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HHTHERERVFLZEERIELTND,

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. This study makes a significant academic contribution by revealing the decision—making
mechanisms in human capital investment and by focusing on pre—birth gender preferences, a factor
that has been insufficiently explored in previous research.

Methodologically, 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.

[ 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.

[tt&EIEDFEEM: . Possibility of social implementation]
BLMESKEIZBN T, AWBERKREK EITEERT —~Thd, TOIO NHVEAREE DU EERZ 57
WdHZLT YV H =Ky T HO—B b2 L3 it S D,

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.
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Dt R N-CDs DGR REIT B IR L I R EIKAF T DI LAVREN T,

AWFFEOREFIL, KRR TY, (EREUEO LD T, (R ORIEH KB —R &Ry MIHILET HH0
FENROND ATREMEN D LA R T 56D Th b,

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 have been widely studied due to the abundance and low cost of carbon sources.
Recently, we developed a simple pyrolysis method to fabricate highly reproducible CDs using plant
seeds such as fenugreek and fennel. However, the synthesis conditions were not fully optimized,
and further improvement in emission properties was needed.

In this study, we optimized the synthesis conditions of plant—seed—derived CDs by varying the
pyrolysis temperature and evaluating their fluorescent properties. We found that increasing the
pyrolysis temperature caused a blue shift in emission wavelengths, attributed to the quantum size
effect. Furthermore, the quantum yield increased to approximately 30%, comparable to that of
natural CDs synthesized through standard methods. In addition, the full-width at half maximum of
CDs narrowed by 16 nm, indicating improved color purity. These results demonstrate that the

optical properties of CDs are highly dependent on pyrolysis temperature.

[ft&FEEEDOTFREME : Possibility of social implementation]

TV R ED T DFRNM B . KV ENTRIMERAFDL, K2 X M Z8% L TRIHEE
A=A EF Ry MIBEEHRA LN ZENTE D,

The emission materials for TVs and lighting can be replaced with carbon quantum dots, which offer

superior luminous performance, low cost, safety, and low power consumption.
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Protein crystals, which are solid materials composed of proteins, are expected to be next—generation
materials. However, protein crystals are composed of large and structurally complex protein
molecules that are held together by weak intermolecular interactions, making them extremely fragile
and easily breakable. Cross-linking is known as a method to improve this weakness. Cross—linking
strengthens protein crystals by introducing molecules that bind to protein molecules. Although
significant improvements in mechanical properties due to cross—linking have been reported, this
strengthening method remains largely empirical, and the mechanical properties of cross—linked
protein crystals from a materials mechanics perspective are not well understood.In this study, we
quantitatively evaluated the mechanical properties of cross—linked protein crystals through
compression tests. Pure protein crystals exhibited “brittleness,” where the crystal fractured and
stress rapidly decreased upon reaching a certain strain. In contrast, cross—linked protein crystals
exhibited a transition from linear to nonlinear stress—strain behavior with increasing strain and
showed “ductility,” undergoing plastic deformation instead of fracturing. This transition from
brittleness to ductility may be a unique characteristic of protein crystals that is not observed in
other materials. In the presentation, we will further discuss the detailed mechanical properties of

cross—linked protein crystals.

[ft&FEEEDOTFREME : Possibility of social implementation]

ARMWFFEDZERUTIY ARy F DR S D7D | BRI AT Re/e B RE 2 R D 2RI & o /" B R S DR B I 23
WS, 2L T MBLOBLE D DIR =R ZAD P B eg B 5 3 IR FEA S ~DOEBD FTRE TH D,
Cross—linked protein crystals are composed of biomolecules and exhibit reusable functionality. This
study is expected to advance their material applications. Furthermore, from a materials perspective,

these applications have the potential to contribute to the realization of a sustainable society.
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R, ZHEORE O S N OREEER L WO ZL1T, IEF G R IR EL<HETHD, Lo T, & F2IREE
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In recent years, heavy drugs, in which the hydrogen atom (H) of the drug is replaced by the
isotope deuterium atom (D), have attracted attention to improve the persistence of drug effects.
This is based on the fact that H and D atoms show different reactivity due to the quantum effect of
the atomic nucleus. For example, deutetrabenazine, a deuterated form of tetrabenazine, was
approved by the U.S. Food and Drug Administration in 2017 after proving to have a longer duration
of drug effect and fewer side effects. Heavy drugs are thought to have a slower degradation reaction
of metabolic enzymes than existing drugs, resulting in longer drug effect duration, but the details of
this reaction have not yet been determined. Theoretical calculations are effective in analyzing the
reaction between the drug and the metabolizing enzyme. However, in conventional quantum
chemical calculations, it is difficult to distinguish between H and D and to treat metabolic enzymes
composed of many atoms, which is computationally very expensive. Therefore, it is necessary to
develop a new method that can handle large molecules while taking quantum effects into account.

In this study, we will contribute to the development of new heavy drugs by developing a method
that can both take quantum effects into account and calculate large molecules, and by elucidating

the mechanism by which heavy drugs activate for a longer time using the method we have developed.

