~ RAZHB W CTHOHUKRRZ RROTEBN 2 7 /L2 A LT
AETAZENTETZ,

Possibility of social implementation/f1:4 S23E 0 Al HE:

As we have also successfully achieved in imaging of dorsal motor nucleus of vagus (DMV), efferent control of
subdiaphragmatic gastrointestinal motility, we aim to integrate it with post-swallow behaviors. We seek to elucidate
the dynamic properties within and surrounding NTS on swallowing, ultimately contributing to a better understanding

and treatment of centrally mediated dysphagia.

REFRIE N IHALE O DR EENC B> TV DS 5, DMV GREMIR I EERNEZ) O A KMl Dt A A= 7
(ZHRIILTT20 | W T LA OTEAEATEN SRS O CROIR A 2Rt | IUREE N AN IS 1T DB R PE L T I )
(252 DR RIIL  "PARIRIE FH SR O T R E O BRI ORI TOE TN EB X TS,
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Graduate school/Department Graduate School of Medicine/Doctoral Degree Program

BRI IERL B4 EEEATIER ERM R
Program/Grade Doctoral Program 4 Name Juri Ichikawa
AR/ T e 44 K4 il BRER

) Towards establishing new therapeutics targeting tumor-associated macrophages
Research Project Name

FLRRES

in pancreatic cancer
N |2 301 D MG B~ 7 1 7 7 — DA AR & LT BT B RS LI AN 7o SRR 2

Research Content/#F 72N 45

Tumor-associated macrophages (TAMs) exhibit potent immunosuppressive functions, and their accumulation in
pancreatic ductal adenocarcinoma (PDAC) is associated with poor patient prognosis. Macrophages acquire specific
phenotypes in response to signals from their surrounding environment, which is mediated by the activation of distinct
transcription factors. We aimed to identify key transcription factors that drive the immunosuppressive phenotype of
TAMs. Through gene expression profiling of TAMs from both pancreatic cancer patients and mouse models, we
identified transcription factor X as a central regulator of the immunosuppressive TAM program. Myeloid-specific
conditional knockout of X significantly suppressed tumor growth and prolonged survival in tumor-bearing mice. Loss
of X reprogrammed TAMs toward an immune-active state, accomplished by enhanced activation of tumor-infiltrating
CD8" T cells. Consistently, co-culture experiments demonstrated TAMs lacking X more efficiently activate CD8" T
cells than control TAMs. Moreover, immunohistochemical analysis of human PDAC tissues revealed that high
expression of factor X in TAMs was significantly associated with poor clinical outcome. Together, these findings
establish transcription factor X as a critical determinant of TAM-mediated immunosuppression and tumor progression,

highlighting X as a potential therapeutic target to enhance tumor immunity in pancreatic cancer.

TRl O NS B~ 7 7 77— 7 (TAM) (35 Ml R 2 LT | ISR RIS TAM 23 <AFLET DN
BRI TEARTHD, v /a7 77— I3 E HBREL DO RIS A L TR BRI ER G K 7 0MEBN L, A2
T T D, Fox TR TAM OPEEZBUEL CWSERGR 7 FE L, TAM IZX D e s A i 22
LR EMEL, Fox lTebB IO~ T ZAD BENERE SRR TAM (R AR BT 25K 1 X Z[FE LT, 5K 1
X KA (X-cKO) #H~ 7 ATl B R OIH &R AEFFRO I, MR OfEFE. X-cKO <7 AD
TAM 1FSRBETEPE LRI~ EZE L | BRI CD8 T Ml ZEME(LL Tz, 22T X-cKO w7 AD TAM M HEH
CD8' T AR ZTEVE L T 5 A M L 72 5 . TAM LUl H >k CD8' T MO IR A T o722 2A, X-cKO v AD
TAM 3538 L 72 CD8' T MM IBAZE RIS b AR LT, 61T, MRk O /e R A L0 | TAM 128617 HHRF:
KT X OFBPRENEEIL TR AR THLIENHLNE e o7, LLELD, 55 K1 X TAM &0 Ui e il S fE
TEEAT O B2 E R 1 ChY | TR 23 1T DI E R 7RIR IR L7 D T REVE DSV RIE S LT,

Possibility of social implementation/t-4x 545D A REME

Our findings suggest that transcription factor X represents a promising therapeutic target for pancreatic cancer. This
study provides a molecular foundation for developing drugs targeting transcription factor X and its downstream gene

products.

