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Research theme Improving Boron Retention by Encapsulation of the BNCT Agent BPA Using Nanofiber Mesh

1) B #1(Goal)

BRRTHERASNTWSRORBEIRTRO= OB A5 TH Sp-boronophenylalanine (BPA) [, L\DA DM AFETENT=A

BRERIETSH—A T EZONCHBENHEHSINTLES =6, SiEICKB3EMEICH=5EHRIRSIAVETHD, AAET

I%. EYREHIEA T EELARY T — 012K AT AS5% k> (polycaprolactone: PCL) ZFALNTH /74 /13— Ay a (nanofiber

mesh: NFM) & RL. BPAZAIIE T 5L TEBRNHZMER LS. KUSIEMGRDREYREZEL AT LDBFEEBNCTIZL
AEMROMLEEBIET,

2) Bk B& (Approach)

B ROREFNTHIBPAZTE N A A EE BN BPCLIZAELT-BPCL-NFMZ &S L. EEE L ~DRL{TAE[Z LY
BERNANDBEMGRYIZEI0(10B) DEBMNEEEMT S, ChizkY ., EHEMNAEREFTREELY ., JYRE THERMABNCT
DEIEDFAREELY  KYZLDEEANDHEIGIEREZLDIFEFRADBNCTDERALENDATHEMEERI<,

3) # &A% (Materials and methods)

(1) #mAa

TYRKEN ABECT264AF8% FLY. Eagle-Minimum Essential Medium|Z10%4R 34 B & S E M E & R ML= E#IZT37°C.

g;o?éo)/r;{#l&—amftﬁﬁuzo E2~3EIDIEETHRARZITU. SHRZ1BUEE AL HIEERICA>-HEDOH# %=

ERICERALT-,

(2) b iEF iR RS

REKREZESRFHEEAEFROHAZEHEFIF (Kyoto University Research Reactor: KUR)ZFALVT, MIlE S UPEMNATIR

;g?%ﬁl&%ﬁﬁ%%ﬁ’éiﬁﬁbto HREEER TILH 1MWTS5, 10, 203 DR §IZ#1To1=, EIYIERR TILH AASMWTI123 D R
¥ ?ﬁ’o Zo

(3)BPA-NFMD & X

EE - A REBENIMS)DERMEELHBEFIZEEITLY, BPCL-NFMO A BB LUMMHEE LT o= Pttt LL T,

BRESER. J7M/N\—DEER (TEMER) . BPA A BRE =L -,

(4)BPA-IILO+—RBHEDER

Bt R EL T BPA-T LY h—RB KR (BPF-f) & FLT-. BPAIXE A TH A=, TILIb—REEBETEETL. 7ILAY

HICTERITEMEHERL-DOL, PHICRLTERICERL-, REMZI10BREIL1164 ppm&LT=,

(5) fAREM10BETE T M (MR SEER)

CT26#REIZXIL T, 10B;REHV10, 25, 40 ppm&7i D K3 IZBPAF B T IRL=BPAS R Z/ERL . R8It L TR NEE 1T

Hot=, T, 2 mg/mLOBPAZ & H I HBPCL-NFMZ1 cmBEIZRZL . 24 well plate DFARBIEE KL T, 6, 15, 24, 48051

DNEBEITH 1=, FNEBHRMEEEEINL ., KL ALIBRICP-AESICTIES N 10BEEFHEL =,

(6) BPCL-NFM® A sh 14 5T (MR EER)

CT26#AREIZXIL T, 10BJREAHY10, 25, 40 ppm&7i D K5 IZBPAF B T IRL1=BPAS R Z/ERL . R8I L TR EZE 1T

otz £1=. 2 mg/mLOBPAZ & H 3 ABPCL-NFMZ1 cmBAIZAHZL . 24 well plate D AR EEE & 2k 6O CT24R5FE MR ZE 1T75-

foo PHEFREBEHEZ, OO —BEEFRAVTHIAEFEEERSH, BNCTIZK D5 MBESRE LB LT,

(N BB~ D10BEEMEETE GEAAEYRER)