[ft&FEEEDOTFREME : Possibility of social implementation]

HRFCIEIE S O FN R AT = X L Z RN XD | FR RS\ oy Faa B a—2 E TR rTREL /R
D, BE~OFIEREOWA ERWERH OVAZ DAL T 28R CE A EIMBAFICEBL TX 5,

By elucidating the mechanism of drug persistence of heavy drugs, it will be possible to predict
molecules with high drug persistence on a computer, contributing to the development of drugs that
are expected to reduce the frequency of drug administration to patients and lower the risk of adverse

drug reactions.
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~ 7 APRBLIE AL, IR (Oo) 2SEERIBSHING (GC), ZRECHEE, 3B CHl N fiEa - Th, H
BRI SIS D, IR LIRIC AR U THEINC 2528, iRl 13617 28 ot
EHERFEAE I RAEA CTh 5, TR OMIINIZTEIZ Adherens junction THEA L TR, 2 b MaiE & 424H9
W5 L RO B 2 R T 2 TR IR R DMIH S D, ABFFEIT. 45 R B SO TR NG 36 1T 2l S & D& &I
ERRHZEEBHIELT-, £, Gap junction (G)) Z4# 9% Connexin 43 (Cx43) D RIEETI=LZA, Fik
TERL D —WIERL ~O AT CHRBLL T IRIER E TR 2 [ZHINL | BfRIE L LA R 32280355705
72 IRIT, 14-18 AR CHTBL/6) =7 APIEN LIz HEEL CIBRAOR R R E ML LTz, ZOTaE %% T
L HBEE AT T RIE, 4 B BIC kg EpTikIE ., 8 B B IZiTATkiE s ki gliisihg, £
T MIMAZEZ TG ZMET2E. 4 HENS 8 H HOMFICIVIE IR HIHIS4L, 8 H H RO ET
13X GC MIRSFEPE LT, Cx43 DRBURIELDHDEDHE | ZRIEBMASATIRIEI O RLR 21X Oo-GC MO AAE
HDBVEETHY, AidRIER LIS Tl GC-GC MO E/EM D GC DEMFITHETHHEE 2 LD,

In the mouse ovary, the follicle consists of an oocyte (Oo) and granulosa cells (GCs) surrounded
by the basal lamina and theca cells. In the mouse ovary, the primordial follicle is formed soon after
birth and pooled throughout the life. Although follicle structure has been maintained until ovulation,
changes in the follicle structure and intercellular junctions during follicle growth are not clear. The

Oo and GCs are mainly connected by adherence junctions and gap junctions (GJ).

In this study, the role of GJ in follicle growth was examined 2 vitro. GJ blocker (CBX) treatment
during the first half period (day 4 to day 8) significantly increased the percentage of secondary and
preantral follicles, whereas CBX treatment during the latter half period (day 8 to day 12) suppressed
follicle growth and widely induced GC death. In the mouse ovary, connexin 43, GJ channels
component protein in GC, was low in the secondary follicles but it was high in preantral and antral
follicles. Isolated secondary follicles grew and secondary and preantral follicles were observed on day
4, and preantral and antral follicles were found on day 8. Therefore, CBX can inhibit GJ between
GCs in preantral and antral follicles, while GJ between Oo and GCs may be affected by CBX in small
follicles. Thus, follicle growth in the early stage depends on the interaction of Oo—GCs, whereas GJ

in GCs are necessary for survival of GCs in the late stage.

[tt&EIEDFEEM: . Possibility of social implementation]
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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 of oocyte maturation and ovulation rate

in the assisted reproductive technology.
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MABERE T, A P OFRRA R EE L TR A S To S AR I > TR EN LA O IR IR L CheNz 3
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B @S 78 HAI-L 281958 MBS G RS RE DSR2 A = XA LA EL TD, £z, HAI-1
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=X NFIRHTHDLD, TEHEALDSEZ DM EALE L T2 R — ADGEEMER BEICE B Lz, =0 FY—4
RSO oD 4312 BUDIA TR BRI 3 1T DA N/ MR A HE 97, SRERIC MR A 3 1T A A2
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WA N v 7 ar (T)) O Z 7378 Claudin-7 ORIBNRTEEBILE 5 E, EEERHTHIE IR DR N
IZENL T2 b, Claudin-7 28 T] ZEE L CHIREEZTER T 5 ettt 5, (499)

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. (212)

[Ht&EEEDTFREME . Possibility of social implementation]

AAFFEIE, AR T a7 T — B AR E LI EWER O D22 AR OBIFICE R 2282 HRYEL Tk
0. BDADOEE - EHR LD RO ER THL0 AHEBZ I TEDH LRI 720155, (94)

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. (41)
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FUTFERRIZ RS CODZEZDNI LT, 5% ZEBL Z VB O3 fRi T ha e F LU0 —E%
ST,