ez DRE LTCHR B R - X3k, W |\ 2 6\ D8 7B AR L7220 155, AWFJEIE, I 5T X BLOZ DOIER
BAR T PEEM AT E LT IR EBR R DT D43 T BB AEF S DL D TH D,
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Research Project Name | Synthesis and Fluorescent Properties of Plant-Seed-Induced Carbon Dots
W FERRE A R RI) — R 8- Ry ORI LA R

Research Content/#lF 72N 45

Carbon dots (CDs) are fluorescent carbon nanoparticles that have gained significant attention for their stable
photoluminescence and advantages over conventional heavy-metal-based inorganic semiconductor quantum dots,
such as environmental friendliness and nontoxicity. In particular, natural CDs (N-CDs) have been widely studied
due to the abundance and low cost of carbon sources. N-CDs can be produced through pyrolysis, a simple, solvent-
free, and cost-effective method suitable for large-scale production. However, there is limited research on the optimal
pyrolysis conditions for synthesizing N-CDs with fluorescent properties. Understanding how synthesis conditions
impact the optical and structural characteristics is important for improving the fluorescence properties of N- CDs. In
this study, we optimized the synthesis conditions of plant-seed-derived CDs by varying the pyrolysis temperature
and evaluated their structural and optical properties. As a result, higher pyrolysis temperatures enhanced the carbon
core's crystallinity, leading to a quantum yield increase to approximately 30%, comparable to CDs synthesized using
conventional methods. Our study offers valuable insights into the synthesis of N-CDs with high QY.

The results of this study are reported in Inoue et al., J. Mater. Chem., 13, 22832-22840 (2025).

T—AR BT RN CDs) 1%, ®IHED—AR T 7R ThY | BREEBAMECIREE SO ST R T RO ES R R
B Ry MIUOLMEIE L TR ERE H 2D TD, FRIC, RRWH KA —A L B 7Ry MN-CDs)id, TR
B TRIANTHLIEND, KN HED S TS, N-CDs 13, BV RIELIFEND ., JFBHZBERR - (RALS BT
% WA O CREELIC CQDs 272 FiE TIERT 2283 C&E D, ZOFET, RaANTREAFEIZ AV TR
D, TEIZBO TR IRBHDET, LA L, N-CDs [ L—MRITF NN (E DRI, EAIZITEE OB T
&%, F1o, N-CDs DIERSA L3R EL O BIRIZH 3 ITH BN Ao TRH T, FIEHEIEM ED7=dIZiXE D
BRI B CTh D, £ CARMIIE T, MEEHIEIC L DR ED ) LA =X LD A B L 85801 i
TS T CHEM OFE 1~ H 3k CDs OIERIE SO RFE DR Z 4T -7, fEREL T, B IRIRIESE LiF5E, 1—R
AT OFEERMEREED B FICELK 3 512 LTS, bz KEFIEROK) 30%E VD EIX N-CDs Dby 77
—HZIEHY D, ABFZEIL, BV EFILEREZ A 5 N-CDs DAL T, AR RE2RIET 200 Ths, £
7o AHBFSEIL, Inoue et al., J. Mater. Chem., 13, 22832-22840 (2025) [Z48#iS L C5,

Possibility of social implementation/t- 4> %350 rlgEME

The emission materials for LED display can be replaced with CDs, which offer superior luminous performance,

low cost, safety, and low power consumption.

LED 74 AT L ADT=O DF M B | LN FREIEREZ R D AR= Ab, L2 L TIRIEEE /)72 CDs ITEE
MRONDHZENTED,
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Mechanism of MMP-7 and/or membrane-type serine proteases-promoted cancer
Research Project Name | metastasis via their inductions of cancer cell aggregation