CT26HREZEBALB/c Y™ R (8-9W, i) DAMIKERERIZFEHEL . 1:BRIRIEEREHAT-9 mm ¢ ([EH{KFE200-400 mm3) DEFH T

BPA-fZEEMIE TR 5L, F-EEE LD KR EEXYIREL. BPCL-NFMZREFLI=DH#EE L1=, BPA-fi% 5 BE (138 K U 248518

% . BPCL-NFMAL{tE£1X3, 6, 15, 24, 48RRI RICIEEFE L. [IIEALIBZICP-AESICTIEE N I10BEEZF AL /=,
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1. ARBE(2)

(8) BPCL-NFM®D A& #h 5T GEAS A ENYIEER)

CT26#fif8%BALB/c <™ X (8-9W. iff) DEMRIKERERI—FEHEL . 1 BREZIEZENT-9 mm ¢ (FEHFATFE200-400 mm3) DR T

BPA-fZEEEE TR 5L, £-BEE L O EELXVIFL. BPCL-NFMEZEETLI-Db#EE L=, BPA-f% 538 % L UBPCL-

ggﬁﬁg;{f;s&ﬁﬁﬁ%t:ﬂi%%ﬂI:BE)% L=t FHRBEsTEEHEL . Bit % E2ROEEY A XAESCAREANEETL. RIESD
%z SE@ELT=,

4) EERHER (Results)

(1) ¥ PN 10BEFE M ETM (HEREEER)

BPCL-NFM#ZFALIEL7=CT26#HFAAN D 10BRE DA LO—RXEFHEL =R 1, 6, 1585 IZH T THRIKFNG LR ERL. 24
B CE—VEZRLIZDBBIEL | 4885[EI L 24 TD10BREICHEEE TGN o1z, 10BREDHMEXHEELL TIL. 250pm10BiE
EDBPA-FAREIBBANEL-BOREICHYTIEEEZRL-.

(2) BPCL-NFM®D A $h 14514 (HEREZEER)

HREREOHERHI S, BPCL-NFMUE £ 245 B TO BN MEEHEZEIT o7z, T DHFER . BPCL-NFM24R5fE A {12k HBNCTZx
FashEI%. BPA-f(25 ppm10B) 1BFRMLIBIZ LA B E4EH TELL =R o 1=,

(3) BB~ D10BETEM LM GEAA B EER)

BPCL-NFMZALIEL /-CT26 2 4EFEHZA D 10BEE DR A LO—REFFHAL-FER .. MIEE~NDEYAH [CLHEARBONTEEERT
CENBELMEL ST, BPA-TR TR 5EE Tld, 15 5% 3R TIOBEEIXE— % RL. 24 TIX/ NI 559K (BG) LAJL
IZEB=-DI(ZxtL. BPCL-NFMBES{T B Tld. 5 % 3BMBI TIIBGICHRTHEEL LRIZR SN T, 6, 15, 24 -BFREKTEAZE10B{E
DERENRESN, 48EEICHE N TH214BBELBLTHEELERL X RSNEN o1,
(4)BPCL-NFM®D A sh 41l (BB A A BN RER)

BPCL-NFMBS{t & FHR 2 G T 52 & T, CT26F54EES (L IEMB AT R, BT E B ICLE R THERESIETE O N A R
Ntz, — AT, BHFEETHHBPA-FEDLLEIZHUVTIE, 125 meg/kgik R LLERTHEIZTRL, 250 mg/keik 5EHEITIBEELHEE
17K, E1=500 mg/kei S LR L TEEICBLMAEENRE R,

5) & %2 (Discussion)