Epithelial-mesenchymal transition (EMT) is a cellular process in which epithelial cells lose cell
adhesion and apical-basal polarity and acquire fibroblast—like morphology and cell motility. EMT
plays a role in embryogenesis and wound healing but is associated with tumor progression.
Single—cell and spatial transcriptomics have been revealed that EMT phenotypes of cancer cells are
divergent within a tumor. In typical cases, tumor cells at the peripheral edges of tumor mass are
prone to undergo EMT whereas cells at the center tend to retain epithelial phenotype. This
heterogeneous EMT response observed in tumors can be replicated in two—dimensional culture
systems. For example, in mammary epithelial cell lines, cells at the center of epithelial colonies
exhibit greater resistance to TGF-beta (an inducer of EMT) induced EMT. However, the molecular
mechanisms underlying such heterogeneous EMT responses remain poorly understood. To elucidate
this process, we use MCF10A, a normal mammary gland epithelial cell line and widely used as a
model for EMT. We found that the expression of ZEB1, an EMT transcription factor, is spatially
dependent in epithelial cell colonies and that it is regulated at the protein level. In addition, we
identified that ZEB1 protein is regulated by the ubiquitination—proteasome pathway and its
degradation is actively promoted under the high cell density culture conditions. In the future, we

plan to identify the ubiquitin ligase(s) responsible for the degradation of the ZEB1 protein.

[ft&FEEEDOTFREME : Possibility of social implementation]
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MIRES> ZEBL Zm B HLL TOD A MR L CORER & LTHT T2 A2 B R HRIE O B JE ~D B RS i S5,
The molecular mechanism of creating spatial diversity of EMT revealed in this study is expected to
contribute to the development of new therapeutic strategies against cancer cells with mesenchymal

properties and highly expressed ZEB1.
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B AEM BT DI T3 BT DNA 755 mRNA ~D & UG (H55) & mRNA 73H 2 L 3 ~D AR
Jis (BHER) 0 — Ex[gﬂ% HAkD, A5 X, TBP 2345815 1D Lt DNA BLAINZHE G T D2 LR HIF B RS L7 D,
1€-> T, TBP @ DNA ~O#E A HlEN L, B T-FBLOFIEN BV TD TEZE LS X HivD, TBP SFHAAEH 3
BHRTFITE OIS TNDH, Tafl D N KA (TAND) 1% TBP EFHA/EFH L., DNA #5 & 2635283
ABRE NO FEFRIC LD RIBINTND, LINLRR S, — (SR SERERE A VBB P ROfRHT OFEFL . TAND
FEIRODBAR 1% KA SH72 TAND K — (AL EE FCAEF rIEETHY, TAND OEERNIZEB T D@
I CThH -7,

SATHFZEIZFV T, TAND KAB 5 ARRRIE, RO BRI R RIICEB AR RE R TZENHLINE/ 2> TN
oo FAX AEDE B AR 2E R TIRRZR DT, ARNICIITSH TAND OMRERIIZ B IEL T\ 5, 4£F

BT AHERRICBWT, A= F a2 T A% IV, TAND RABIRBEAFHE L - BEA ICIRE RS
INBUER SO D ~To, £ DOREHR . TAND KARRBDOFH LTS m— L7 mRNA ORI 25| E 292
ENRABIETe T2, ARAERIL, TAND (ZAEERNIZE W TELOBE T O G4 EIZHIE 522 R85 %,

In Eukaryotes, gene expression is a 2—-step process; synthesis of mRNA from DNA (transcription)
and protein from mRNA (translation). The binding of TBP to the upstream DNA sequence of each
gene is the first step of transcription, indicating that the regulation of DNA binding of TBP is
important. Previous /n vitro experiments suggest that the N-terminal domain of Tafl (TAND)
interacts with TBP and regulates DNA binding. On the other hand, genetic analysis has shown that
TAND-lacking tafl (tatl-DTAND) mutation doesn’t cause the growth defects in haploid yeast
strains at room temperature, and the function of TAND in vivo remains unknown.

Previous studies have demonstrated that taf7-D7TAND mutation causes the growth defects in
diploid strain with the specific genetic background. I wonder whether transcription defects are
induced by tafl-DTAND mutation causing the growth defects. Strains which show the growth
defects are not able to be analyzed, although Auxin—inducible degron system, which induces rapid
degradation of target protein in response to auxin, enable us to analyze taf7-D7TAND diploid strains.
The result shows that the global mRNA levels were reduced in TAND-lacking cells, although not as
much as in taf/-lacking cells. This suggests that TAND is one of the global transcription regulators,
which promote transcription of many genes in vivo.