e RR a4 MMP-7 LR 7077 — B NHE T HMIIAEEEE DN SAEBREZ MR DA =X
NOJ A

Research Content/ffF 72N 2

Cancer metastasis is established when cancer cells that have destroyed surrounding tissues and entered the blood
migrate into the bloodstream and invade other organs. In fact, the proteolytic enzyme MMP-7 is highly expressed in
malignant colorectal cancer tissues, and our laboratory has reported a new metastasis mechanism by which MMP-7
cleaves the membrane-type protein HAI-1, resulting in cell aggregation and enhanced metastasis potential. HAI-1 is
targeted to membrane-type serine protease. They also demonstrated the necessity of membrane-type serine protease
activity in cell aggregation, since knockout of its gene significantly delayed cell aggregation. However, the
intracellular site of membrane-type serine protease’s activation and the mechanism leading to aggregation are
unknown, so we focused on the weakly acidic environment of endosomes as the intracellular site of activation.
Endosomes are intracellular vesicles in the pathway that take up molecules from outside the cell or on the cell
membrane. In fact, the affinity of HAI-1 for membrane-type serine proteases in weakly acidic environment was
significantly reduced. Next, as a mechanism leading to cell aggregation, we observed the subcellular localization of
Claudin-7, a component protein of the known intercellular adhesion mechanism tight junctions (TJs). During cell
aggregation, it moved from the plasma membrane into the intracellular vesicles, suggesting that Claudin-7 may repair

TJs to form cell aggregation.

NABERBIE, B RO AR R AR L TR A>T D3 AUMBEDS | ML 3> TR Eh AR Olifis | 22 L CheN 32,
FEZHMED RIGAS AR, TILs o 7B o5 iRl #E MMP-7 28 583 L CTRY ., M AFZEE Tt MMP-7 2SI B4
UG HAI-1 28358 MR EEE LIS RE TR T D A = X 8 & LT\ D, 72, HAI-1 OFERY Th D5
T mT T — BRI TRy TN HEMMBAEEE D E LGRIE LT 2 80 MR BRI B T DR e T e T T
—BIEMEOMLEMEL R U, LU, ZOTEMEEA R AHIBANENL , BEEIZ D AN = A NI THHS, IHHEL
W ZHHIRINERNLE L T R — LD G BRI 8 A LTz, =0 Y — Ao s b ooy F4 Hidte
TR FEZ 3T DAMIL N/ N ZHE 7, ERRICTIRRIER S B 22 7 a7 7 — B E HAI-1 OB E LR L
Teo WITHRREEERIZ D AN = A LU T, BRI O MBS AN v 72 al (T]) O Z 7378 Claudin-T
DOMBANJSTEE LT D&, BEERHTHMIAE DRI N IZE B L QU =2 &5, Claudin=7 23 TJ ZE18 Ll faksE
IS ATREME D DD,

Possibility of social implementation/ft-4x 3245 AT FEM:

This study aims to contribute to the development of anti-cancer drugs targeting membrane-type serine proteases
with fewer side effects. This could be a new therapeutic strategy that can inhibit cancer metastasis, the biggest factor

in the severity and refractoriness of cancer.

AWFZEIE, B RY T 0T T — B aetR N E LI RIE ROV IR AR DOBISE ICHE BT 2282 B RIEL TERY, 23
ADEFEAL  HHRL O B RO ER TH DD AR 2 TEDH LRI L7220 155,
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Graduate school/Department | Graduate School of Nanobioscience/Department of Life and Environmental System Science

BT R IE R R 4 At T ) AT DRERRIERE A BR BT S AT AR R
Program/Grade Doctoral Program 3 Name Miharu Sakai
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Elucidation of the mechanism of bacterial biotransformation of high molecular weight

Research Project Name | petroleum hydrocarbons for new petroleum energy resource utilization methods

WFFERRE L LA L — G PR VA D B M 7o 4y A R oy O A 1A
B A D it B

Research Content/#F 22N

Driven by the growing global demand for energy and concerns over the depletion of petroleum resources,
extensive efforts are being made worldwide to develop and utilize unconventional petroleum resources that have not
been exploited previously. Heavy oil is estimated to have reserves more than seven times greater than those of
conventional petroleum however, it contains high concentrations of asphaltene components with extremely high
viscosity, making it largely unusable with conventional extraction, transportation, and processing methods. To
reduce the viscosity of heavy oil and improve its usability, the development of upgrading technologies based on the
depolymerization of chain alkylated polycyclic aromatic hydrocarbons (CA-PAHs), which are abundantly present in
the asphaltene fraction, is required. In particular, microbial depolymerization of CA-PAHs has attracted attention as
a low-cost and environmentally friendly upgrading strategy. However, the molecular transformation mechanisms of
CA-PAHs by microorganisms remain largely unexplored, and practical applications have yet to be realized.
Microbial transformation of CA-PAHs is presumed to require the cooperative action of multiple microbial species
responsible for distinct processes, including alkyl-chain cleavage and aromatic-ring cleavage. Therefore, in this
study, we aim to elucidate the cooperative molecular transformation mechanisms of CA-PAHs by different bacterial
species through chemical analysis of microbial transformation products and genomic analyses of the alkane-
degrading bacterium Pseudomonas aeruginosa strain KK6 and the aromatic-ring—degrading bacterium Sphingobium
barthaii strain KK22, both of which were isolated from a petroleum-degrading soil bacterial community.