AMETIE. R THWSNTNSBPAD EYBREZMRE. T L ELHIHERRNH SR RBREOLERNIZRRT
BEEBMIZ.RUATASHLEEMELE=F/T7AN— AV 1 KB R RRE R DR EEL AT LERF LIz, PCLIZE
SR - ERESHEICEN. REFEHE OEYREEEEE T ERIT—ELTHELFIAIN TS, KR REIZE L TBPCL-NFM
[£. in vitroBS K Win vivoD WNFNIZE WL THRERIKERIL10BEREERL. BB NEEF48RMEICh=V#iFLT1-, — /. BPA-f
BER TSR TE— %2 RLEE., 2BBTERELANILETETFLE, Chid, MEKEMNS TETTE25R5EBPAL. B
FriERICR YIRS ANFMEDEMENRED B NVERML TS EEZ NS, CNETICRAB IUVERLE. PCLF/T74
N—DUK DD DEFNELEMIFREFL., FIEHBEATEETHEEEFREL THEY[2,3]. AMTILZDOBNCTICAIZES1T5E %
MEEIELE-LDTH D, AEMEDE A TIL. BPCL-NFME [EBPA-T 125 mg/keBE LY A EIZES L REESIREERL. 250
me/keBf ERF TH o1z, BNCTHRITRHFr R TORBBRRVRREICIKTF T 570 FCSBEMFaREBKEL TS
BUTHS, THEHE. BT LEEVNE—VEREZVELET . RELEZEENHENABEDNRICES T AR TREINT -,
AFXIHREAFETELL. 2BBELFIH TELTHEMELAHY . T OREEEE~DIL AL EEKRERAHFSN
20 SRIFEEHEBEORELFMPSIVREREICKIEEMRIAETITOILT.BRICANDEBELAREZEDLILELNDH

6) MADWEE L. BEDESH IR RO BECEEHE (Self-assessment of the current progress compared to the initial
research plan.)

@BHTLHIETT (Mostly on track)
DEBEIYEATOEIRREENTLWSAR. RUZTDER

(Contents that are ahead of schedule and those that are behind schedule, along with the reasons.)
HELVEATNBRNRELT, BPCL-NFMD BB NETR IS DN THMLRZ M Lo — R EHT (3~ 4805/ T TERETE-AMNE
(Fohd, E5IT BNATIRETIILERL-BNCTEEEHESLE TLTHY . BIFEBPA-fED L BREETERBTE &
(X, BRETEZBRI IR THD, CNIZKY ., RKIFHE TN =2 R T LADOEHEFN vitrods & Win vivoDEE M SREET S
ZENTE, — AT, EEMRBICETS10BREFMICOVTIXIRERTRDTHY. EF  EEMERL (T/NL) O RKETE
[SIEES>TLVEW, £ BMEBRB LIUVRBHERORER#BN SN FTELY+5 TIEEL HEHEEEZSLICEH 5EMEER
PNHBGKRTHD EEOFHEHELT, FRAL-TEFRTHIFBRERAEAR TR (KUR) BAAREERTEIFFETH
5=, ICERENMIFELYELEML., +2EIL U2 LN ERTELGINI=2ENBFOND, $FICHBATEER XS AN S12
BBIUEXRIIMNTTERERSSIN2O. ET—20BHS L CEMEROBRAELNT=, Fi-. BPALPCLO Y
MREELYBFTIEAGL ERTREFHEORBLSIUYETEICFRLU LORMZELCELEWICHELT-,

S#IE. EEABTAES LUERBREIROHTERBENITED. T—20EENR LG E2MTMOFTEERLSFETHD.
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Understanding the molecular mechanism underlying tumour microenvironment and identification

Research theme molecular target for head and neck cancer treatment

1. ARME)
1) B # (Goal)

We aim to develop an enzyme activity measurement method at single—cell resolution, using a microdevice for efficient
single—cell capture and a unique probe that emits fluorescence upon cleavage by specific enzymes.