[fE&FEEEDOFREME : Possibility of social implementation]

AHFFEIZED TAND 725 TFID (ZE DG ARHET DD VRIBEI, B G- D AN = ALK T DR E -T2,
G T DB DNR L Z LI TE P A LL EEEE X DD,

Although the function of TAND 7n vivo has been unknown, the current study suggests that TAND
promotes transcription 7n vivo, improving our understanding of transcription. Although this study is
fundamental research, updating our knowledge of transcription will be useful to investigate the new
drug.
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(Clinical N—glycoproteomics for the exploration of diagnostic markers for Pancreatic

e
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cancer)

WEDS AT EIE R D & WIS D — S THY . BED 5 4RI SR LIV TN D, FEA TS T4
B P TR BRIRECIIBECEITII CTHLZEN S, ER A~ — I — L CBIER SN TV D
CA19-9 1%, FEREEMIRZIZ W THREZ R T 28D D, R - R B O BT 7D Ao~ — 1 — B3 A 2
FNTND, T, BABEREHZ R ORE S L B A REBHE S L VB DM S a5 28T At a s
L2 Wr KB D e S T D, £ TAMIE T, R ABE G2 W CERY T (a7 a7 A7 ALK
O HTHEDS v~ — 1 — (il & e oW 2 o B DO REER B LT,

HELT - BRI S A FBE S OMEERRE A Y% KD IRAE L7~ F RO LC/MS/MS 120, BF MG C747 V7
>y $L(FGG) MEINT 52 L% R Uz, FED A ML FGG 0 NT8 (213 2 AREHE /B LUV 7 S+
MMUTHRY, —EBIMET FGG LIZRR LT T VB G E RO ZEdVR SV, £7-, ZWrieZ =4 ROC fi#
HHZEIFD AUC EIE 1.0 THoTz, ZOZEDD FGG TN A~ —D—EL THH THLZENRBENT-,

Pancreatic cancer is one of the most lethal malignancies, with an overall 5—year survival rate of less
than 5%. It is characterized by genetic mutations, rapid progression, and late—stage diagnosis in
most cases. CA19-9, currently used as pancreatic cancer biomarker, often shows elevated levels in
non—tumor conditions, highlighting the need for more sensitive and specific biomarkers. Recently,
the detection of both glycan and protein components of cancer—associated glycoproteins has been
explored to improve diagnostic accuracy and reduce false positives.

In this study, we aimed to identify novel pancreatic cancer biomarker candidates through
quantitative glycoproteomics using serum from pancreatic cancer patients. Glycopeptides enriched
from the sera of patients with advanced or recurrent pancreatic cancer and healthy individuals were
analyzed by LC/MS/MS, revealing an increase in fibrinogen gamma chain (FGG) levels in patient
sera. N78 of FGG carried biantennary mono— and disialylated glycans, with distinct sialic acid
linkages differing partially from plasma FGG. Furthermore, ROC analysis demonstrated an AUC
value of 1.0, indicating excellent diagnostic performance. These findings suggest that FGG is a

promising biomarker for pancreatic cancer detection.

[tt&EIEDFEEM: . Possibility of social implementation]
AWFFETRESIZ FGG 13, @2 Wiee (AUC E 1.0) 2R L, BERADHTHAAF~— 1 —LL THETHD,
B4 REWEER R SE L2 Wi BB 2D A2 & T R FEED AN+ 2hH D B 2 HD,

The FGG identified in this study demonstrated high diagnostic performance (AUC = 1.0) and is a
promising novel biomarker for pancreatic cancer. With further large—scale clinical studies and

diagnostic drug development, its potential for social implementation is considerable.
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(Mechanism of formation of ectopic B cell follicles that induce thymoma associated
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myasthenia gravis)

T MAIE, B 2R T 20O EORBE THROBR) L, BHEEHR T 2L O RIS A Il w515,
D H CISEMET MIEOPEERIL. Mt L BG#fE (TECs) 23455 Tunvd, L7ch3»> T, TECs DEF L, B CISEMHET
AR OHEBRIEREL A 2ICL, fERELTH DR B ER T 5, 20 TECs BFIZIDEEITMIIED B 5,
Jifg g R X ERRE 7 4 D E AR89 (MGT) R 52, MGT B O Tl i@ F/ELRV B MR8 A
AU & DTE RO BE & BE i 5 R O JRIK T B CHUR O MG R B X EOFEZ RO 2L Do TnD, &
S7C, BETHE B MAIERE MGT (IR BN HH LS TODA, BT B MASEIAO KA =X A
RATHD, 2T, FAlZ, BFE B MBI O R AD =X L0 B 54, FAIE, EMRAOJESE TECs L1E
i TECs OB FRBENT LIRS TECs TEILER FIHBIAEB LT A LI, £DE{bA TECs T—HEB{I
L. BArE B MR E Bk 35~ A HTICVERR LT, 2O~ A% VT, BTt B MiflalEfans ooz
TER T DDONMENTZAT > CND, A 121E, MR EAR FRBURITIC RV BRN TEDIHIZL T B Ml EHH
FTLHDONFARTNTETHD,

T cells that recognize self-antigens are removed during differentiation, and only those that
recognize foreign antigens contribute to the immune response. Thymic epithelial cells (TECs) are
responsible for the elimination of these autoreactive T cells. Thus, abnormalities in TECs cause the
defective elimination of autoreactive T cells and consequently to the development of autoimmune
diseases such as myasthenia gravis. One disease caused by abnormal TECs is thymoma. Thymoma is
characterized by associated myasthenia gravis (MGT). The thymus of MGT patients forms B cell
follicles that are not normally present, and the frequency of their formation has been found to
positively correlate with serum levels of self-antigens, the cause of myasthenia gravis. These
findings suggest a close association between ectopic B cell follicles and MGT. However, the
mechanism of formation of ectopic B cell follicles is unknown. Therefore, [ aim to elucidate the
mechanism of formation of ectopic B cell follicles. I discovered the gene expression changes that
occur in tumor TECs by gene expression analysis of tumor TECs and normal TECs in human
samples. [ partially mimicked the changes in TECs of mice and have created new mice that form
ectopic B cell follicles. Using these mice, I am analyzing how ectopic B cell follicles form in the
thymus. In the future, [ plan to investigate how B cells accumulate in the thymus using

comprehensive gene expression analysis of the mice.