AR RNF —FEORmEVEAMEROVEOIRE D, ZHE TR SN TIAh o TR R A A & I
ZBA%E R T2 ES R P TRR S TS, EHEIEZ OMRESEREA MO 750, EEEZ BN TS
D3 HD CTHREE DRNT AT 7 )V T 2 i % R B CE 172018, fER DB - ik « AL BRI VE CIIFAEFIH C& 72
W, ZZT, HEMOMELZ K TS, ZOFAMEEDLD T AT 7 VT VBN S EICE ENL8RT 1F L
L2875 R ALK (Chain Alkylated Polycyclic Aromatic Hydrocarbons, CA-PAHs) D57 {2 LA H B ik
B EATOBFARKD B TND, R, A AR LTZ CA-PAHS DA FALDMET AN IR BT AR O Y E T
EELTHE RSN TWDD, AEMIZED CA-PAHs Oy F AW I SRS TR LT EFIZE-TUVRLY,
CA-PAHs DM AT VSO YIS KO HER OB KD A 1SR A H O B D AE TR LD i 72
BEPMELZLESND, T TANIZETIL, AHAES MR T E R D BES V2 7 v T 3 fRAR B
Pseudomonas aeruginosa KK6 #£35 L O FH B3 AN Sphingobium barthaii KK22 FRIZ%H DM HAEY) D
ABZ25 T &7 DRATIZ I | SRR |2 &2 A R978 CA-PAHS 73 128 ARk s O fiF A H F5 37,

Possibility of social implementation/#-2x 545D A REME

This study has the potential to promote the practical application of low-cost, environmentally friendly heavy oil
upgrading technologies by elucidating the bacterial mechanisms responsible for the degradation of CA-PAHs,
thereby contributing to the effective utilization of unconventional petroleum resources and the stabilization of

energy supply.

AAFFEIE, ME LD CA-PAHs DRy TAUBERE A RN 352 & C R AN ARERBE A M 22 B M S E Hflr D 52
T ZAREL | FEE SRR A S IR O A R o= p L X — A O 22 EAIC B B2 AT REME N B D,
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_ Mechanism of formation of ectopic B cell follicles that induce thymoma
Research Project Name

WFFERRES

associated myasthenia gravis
J1 PR P L A ) RE A T 92 SR ETE B AR D TR AT =K

Research Content/ffF 72N 2

The thymus selects T cells recognizing foreign antigens while eliminating autoreactive T cells through thymic
epithelial cells (TECs) presenting self-antigens. Abnormalities in TECs cause defective elimination of autoreactive T
cells, leading to autoimmune diseases. Thymoma, characterized by TEC dysfunction, frequently develops myasthenia
gravis (MG), termed thymoma associated myasthenia gravis (MGT). MGT patients exhibit ectopic B cell follicles in
the thymus, normally absent in healthy thymus. The frequency of these follicles positively correlates with serum
autoantibody levels responsible for MG, suggesting a close relationship between ectopic B cell follicle formation and
MGT pathogenesis. However, the underlying mechanisms remain unclear. I aim to elucidate the mechanism of
ectopic B cell follicle formation. Through gene expression analysis comparing human tumor and normal TECs, I
identified alterations in tumor TECs. By partially mimicking these changes in mouse TECs, I generated a novel
mouse model developing ectopic B cell follicles. Using this model, I am investigating how these follicles form in the
thymus. In the future, I plan to investigate how B cells accumulate in the thymus using comprehensive gene

expression analysis of the mice.