2) BB (Approach)

A new microdevice system for efficiently capturing individual single cells will be developed using photoresist
technology. To detect specific enzyme activity, we will employ a fluorescent probe capable of measuring enzyme
activity at the single-molecule level, one we previously developed.

By integrating this microdevice with an enzyme probe, we will simultaneously profile the enzyme activity of cancer
cells and stromal cells within the tumour microenvironment (TME).

3) # &A% (Materials and methods)

Fluorescent probes containing amino acid sequences specifically cleaved by target enzymes were designed [1,2]. This
study focused on matrix metalloproteinases (MMPs), which are associated with the degradation of the basement
membrane during cancer cell invasion. Single cancer cells were captured alive in microwells, and MMP enzyme activity
within individual cells was analysed.

4) EERHER (Results)

We observed MMP enzyme activity in oral cancer cell lines over time using time—lapse confocal laser microscopy.

1. Western blotting is a conventional method for confirming MMP expression levels. In this analysis of eight oral
cancer cell lines, MMP-14 and MMP-2 were detected in most cell lines, whereas MMP—-9 was detected in only two.
2. Gelatin zymography is another conventional method for confirming MMP enzyme activity, reflecting the activity of
the entire cell population.

3. Using photolithography to fabricate a specialised microdevice, we confirmed that a 33 X 46 (£ m microchamber
efficiently traps single cells, successfully developing a novel microdevice.

4. By adopting an assay workflow and performing time—lapse imaging at six locations over 10 hours under a confocal
laser scanning microscope (CLSM), MMP activity in single cells can be monitored.

5. Heterogeneity in MMP enzyme activity was observed across four cell lines (HSC2, HSC3, HSC3-M3, SAS).

6. Activation dynamics were quantified by counting the number of MMP—-positive cells at each time point and
calculating the proportion of positive cells.

5)Z%2 (Discussion)

Tumors are not uniform masses, the cellular heterogeneity plays a critical role in tumor progression, invasion, and
metastasis. Cancer cells invade by degrading the basement membrane, which is mainly composed of type IV collagen.
The key enzymes responsible are gelatinases—MMP-2, MMP-9, and MMP-14. These enzymes act as molecular
scissors at the invasive front [3-5].




MEEES: P4612

1. AEME(2)

Comprehensive single—-cell omics approaches have been developed, encompassing single—cell genomics,
transcriptomics, proteomics, and metabolomics. These technologies have significantly advanced our
understanding of molecular heterogeneity at the DNA, RNA, and protein levels. However, enzyme
activity, which directly reflects real-time functional cellular behaviour, remains unanalysable at
the single—cell level [7-10], making single—cell enzymomics a largely unexplored field.

We have now established a straightforward method for measuring enzyme activity at the single—cell
level. This approach has the potential to elucidate enzyme activity heterogeneity across
individual cells, leading to novel biological insights into cancer heterogeneity.

To our knowledge, this is the first demonstration of real-time single—cell enzymatic activity
analysis, revealing functional heterogeneity that cannot be detected by conventional bulk assays.
6) HBHOMETETE L, WMEDEB IR TDBCELE (Self-assessment of the current progress compared to the
initial research plan.)

DOF B LLEIZERH L TLVS (Progressing more than expected.)

@BBLRIEEE (Mostly on track)

QOWPENTLYS  (Slightly behind schedule)