[ft&FEEEDOTFREME : Possibility of social implementation]

i R AR 20 R B D T O FE A TERHT | DFFE 2D MTG DOISTEERE-CIR AR IRIRIEL AR EETH
%o AWFZEIT MTG OFRREIZEIHD B MIIEIADOTZAIZHE B L TR, BT RIGRIEMENLOF R R 2R it LA
Do

Thymoma is a rare disease, so it has not been well studied. Therefore, the pathogenesis of MTG and

the basic treatment remain unknown. This study focuses on the formation of B—cell follicles that

induce MTG and may provide a new perspective for establishing new treatment methods.
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(Structural basis for DNA methylation maintenance in plants and development of
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novel DNA methylation inhibitor)

DNA AF /AL, Ml EZ ERT DT =T (v~ —7 Tho, Ml bR THENLL 72 DNA AF
M=, %Eiﬂ’ﬂi%'ﬁlﬁm#of BRARRE IR SRR SIS, ZOMEAIL DNA HERE AT AR I LD il =
. ZOMFEITHIEDO R AALZ S E T ZEDNSNTNWD, EFRIZ, DNA AF/UALEERELER D 5-7 W F
AT E BRI BIEGERE ORI E S CODR, 7 A RR TR ek 2 L BB AR E R T 5D

> RITERRREL 2O RIIRERN TH D, FA-BIX, 77 A48 1 BAMET BRI 7-fEHTIE T DNA AT /L LB
% DNMT1 OIEHALRIOAEIE 2R E L, DNMT1 OB OIEHERIEE AL A5 WL 72 (Kikuchi et al., Nat.
Commun. 2022 [Featured Article]) , ZOEF— 7%, HFLIEDEF M0 DNA AF NWALEERITITAFAEL 7R
D ZOTEVERIEBALIZAE G T 2L AL DNMT LI 28R MED @ < IR ME ARV EANC 2585 2
7o RFERTIL, FIE LTIEMERIEERNAL ZAZE ) & L= DNMT1 OFHBLERI OB I OW TR 45, SHIZ,
T 3515 D DNA AF AL D53 FREREDFEBNIC DN TH  IFEEREZ O TR T 5,

Accurate inheritance of DNA methylation is important for maintaining differentiated phenotypes in
multicellular organisms. A cell’s DNA methylation pattern is faithfully copied into newly replicated
DNA at cell division by DNA methylation maintenance. Abnormal DNA methylation is involved in
cellular oncogenesis. In fact, DNA methyltransferase inhibitor 5—-Azacytidine is used in the
treatment of myelodysplastic syndromes. However, its use is limited due to significant side effects
caused by the formation of aberrant nuclear—protein complexes throughout the genome. We have
determined the structure of activated form of DNA methyltransferase DNMT1 using cryo—EM
analysis and unveiled a novel activation mechanism of DNMT1 (Kikuchi et al., Nat. Commun. 2022
[Featured Article]). The activation motif is absent in other DNA methyltransferases in mammals,
suggesting that compounds targeting this regulatory site would exhibit high selectivity for DNMT1
and serve as inhibitors with reduced cytotoxicity. In this presentation, [ will report on the
development of inhibitors targeting the novel activation motif of DNMT1. Furthermore, I will also
introduce the molecular mechanisms of DNA methylation maintenance in plants, including their

biological significance.

[ft&FEEEDOTFREME : Possibility of social implementation]

FEREWFFE LIS AP FED RURIZED . DNA MERF AT AL D BB O BRAFE L =AW FE DT e . £ L TR ZE - BREE R
READRPIZH B TEHLHFFL T,

[ hope that the results of our basic and applied research will contribute to understanding of the
molecular mechanism of DNA methylation maintenance, advances in medical research, and solutions

to agricultural and environmental problems.
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ZoREMMAAEIER (PPD 1337 T RESMIEE R S A MBIRIC B W TEERERHZH - TRy, &
H 72 PPLIdAR 2 705 BB B- 472,

YAFFEZE TIE, BT AR BB G- T 528D MESIL T DN R B2 R L LTz PPLFRE
NTFREFFEL . SOICFHRFIEZR A LRSS bz i 352 TRXTF RO EiEHAGICR I LTz, —
J7TCRAFE LTz PPL HEASTFRIZHEARTII o 7fila g it 2 A L iR o 72w | Mg st ~7"F
R (CPP) Z 5L, MM TOBEEZ BLS T, Ll I Z L 7B ~OFE A B AEE T HI%IC CPP %
BAEL TS0 BLETEMEZ 3 TRICE QO SRe, 0 T EPKELRDEV ST E R B D,

ERROBLRMNG | AT TIENABE BB 5T HMAA PPL 2R L, Ml E R A 30T FRET
7 L—he LTz PPLEFEAST FROBFEN A B LT, ABECTIETFROT AL FERLINETIS
B R OW TR 5,

Protein—protein interactions (PPIs) are involved in various biological processes, such as cell
proliferation, cell differentiation and apoptosis. PPIs are also involved in the establishment of many
cell signaling pathways.