R IT B 23852 T HIRRO A2 RINL, B CURENE T M Z PEbR 9 DH6E2 R, ZOMAREIT, MR 1R fifa
(TECs) 25 H CHURE T HIRICH R D2 THRYVALD, LIZ2v-> T, TECs DR F 1L, H AN T O PR %6
RENTL, FERELTH O RRE R T, 20 TECs BFICLDEBICHIRIEA DD, Mo I | T 75 5 %
BFFRE 2 (MGT) Fi & F£5o, MGT & DRIRIL, @A ELZRV B MIIEIANTZ AT 5, €O R & B 7
THEDJHR T2 H CHURD MIEREIXEOMHBEFD, JoT, Bk B MIRIEIAOE RS MGT OfEREIZIT 2
RBIENRHLHEE 2 DD, Ll BT B AR O I AN = X NI R TH D, £ZC, FAE, FFTE B MlALE
R RR AT =KX LOfEI B 54, FAIE, EMRIKOIES; TECs S1E% TECs D& FHLAATSIER TECs T2
DG T IBEBZ I R LT, FDE{bE~TAD TECs T—EBHML . BT B MlaISIaz o+ 5~ 2% 812
VERR LTz, 2D~ A% FIVWT, ST B AL E DI T 2ODMRNT 54T > TD, 5% 1%, MfEN72=E
THRBUFHTICEORIRN TE D IHZL T B HIREDERE T 2O TV T ETHD,

Possibility of social implementation/#1:4 5225 D A HEM:

The pathogenesis of MGT and the basic treatment remain unknown. This study focuses on the formation of B-cell

follicles that induce MGT and may provide a new perspective for establishing new treatment methods.

TV IRETHD MGT [ FFIERAE-CARAR R G IIEL AR FETH D, AWFFEIE, MTG DIRREICEES B MilluiE
RADOTEHUZHE B L TR B 2Bt OB R a2 L5,
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ARFR /A MEREHRE 24 K4 EE B

; In silico design of peptide foldamers targeting protein-protein interactions with
Research Project Name

WFFERRE S

enhanced membrane permeability
AR EOZS A 2 Ao - U Tz RIS HI Y PPL BLEF~T"FRD in silico 7 A

Research Content/#F 22N

Intracellular protein—protein interactions (PPIs) play critical roles in a wide range of biological processes, and
aberrant PPIs are implicated in the development and progression of many cancers. We have developed peptide-based
inhibitors targeting cancer-related intracellular proteins. Furthermore, by applying computational approaches for
sequence optimization, we successfully enhanced the inhibitory activity of these peptides toward their target proteins.
Since the peptide-based inhibitors developed did not have sufficient cell membrane permeability by themselves, they
were conjugated with cell-penetrating peptides (CPPs) to enable their intracellular functions. Nevertheless,
conventional CPP conjugation strategies present several challenges. In particular, because CPPs are attached after the
prediction and optimization of target-binding affinity, it is necessary to re-evaluate the binding capability of the peptide
after conjugation. In addition, the increase in molecular weight resulting from CPP attachment imposes further
limitations from a drug discovery perspective.

For the above reasons, in this study, we targeted intracellular PPIs involved in cancer and aimed to efficiently develop
peptide-based inhibitors using peptides with cell membrane permeability as templates. In this presentation, I will

present the peptide design methodology and findings to date.

RN D& S ERIFEBEAER (PPD) 1 X< DEMBIGUIIB W THEREF Ao TR, BE 72 PPL (THk 2 720
PNZB ST 5, MAFFEEE TlE, DBABTEOMIBANZ B AFEE LTz PP BRETFREFAFREL ., SOICFHHR Fik
R LB S e b a R 22 TR F RO EIEMEAIC I LTz, — 7 THIFELT PPl PREHEA T TR, K
Tl it 2 m S MfEOE e~ F R (CPP) OEFENME Tho7, — 7, CPP 5% TR
AR HRHI T 20N H D SUSNZ, 43 T BEORICHE AR EOFIKIL IR EL CGRETH -T2,

RO FAEBE X ARBFIE TIINACEE 59 5HIfaN PPl 24200, MilaEErtz a4 257 FRKe7 7L
—heLTHWAHZET, PPl [HESTFREDRANCHIE T2 B LU, KRR TIIRTFROT A FiE
RZNETIHB A RIZHONWTHE T 5,

Possibility of social implementation/t- 4> %350 rlgEME

The technology developed in this study can be applied to peptide-based inhibitors targeting various intracellular
proteins. Furthermore, the computational methods can be used to comprehensively search for amino acid sequences

and modifications that have been previously missed by humans.