@KIFIZEMN TLVS (Significantly behind schedule)
DNETBELYEATNIAREENTLSIAR. RUZDIER
(Contents that are ahead of schedule and those that are behind schedule, along with the reasons.)
1. Mostly on track
The core phase of the project—the 'Development of the Novel Analytical Method'—is progressing exceptionally well
and is slightly ahead of the original timeline. We have successfully established and validated the platform: the
synthesis of high—selectivity activity—based fluorescent probes, the optimization of microdevices for single—cell
partitioning, and the standardization of confocal microscopy protocols for robust outcome evaluation.
2. Reasons for Success
This steady progress can be attributed to several key factors:
1) Strategic Guidance: The timely and comprehensive supervision from my mentor has been instrumental in navigating
technical bottlenecks.
2) Thorough Preparation: Extensive preliminary research and meticulous experimental design ensured a high success
rate from the outset.
3) Resource Support: Generous financial support and grants from various sources have provided the necessary high—
end reagents and infrastructure.
4) Dedicated Effort: Consistent and rigorous individual effort in optimizing experimental parameters has accelerated
the transition from development to data collection.
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Ep & Unveiling disulfidptosis—linked IncRNA signatures: insights into the immune microenvironment and drug
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BEES Frontiers in Genetics
Published
journal ==z
= ~ [=N-I=] H
2025 4 11 A 16 #(5) 1650544 H B Language English
F1EES F2EEA - EIEEA -
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7. R EENZEE T BB F K Press release concerned with your research activities
NERHLI-EEEZE AL TLIZELY, Attach a copy of the article described below
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Research theme Mechanisms of environmental protease—mediated skin inflammation and epicutaneous sensitization
1. AEMEQ)
1) B 89 (Goal):

Protease antigens derived from environmental allergens or Staphylococcus aureus colonizing the skin of patients with atopic
dermatitis trigger skin inflammation. The primary aim of this study is to elucidate the mechanisms underlying this protease
antigen—mediated inflammation.

Furthermore, I contribute to investigating the mechanisms of acute itch, the development of airway inflammation following
epicutaneous sensitization (atopic march), and memory responses in airway inflammation—all of which are driven by protease
antigen sensitization via the skin or respiratory tract.

2) BB& (Approach)

In a previous model established by our group (Ref. 1), the innate immunity—dependent sensitization and adaptive immunity—
dependent effector phases were not clearly separated. To address this, we have developed the current two—phase murine model
comprising distinct sensitization and rechallenge phases, allowing us to investigate the mechanisms of each phase independently.
In parallel, a separate suite of modified models is being employed to analyze acute itch, the atopic march, and airway memory
responses (Refs. 2, 3).

3) #+ ¥} &5 5% (Materials and methods):

Ear skin of C57BL/6 mice, pre—treated with sodium dodecyl sulfate (SDS) as a model detergent, was challenged with papain or
protease inhibitor-treated papain as model protease antigens. Skin inflammation (ear swelling and histology), barrier disruption
(transepidermal water loss; TEWL), and serum levels of IgE and IgG1 were assessed. Additionally, we measured cytokine
production from antigen—restimulated skin—draining lymph node cells and analyzed gene expression via gqPCR. Underlying
mechanisms were further investigated using knockout mice (KO) and the administration of antibodies for cell-specific depletion,
signal blockade, or cytokine neutralization.

In parallel, distinct models were employed to analyze other research issues, including acute itch, the atopic march, and airway
memory responses.

4) EERHER (Results)

i) The model exhibited skin inflammation characterized by increased ear thickness and TEWL, along with elevated expression of
Th17/Th22 cytokine genes. Both Th17/Th22 and Th2 differentiation or expansion were observed following sensitization and
rechallenge.

ii) Notably, sensitization phase responses were preserved in Rag2 KO mice, whereas rechallenge phase responses were absent or
markedly reduced in anti—-CD4—treated, Rag2 KO, and Wsh mice.

iii) Protease inhibitor—treated papain elicited little to no response during the sensitization phase. However, it induced considerable
responses during the rechallenge phase in mice pre—sensitized with active papain, but not in those pre—sensitized with the

inhibitor—treated version.

iv) Two KO strains lacking specific epidermal cytokines showed decreased responses in both phases. Preliminary in vitro analysis
of cytokine expression using a human keratinocyte cell line is currently ongoing.

v) In a pilot experiment, administration of neutralizing anti-IL—17A and anti-IL-22 antibodies failed to attenuate the responses.

vi) In another pilot experiment, depletion of innate lymphoid cells (ILCs) via anti—-Thy1.2 antibody administration attenuated the
sensitization phase responses in Rag2 KO mice.

vii) Both the murine model and the antibody administration protocols are currently undergoing optimization regarding dosage and
timing.

viii) Details on other sub—themes are excluded for brevity.