We have developed peptide—based inhibitors targeting intracellular proteins that have been
reported to be involved in a wide variety of cancer diseases. We have then successfully enhanced
the activity of the peptides through sequence optimization using computational methods. Since the
peptide—based inhibitors developed did not have sufficient cell membrane permeability by
themselves, they were conjugated with cell penetrating peptides (CPPs) to express their intracellular
functions. However, since the CPPs were linked after predicting the binding affinity to the target
protein, there are issues such as insufficient prediction of inhibitory activity and large molecular
weight.

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

findings to date.

[ft&FEEEDOTFREME : Possibility of social implementation]

AHFZETBHFE T DEINITAR % AN D& NV EZFERE LT PPL [HESTFRICBIGH AR TH D, &5
2, BHR FEEFIH T2 TAMDB I ETHRIEL T T I BRELS S E A MR ERR TE D,

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.
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Parkinson’s disease)

AR RIS — 0V 9 (PD) ORBEEHINL TRY, #ERfEE > TD, Lo, IRARNZRIR
PAEITI2N 2D IRBAN = X LD FENZR BRI S0 Chh D, BILE, PD B XL I BITIERL . SHIZEMBL
S LR T DU AL LE ML B A BT 5728 . O-GleNAc IEffiNE B SHTU0D, LasL, Ml CREHT A #E
THDHIZD, PD EOBRIT AR E NS, RIFFETIE, Z2 TG OGN ICA 22 E BOHTEtE v
T, #7272 O-GleNAc Z L /3P E DFRNTEEAEEEL 7 MRESILIZ PD E7 /L&, 3RO iPS i kR /<
ARRSR AR Z T PD RERAY72 O-GleNAe 2 /B DAL E A LINC T 528 B LT, B iPS A
fam o/ NZEHF L7 F o TlRMELTZ O-GleNAe #2 /"7 Bz 7y TiE{EL LC/MS/MS (24D O-GleNAc
NI FREFE LA MLTAT TV LTz, WATL T, BN IPS Hifd/ O bEFES LRt R a2 37
BEMEL, LC/MS/MS Z#EE LT, BGFLIZAI ML T — 25T 7 FVERAETHIET, BBILI- O-
GleNAc Z o/ _ 7 E 2B LT,

The increasing number of Parkinson’s disease (PD) patients is social problem in the world. Detail
understanding of the disease mechanisms is urgent, because there is no complemented treatment.
Recently, the O—GIlcNAcylation which attached on proteins related to PD and competing with the
phosphorylation for modification sites, has got attention as the new keys for treatments. However,
despite the lack of analyzing methods, the relationship has remained unclear. In this study, we
have developed the new O-GlcNAc proteomics method using the mass spectrometer to clarify PD
specific change with PD model and control human-induced Pluripotent Stem Cells (iPSC) derived
Dopaminergic—neurons (DA-NC). O-GlcNAcylated proteins concentrated by Wheat germ
agglutinin (WGA) were trypsin digested and analyzed to identify O—GlcNAcylated peptides to
develop the spectral library in skyline analysis software. Next, all proteins from DA-NC derived
iPSCs of PD model and control were collected. These proteins were only trypsin digested, not
concentrated by WGA. Digested peptides were analyzed with mass spectrometer. Obtained
spectral data were overlapped with spectral library on skyline to identify and quantify the O-
GlcNAcylated peptides automatically. Then we clarified PD specific changes during neuron
differentiation. And we have checked the proteins on HexNAc biosynthesis pathway, O—-GIlcNAc
transferase and, O—GlcNAcase. In the future, we want to consider why the O—GlcNAcylated
proteins in PD model cells were changed from proteomics and phosphoproteomics data to reveal
one of the PD mechanisms.