ARWFFETRAE T D BN IR 2 Zafiiie N D &2 T EEARERIELTZ PP ILEHE ST FRICUISHATEETH D, ShIC, &t
BPEEEZRMT22ETAMBZNETRIEBL T 7 BB E A R IR B TED,
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Program/Grade Doctoral Program 3™ Name Hangiao Xu
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Research Project Name | Development of PROTAC with photodegradable linkers
W FERREE A SHERRITRIC LD Rt RE(E L7 PROTAC D%

Research Content/#F 22N

Proteolysis-targeting chimeras (PROTAC) are bifunctional molecules that bind both an E3 ubiquitin ligase and a
target protein, thereby inducing selective degradation of the target protein via the ubiquitin—proteasome system.
However, conventional PROTAC lack the ability to terminate degradation activity at an arbitrary time point, which
raises concerns regarding excessive degradation and off-target effects.

In this study, photocleavable PROTAC incorporating a nitrobenzyl group as a light-cleavable linker were designed
and synthesized to target BET family proteins (BRD2, BRD3, and BRD4). Molecular docking analyses using MOE
demonstrated that the photocleavable moiety was positioned in a region that does not interfere with ternary complex
formation. The synthesized PROTAC exhibited degradation activity against BET proteins in cells and were cleaved
and inactivated upon irradiation with 365 nm light in 10 minutes. Furthermore, analysis of BET protein recovery
after termination of degradation revealed clear differences in recovery kinetics among BET family members. The

photocleavable PROTAC developed in this study allow light-controlled, real-time regulation of protein degradation.

LRI E R AI PROTAC 1, E3 28X F U UH — BRI Z L _TEITREG T 50 1T ThY, 28X F 7o
TT = BV AT DI U TR Z T E D53 R 8T DTS VT 1 T d, — T 1ERD PROTAC 1357
TEPEAEB DAAI 7 THEIE TS BRI oA 7 & — 7y MR DSIREE 2> TD,

AAFFETIL, SERREHC LB = X DV 2D o 1 — AL E AL 7 B PROTAC % 8% it A ik
L.BET 773U —%> /378 (BRD2/3/4) ZHEH) L LT=, MOE \ZX AR U TR, =ha U DV T = F A
IR AR B L7V ML B AL E S COD ZED VRSN, A LT2 PROTAC IZAMAZN T BET 227 7B D /3 fiflk
PEZ R L, 365 nm O ID 10 43 LA Bl RIEME LSz, SDIT, IS 1E1% 0 BET #2037 B o [alfE %
B BER L 7RG B, 7 7Y — M ClEE I B B e 22 035 DT, ARWFZECRIZ L= e8! PROTAC (X, YT
ORIEME A BRI O AT CEDZET, WERIE TIIAR BRI S T2 U T VA A LD X L 7 S5 RN P REE 7o T,

Possibility of social implementation/t- 4> %350 rlgEME

The photocleavable PROTAC developed in this study enable control of protein degradation activity using external
stimuli, and are therefore expected to be applied as diagnostic and research tools for disease-related protein

functions.

ARWFFETHIZELITEUIErARL PROTAC 13, #o /B Sy s A SN R I C Lo THIBI T2 5 285 SR B A
B DOREREZ AT DR — v~ DI S D,
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Research Project Name | Bayesian Screening Design for Phase II Oncology Trials
W TR DAEE TARERIRERR T AN T AR T 7 o —F DR

Research Content/ffF 72N 25

Phase II cancer clinical trials serve as a foundation for the development of pivotal phase III trials by screening new
drugs for antitumor activity, exploring new combinations of therapies, and testing new treatment schedules. With
recent advances in drug development, such as molecularly targeted therapies, randomised Phase II trials have
garnered increasing attention. Among these, the Sargent and Goldberg (SG) design is occasionally utilized in
oncology. The SG design provides a unique decision-making framework, allowing for the selection of a treatment
even when there is uncertainty in the effect shown on the primary endpoint. When the drug cannot be selected based
on the primary endpoint, the decision will be made using secondary factors such as toxicity, cost, ease of
administration, and quality of life (QOL), which are also recommended as potential considerations in the guidelines.
In some cases, a treatment with a slightly lower response rate may be preferred over one with a higher response rate
due to these other factors. This design reflects the clinical reality that the success probability of a treatment is only
one of many considerations when recommending a treatment for a particular patient. Additionally, there is growing
interest in innovative trial designs for drug development. When sufficient prior information is available, applying
Bayesian methods can lead to more efficient trial execution. This study proposes an SG-based Bayesian approach for
trial design and sample size determination, evaluates its performance, and demonstrates its utility through real data

analysis.