-14-
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1. RME(2)
5) Z %2 (Discussion)

i) The current two—phase murine model successfully differentiated the sensitization and rechallenge phases.

ii) Our findings indicate that the sensitization phase is innate immunity—dependent, with preliminary data suggesting the
involvement of ILCs or NK cells. In contrast, the rechallenge phase is Th cell-dependent. The specific contributing cell types—
such as ILC subsets (ILC1, 2, or 3), NK cells, or Th subsets (Th17, Th22, or Th2)—remain to be fully characterized.

iii) The protease—dependent inflammatory responses will be further investigated using flow cytometry to identify the specific
cellular infiltrates involved in each phase.

iv) While two epidermal cytokine pathways have been identified as potential drivers of this inflammation, the underlying molecular
and cellular mechanisms require further elucidation.

v) The observed lack of efficacy for anti-IL—17A and anti-IL—22 antibodies in our pilot experiment may be attributed to the
robust production of these cytokines, which could potentially saturate the administered antibodies. Consequently, we are
currently optimizing the murine model and antibody administration protocols, specifically regarding dosage and timing.

vi) Details regarding other sub-research themes are omitted here for brevity.

6) BAOMEHEELL, IREDEBIKROBCEHE (Self-assessment of the current progress compared to the initial
research plan.)

DOF B LLEIZHER L TLVS (Progressing more than expected.)

@EHLHIE (Mostly on track)

QWLLENTLVD (Slightly behind schedule)

@KIBIZEIN TLVS (Significantly behind schedule)

NEELVEATONDIRNBREENTWSAR., RUTOER

(Contents that are ahead of schedule and those that are behind schedule, along with the reasons.)

Ahead of schedule: We have completed the analysis of several knockout (KO) mouse strains, which revealed distinct phenotypic
differences in our inflammatory model.

Behind schedule: Regarding the cytokine neutralization experiments using antibody administration, clear inhibitory effects have
not yet been observed. Consequently, we are currently optimizing both the murine model and the administration protocols,
specifically focusing on dosage and timing.

8) & (A (References)

Ref.1) Yoshimura T, Kamijo S, Ichikawa S, Kimitsu T, Masutani Y, Shimizu S, Takada K, Ogawa T, Tominaga M, Takamori K, Ogawa
H, Okumura K, lkeda S, Takai T. Antigen protease activity with a detergent induces severe skin inflammation with itch and robust
T helper 17/T helper 22 differentiation in mice. J Invest Dermatol. 143:2314-2318.e3 (2023).

Ref. 2) Kimitsu T, Kamijo S, Yoshimura T, Masutani Y, Shimizu S, Takada K, Suchiva P, Ogawa H, Okumura K, lkeda S, Takai T.
Antigen protease activity on intact or tape—stripped skin induces acute itch and T helper sensitization leading to airway
eosinophilia in mice. JID innov. 4:100239 (2023)

Ref. 3) Kamijo S, Takeda H, Tokura T, Suzuki M, Inui K, Hara M, Matsuda H, Matsuda A, Oboki K, Ohno T, Saito H, Nakae S, Sudo
K, Suto H, Ichikawa S, Ogawa H, Okumura K, Takai T. I[L-33—-mediated innate response and adaptive immune cells contribute to
maximum responses of protease allergen—induced allergic airway inflammation. J Immunol 190:4489-99 (2013)
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Research theme Using mouse cancer models to development of novel cancer vaccines
1. AEBE)
1) B #9(Goal)

The goal of this study is to clarify the mechanism by which cPLs(Combined phospholipids adjuvant augments) promote dendritic
cell maturation and to explore their potential clinical application as a novel cancer vaccine adjuvant.