[tt&EIEDFEEM: . Possibility of social implementation]

O-GleNAc 13, PD 728 DZLDFHE B EDBRARRIN TS, ATFEIL, IREEEZE KL CEEMITI52
EEAIREIC T D, #HE R T HZE T EEBANI =X LD EORRICEIRT 565 2615,
O-GlcNAcylation has been suggested there are relationships with various diseases including PD
and cancers. This method enables us to quantify the O—GlcNAcylated proteins without
cumbersome concentrations. It will contribute to understanding the disease mechanisms and to

detect new targets for treatments or molecular biomarkers.
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[#F2E3s 5 ) AE R~ A B 1T DA AIATR B &) T LA A L CTBIE T D TIEEL T, e AA—V T DT
FIEBEZED TD, BUER PO KEY T A0 T4 F ER R F-OMRE P82 Tk, KINREER TS
<OEHE(tokazu et al. Nature Com. 2018; Abe et al. eLife. 2024)% EIF CTA, — 5 IMEO IR IZE/LE -
PEER « REW 72 BB T2 2 < DRERE A FF D LSV TNDDY IS FH) T 7 0 —F DL S/ HA A=V 78 A
HECHY RTER 7R ENT RIS TR,

[xt5L)71:]GCaMP DT AN AT 2 — 3 LIRS~ A% e, BRI ZHIBRUTZ %I/ MK VI~ X
WA, #E U BN T TAEEE LY A RO AR LT, U RY I 1 SRR 2
L. #JOK T CHIVRAZ Ot & A g AT L=,

[t SR JOH S - A2 38 - B 122 24 TdTomato <° GFP A /L A% YL ST, i - AVRBZ A THEL S A /L A
INDFEEBEE LT, SOITHI AR 7Y A AL DL FHIRI A 52 52 8T LB AR SCBLD JHTED
A AEE N TR0 RTEE D BE L T D AL LT, A TH bas% 3Bl 32 A i amt 2t (2 ok
T TCOZIA NN DAV T EAT oI, TEEBNDIRE LA A=V TRV T SETRER HOKHIC
BUTD EALH R AR RO BB RIE B 2155 Z LI Lo, 22 ETORERIL, R T THE D72 FEFRI:
T ORRERA A= TN LT 1200 Tl | BROKIRFICTE B 2 IR AL R ORI EE DS 5 638 2 Hivd,

[Background]Two—photon imaging has recently been a curious method for real-time observation of
neuronal activity. At my research lab in the Medical University of South Carolina, significant
progress has been made in cortical areas (e.g., [tokazu et al., Nature Communications, 2018; Abe et
al., elLife, 2024). Meanwhile, NTS in the brainstem, known to play crucial roles in organs, remains
poorly understood due to the anatomical challenges.

[Methods] GCaMP viral vectors and genetically modified mice were used for fluorescent calcium
imaging. After removing cerebellar lobules VII-X and placing a coverglass, a two—photon microscope
was positioned above the brain surface, and we gave mice water orally.

[Results] TdTomato or GFP viruses were injected to the pharynx, esophagus, and stomach, and we
saw the retrograde spread to NTS. Mechanical with forceps and chemical stimulation with capsaicin
in the GI tract were associated with localized activity within the NTS. We conducted two—photon
calcium imaging focused on these GI controlling CNS regions while drinking. By Al deep learning to
detect tongue movements from video and synchronizing this data with brain imaging, we successfully
got excitatory neuronal activity in NTS. This study achieved the non—anesthetized brainstem

imaging yet to be reported all over the world, and observed NTS circuits that activate in drinking.

[ft&FEEEDOTFREME : Possibility of social implementation]

ROAT v 7 & LT XMERIEEE AW FIEEIC X242 TE L Tl 0 | IEZIC T 2 B eE
EWENTENC B2 D50 B fR L, FRARARER H R DMl 555 DR BRI -CIR IR IC BT 2 2 & 2 I 5,
We plan to use X-ray swallowing fluoroscopy to discover dynamics of NTS. It hopes to contribute to

understanding the pathophysiology of CNS induced swallowing disorders and advancing treatments.
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A T FRERIARERER 1T, HUEE DRI OWTOFED AT —=0 70, IRFREOFH LWAGOE, HLwv
AV a— VaikHrHZ AU T, U FHRBROFHENC E B EIZ R TF, 5 FIEERTER RS D3
FIBHFRICEY, T2 2MEEE T ARREBRDNER SN TERY, ZOP TOAAMBERIZIB W CLIZLIZHV SIS,
Flexible Screening Design (LA T, FSDIZ# H U7z, FSD 1%, EZEFHEIE B IR W TR THIEEDZEN RiAD 7
WA TH, TARTA THRISNHREIRINRER GEME, 22N, GORG S, EEOERE) ZERELTE
BREMTONDT AL ThHD. L lZio T, tMOBEREZEEZ, B2 IXEENEE DO EEN &
WBR IO RIFESNHZEN DD, ZOT AL, FNEIEDREDBE IHERE T DI AR E T HEDE
JEFIED— DI E RNV ERIR B2 S L T, SOITEA CIEE S BRI R U TR 7B T
PA L DOIERIZB LR EoTND. FRMERD I RIAENDG &, A RXELEH T 22 TR
BRIER NS HIF CEDIEAD. RWFFETIE, ~AXJT 7 u—TF 285 FSD HIEFIHGLEHELAIRRL, EDMRE
R 5, Fho, FET—HENTEEC CTIRET P A OfF AEE R

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, randomized Phase Il trials have garnered increasing attention. Among these, the Flexible
Screening Design (FSD) proposed by Sargent and Goldberg (2001) is occasionally utilized in
oncology. The FSD 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 FSD-based Bayesian approach for trial design and sample size

determination, evaluates its performance, and demonstrates its utility through real data analysis.