P AUEE T AHERIR SR IX, PSRRI O W TOFIED AT — =0 70 IRIFRIEOH LWA G DR FiLWATY
22—V HHZ LA mU T, 5 M AHRRBRO G BB A RT3, 4, 0 FARRIIR IR 2L OFEFIBIFEIZLD,
T MU T ARRER D E H S TRY, 2O THAAMEIRIZB W TUIZUIZHWWSILS, Sargent and Goldberg
Design (LAF, SG 7T HANITEH LTz, SG 7 A 1T, FEFHIE B IZBWTHIR T 2I13E D 2D RIAD 720G H T
b, HARTAL THERESNDRIR AR ELR] (B, 2 AN, HOLRLT S, FIEOERE) 2B EL TRAREIM T
LT AL ThDH, FEIZEo TR MO ERZEEEZ | ] ZIXZENEIE D0PRNERE D m U OIBRIR K0 s S bs
ENDD, ZDOT AL FENEIEDIRFE D BE I THER T DIRE A E T DBRO B EFHIHD—DITmE /2N SV i
IRBLG 2 SO L TG, SHITHTAE TR ESE L BRI IR U CH R 7 A o1& ICB.L Ym0 T, FRT
TP RIAENDG G SAREZ T T 5L TRERRRBRE D W CEL712A0, AFFETIZ, ~AX
7 7 a—FIZED SG T YA LIEFIEERFHELIRRE L, EOMREETHN T 2, £/, T — At z@C CiRET
A DFMMEZTRT,

Possibility of social implementation/t:-£ 3240 I RENE

This design actively incorporates useful prior information, aiming to reduce the required sample size and improve

the efficiency and speed of clinical trials.

ABFFET AT A R FRHERE BRI AND ZEZ LY | ERE B MRS AR FER D 2h R4k - i1
AL TE D,
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_ Proposing a novel test and performance evaluation for 3-arm non-inferiority
Research Project Name

WFFERRES

Trials.
3 BEFEL BRI RIT BT 70 B F1E DO LM REFEA

Research Content/ffF 72N 2

Non-inferiority trials are used to evaluate novel therapies, developed in terms of invasiveness and cost, and the gold
standard is a 3-arm trial including a placebo group. Hida and Tango (2011), one of the various methods that have
been proposed in recent years, set up a framework test hypothesis that simultaneously shows non-inferiority of the
novel treatment group to the standard treatment group and superiority of the standard treatment group to the placebo
group. However, the use of the proposed methods for 3-arm non-inferiority trials in actual clinical trials is not
common, and there is concern that the novel treatment may be judged useful even when it is not useful in a given
clinical trial. To bridge the gap between statistical theory and actual clinical trials, this study focuses on Hida and
Tango (2011) and sets the following research topics:

1. application of Hida and Tango (2011) to actual clinical trials and performance evaluation by comparison with
conventional methods

2. proposal of statistical methods for ordinal variable outcomes

Research topic 1 summarizes the differences between the test hypotheses of Hida and Tango (2011) and actual
clinical trials and the statistical methods proposed for 3-arm non-inferiority trials, and examines the conditions
necessary for efficient trial design based on numerical simulations under various scenarios. Research topic 2 proposes
a statistical method based on an evaluation index used for ordinal variable outcomes in actual clinical trials.

FEL MR RIEMESCE H O E DRSNS HIGEO T H WS, 20T — VRRAZ L Z — NI 7 78R
e 3B THD, ILFR RSN TODERA EH FIED VD THS Hida and Tango (2011) TIIHTBLGHEAED
FEHEIR RS9 DI M AR METRIRBE D 7" 7 B AN e DB 2 R RFL R F st A O RE IR EHA SL T
Do LinL, FEERDOEGIRFRER T 3 BEIELPERBRI T L CRESNIZM G FEOME HIZ— A Tiied | HHEFKRAER T
VTG R I TROWEEICTH A THLL SN DR ED D5, HiatBlims EEROMIRABR DX vy 7 2 ffiH
AT DICARMIZE Tl Hida and Tango QO1IDIZIEB L., IROMFIET—~H R ET D,