2) B4 & (Approach)

We evaluated the effects of cPLs on dendritic cells using bone marrow derived dendritic cellstBMDCs) and the DC cell line
XS106, and also examined related responses in the macrophage cell line Raw264.7. Based on previous findings, we further
focused on TIM—4 and integrin S-related signaling pathways. We also tested dried cPLs prepared by vacuum and nitrogen gas
treatment to assess their suitability for future clinical use.

3) # %l &7 % (Materials and methods)

BMDCs, XS106 cells, and Raw264.7 cells were stimulated with different concentrations of cPLs. The expression of DC maturation
markers, such as CD40, CD80, CD86, and MHC-II, was analyzed mainly by flow cytometry. Different formulations of cPLs,
including dried preparations processed by vacuum and nitrogen gas, were also tested. RNA-seq will be performed to identify
downstream signaling pathways.

4) EER$E R (Results)

We established the experimental system for cPLs stimulation in BMDCs, XS106 cells, and Raw264.7 cells. cPLs increased the
expression of DC maturation markers, and an optimal concentration range was identified. The current results suggest that cPLs
may promote DC maturation through TIM—4— and integrin B-related signaling. In addition, dried cPLs preparations also showed
biological activity in the tested cell systems.

i. cPLs adjuvant augmented BMDC maturation and anti—tumor response in mice.

cPLs adjuvant treatment augmented the anti-tumor response in mice. cPLs adjuvant augmented BMDC maturation and cytokine production.
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1. MR E(2)
ii. cPLs promote the maturation of dendritic cell and macrophage cell lines in vitro, and vacuum— and nitrogen—dried cPLs retain
activity for potential clinical application

Day 0 Day 2 Day 5 Day 7

mouse bone marrow

Primary DG Change Medium U~ Facs
GM-CSF GM-CSF GM-CSF GM-CSF GM-CSF
IL-4 IL-a L-a -4 I-a
LPS cPLs

1109 well

5)#%& %X (Discussion)

These findings support the idea that cPLs can enhance dendritic cell maturation and may be useful as an immune adjuvant. The
involvement of TIM—4 and integrin B suggests that specific receptor-mediated signaling pathways may contribute to this effect.
Further transcriptomic and functional analyses are needed to clarify the downstream mechanisms and translational potential.

6) BUDWEEELEL. REDES R RO BECEEHE (Self-assessment of the current progress compared to the initial
research plan.)

DFRELLEIZHEH L TLVS (Progressing more than expected.)

@BHDHIARA (Mostly on track)

@PPENTLYS  (Slightly behind schedule)

@KMEIZBN TLVS (Significantly behind schedule)

DEELYEATOINBELEENTLWDIRE. RUZDER

(Contents that are ahead of schedule and those that are behind schedule, along with the reasons.)

The establishment of the cell culture systems, optimization of cPLs stimulation conditions, and evaluation of DC maturation
markers have progressed well. Exploratory findings related to TIM—4 and integrin B signaling have also been obtained.

On the other hand, some downstream mechanistic analyses and in vivo experiments are delayed compared with the initial plan.
This is mainly because additional experiments were needed to optimize the concentration and formulation of cPLs, including the
dried preparation for future clinical application

8) 5% ik (References)
Shui Y, Hu X, Hirano H, Tsukamoto H, Guo WZ, Hasumi K, ljima F, Fujino M, Li XK. Combined phospholipids adjuvant augments
anti—tumor immune responses through activated tumor—associated dendritic cells. Neoplasia. 2023 May;39:100893.
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Analysis of the Interaction Between the Microbiota and Stress Responses During the Development of
Atopic Dermatitis

Research theme

1. ARBE )
1) B #9(Goal)

- To investigate the potential molecular mechanisms of M. canis hyphal elongation in S/N limited medium.