[ft&FEEEDOTFREME : Possibility of social implementation]

KGO T FA X, A AR FEREFFRMRANALAANDZEIZLY, PERE G BRSO B ARER O 25
b LA R TED.

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

and improve the efficiency and speed of clinical trials.
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RGIE, B FRBEICBWTUILD DATy 7 H I EER S Th D, M5OI KRG S Z ]
WFHZLT, F I THOGREREL . AR OFEACHIEA D DORIBLIIEE T DI LN HEIC2D, B55 X
JEDOYIABPEI T, #5375 PG AU G B AARITIE & A2 RS L, DNA 2°5 mRNA 28 DBER TH
% RNA RYAZ—E 11 (Pol 1) BIFUNAEND, Fox 1T, AT 1= —F—E@EROY 7 2=y b MED26 23555
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Transcription is a crucial process regulating gene expression. In the transcription process, general
transcription factors assemble to form a pre—initiation complex, which is essential for recruiting RNA
polymerase 1I (Pol II). We previously found that the human Mediator complex subunit MED26
interacts with the elongation complex and recruits to the promoter region to promote transcription
elongation. Interestingly, MEDZ26 also binds to TAF7, a subunit of the general transcription factor
TFIID. TFIID binds to the promoter and plays a central role in the assembly of the pre—initiation
complex. The interaction between TAF7 and MED26 plays an important role in linking the two large
complexes. However, its role has not been elucidated.

To explore the function of TAF7, we generated a cell line expressing FKBP degradation
tagged TAF7 to degrade TAF7 rapidly. We found that rapid TAF7 degradation leads to significant
upregulation of heat shock genes under steady state condition. This result suggests that TAF7

negatively regulates transcription at the specific genes.
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Transcription is a crucial process in gene expression, and the disruption of transcriptional regulation
is known to lead to tumor—induced diseases and developmental abnormalities. Elucidating the
mechanisms of transcriptional regulation is expected to contribute to understanding the pathology of

these diseases and the development of therapeutic drugs.

,16,




No. 17

FTETIER: - BRER - R4 EEEATZERE  ERM AR
( Graduate School) (Graduate School of Medicine Doctoral Degree Program)
FERET K4 A SR
( Student 1ID) 240075 (Name) (Miu Yamamoto)
YU AZREINZ BT 3T AT =2 — A MIZID LLPS FER ARG I
WA BEAE O i

(Research Project Name) | (Elucidation of the LLLPS—independent transcriptional control mechanism by the

core mediator complex in mouse fertilized eggs)

SREINT, RO R T 5T < TOMIIZ /b rTREZ [ RREME ) 2 AL TRV, ZO A DB s T3
A MMI[Zygotic genome activation (ZGA)JEFEIEILS, BN TiE ZGA 28 4~8 A, ~7 2Tl 1~2 fija
BN ZDZEDNBILTWDD Z D5y M IR DT 3%, AWFFETIE, vV AZ IR L O
Pz U ZGA BROVRREMEZ T 550 F AN =X LD Z B LTz, £ OREHR, ZHEII TR
W BL T DIR BN F Dux 28, Z7u~F UG L BV E LS DT & TRk AR5 Bl (LLPS) 240 L, RetEaHEFF
THEBEEENE R ZEEAOIC L, £, Dux (3D EDa T AT 4 m—F—H T 2=y N L CHR S A
HE 2720 Tlad | U haAT BIROTEELICO B G- L TS EE T L LT, BURTR 22, -~
BURRAT EIOTEEEIE, AR P AR T 4 — DIFIEIZB WO THBIRSNDBR THY, ZHFINCE
7% Dux- AT 4 =—Z —% N LI G — WA Th D2, ZL TEDXAIL 7 MPIEF e A TR CHE
B THOHZEN RIS,

The zygote possesses “totipotency,” the ability to differentiate into all cell types required to form
the next generation organism. The first gene expression event in this process is known as zygotic
genome activation (ZGA). In humans, ZGA occurs at the 4- to 8—cell stage, while in mice, it
occurs at the 1- to 2—cell stage. However, the molecular mechanisms underlying ZGA remain
largely elusive. In this study, we aimed to elucidate the molecular mechanisms that regulate ZGA
and totipotency using mouse zygotes and embryonic stem cells. We identified the transcription
factor Dux, specifically expressed in zygotes, promotes chromatin homogenization, suppressing
liquid-liquid phase separation (LLPS) to maintain totipotency. Additionally, we discovered that
Dux not only regulates transcription through a limited set of core Mediator subunits but also
activates pericentromeric regions. Interestingly, pericentromeric activation is observed in
pathological conditions such as cancer and muscular dystrophy. Our findings suggest that Dux—
mediated transcriptional regulation is transient during early embryogenesis and that its precise

timing is critical for normal development.
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By elucidating the mechanism of totipotency control in zygote at the molecular level, it is possible to
contribute to the understanding of early developmental processes. Furthermore, this could lead to the

elucidation of the pathology of muscular dystrophy and the development of new therapeutic approaches.
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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.
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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.
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