1. Hida and Tango (2011)DZ2ERDEGIKFRER~ DS H EHER1EL D HRIZ LD HERERE A

2. WEFFEZBOT TN LR DR FIEO#RSE

WF5E7—~ 113 Hida and Tango (2011)& FEERD ERIARFRER DR EAGROENR 3 FEIELMEABRIT R L TIRES VM
FHREORRREREEL, i x 2 T UL TOBIEY b — T al DOl 3R 72 i Bk Gl L B2 S 2 5, iF
78T —~ 2 IXEEOBIRFRIZIB W TNEFEE D T M1 MK U THWSARHIFEIR I DWW G FIEL TR R
LR

Possibility of social implementation/#1:4 5225 D A HEM:

The goal is to plan efficient clinical trials based on the results of research topics 1 and 2. Efficient clinical trials will
lead to cost reductions and benefits to participating patients, and will contribute to the industry, especially regarding

drug development, including academia.

WHIET—~ 1 & 2 DRCRDO=RNZREFARBROFH iz 153, DRAZRERRBRIIAAROHIBR 2SN 58
B Sh DAY NIRRT 77 3 Lo R AL BRI T 2 R~ O E B WS 5,
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Research Project Name | Role of MED26 in transcriptional regulation by Mediator complex
WFFCR 4 AT T2 — A RO EHIEN 3135 MED26 OH AR

Research Content/AfF 72N 45

Genetic information encoded in genomic DNA in the cell nucleus is transcribed from DNA to RNA by RNA
polymerase II (Pol II). The Mediator complex is a large complex which plays an important role in transcription
regulation. It controls gene expression by bridging promoters (transcription start sites) and enhancers (distal
regulatory elements). The Mediator complex harbors a submodule named the kinase module, which has been
suggested to associate with the Mediator complex in a mutually exclusive manner with the MED26 subunit and RNA
polymerase II. However, it remains unclear how the switching of Mediator complex between kinase module—bound
state and MED26/Pol II-bound state contributes to genome-wide transcriptional regulation. In this study, we
generated cell lines enabling rapid knockdown of MED26 or the kinase module, and showed that (1) MED26 itself
functions as a switch for Pol II binding to the Mediator complex. Furthermore, (2) using ChIP-seq and RNA-seq
analyses, we revealed that MED26 and the kinase module are recruited in a gene-specific manner and exert distinct

effects on transcriptional output, indicating diversity in Mediator-dependent regulation.

HERREZNIZAFAE T 577 ) 2 DNA O #IT, RNA RY 27— [1(Pol 1) IZ&>T DNA 735 RNA ~ERE XN,
BRI B HIEE AR ChHIAT 1= — 2 — AL, BETFHREAOER THI 7 mE—4—& BEPFHIEE THD
TN —EEEL T AHZE TIREAFUE ICHIEIL T D, AT 4 =— 2 —EH A RIZITF T — 'V 2 — LTINS
YT 2= AP ET L0, T T —BEV 22— /WIAT 1 =—Z—EERD MED26 7 =y S LU Pol 1l LA A.
P AT 4 = — 2 — B ERITHE R THIEDRBIINTCND, LU, ZOJIH7eF F—EEVa—Lk
MED26/Pol Il DFEGIRIEDGIVEEZ 3, &7/ DU ARZZERGHIEIZ I TE D IO HERE A FEHEL COD DM HE
72 o TR, ARBFFETIE, MED26 £7213% F—B Y 2— L DR /o 7 2 A REZR i 2 ERLL . OMED26
HAKMN Pol Il EAT 4= — X —EIRDOFERDAA T ThHhHZELALNE LT, BT, @ChIP-seq 31T RNA-seq fi#
HrZED  BIE 72212 MED26 BLUOFF —FET 2 — DU 7L —MERRCF LD I S ~D BN R/ AT LN
GG AT 42— — LA T RIS DI X 2R N ==L a U DM ET DD RS LT,

Possibility of social implementation/t:-£ 3240 I RENE

The disruption of gene expression regulation by Pol II results in the development of various diseases including
cancer and neurodegenerative diseases. This study is expected to elucidate disease mechanisms and create novel

therapeutics.

Pol 1 LB AT FEER DO HIEBAS ORGE T, SEISIEIR B S IR 72 & DR 2 IR BRIED K L7258
DHDIVTEY | ARBFFEIIAR % T2 IR BIEIEAT =X DO RSB BRI OB FE IR D LB TE 5,
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