- To explore the mechanisms of the lesions of tinea corporis tend to expand centrifugally.

- Strengthen the knowledge of the pathogenesis of M. canis with the aim of achieving effective treatments, as well as the prevention
and control of infection.

2) EkB& (Approach)

- Two strains cultured in S/N media with different concentrations.

- Extracted RNA for RNA sequencing and obtained hundreds of differrentially expressed genes.

- KEGG and GO enrichment analysis using R language were performed to select the candidate genes.

- Verified the candidate genes by gPCR.

- The gqPCR-validated candidate genes were further screened and subsequently verified by gene knockout.

3) #t ¥ &A% (Materials and methods)

RNA extraction: Total RNA was extracted from cultured fungal mycelia. Briefly, fungal biomass was collected and rapidly ground into
a fine powder in liquid nitrogen. The powder was then thoroughly mixed with lysis buffer to ensure complete disruption of the sample.
After centrifugation to remove impurities, the supernatant was transferred to a spin column to allow RNA binding to the silica
membrane. The column was subsequently washed stepwise to remove proteins, polysaccharides, and other contaminants, and total
RNA was finally eluted with RNase—free water. RNA concentration and purity were measured using Cytation. Qualified RNA samples
were stored at —80°C for subsequent reverse transcription, gPCR, and transcriptome sequencing analyses.

Enrichment analysis using R: Functional enrichment analysis of differentially expressed genes was performed using R. First,
differentially expressed genes were identified from the transcriptome sequencing data and organized into a gene list. R software (e.g.,
version 4.3.0) and related packages, including clusterProfiler, enrichplot, and ggplot2, were used to perform Gene Ontology (GO)
enrichment analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis. After converting the
selected differentially expressed genes into the corresponding gene IDs, GO analysis was carried out for the categories of biological
process (BP), cellular component (CC), and molecular function (MF), and KEGG analysis was performed to identify significantly
enriched pathways. An adjusted P value or false discovery rate (FDR) < 0.05 was used as the threshold for significant enrichment.
The significantly enriched results were finally visualized using bubble plots, bar plots, and other graphical formats.

The selection of genes based on enrichment analysis results:

- Differential expression intensity ([log2FC| and pad;)

- Expression abundance (to facilitate gqPCR), filtering out low expression

- Genes that repeatedly appear in multiple terms within enriched pathways indicate representativeness
- The cnetplots

- The gene’s position in the pathway

- Literature evidence

The mRNA expression levels of the target genes were determined by quantitative real-time PCR (qPCR). Total RNA was reverse—
transcribed into cDNA, which was then used as the template for amplification with a SYBR Green qPCR kit. The PCR reaction
mixture typically consisted of SYBR Green Mix, forward primer, reverse primer, cDNA template, and nuclease—free water, with a total
volume of 20 L. The amplification conditions were as follows: 95°C for 2min, followed by 39 cycles of 95°C for 5s and 60°C for 30s;
a melting curve analysis was then performed at 95°C for 5s, 65°C for 5s, and 95°C for 5s. After amplification, melting curve analysis
was used to verify the specificity of the PCR products. Relative expression levels of the target genes were calculated using the 2"—
A A Gt method with a reference gene as the internal control. Two technical replicates were set for each sample, and at least three
samples were included in each group.
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1. BAEEEE (2)

4) EERHER (Results)

‘RNA-seq identified several hundred differentially expressed genes. Take the intersection of the two strains, there are 400 up—
regulated and 452 down-regulated genes in S/N limited medium.

-Enrichment analysis highlighted the “sulfur compound metabolic process” pathway. The dot plot of the enrichment analysis shows
that the “sulfur compound metabolic process” is significantly enriched. The bar plot also shows the same conclusion.

-9 genes were selected for gPCR, and showed a significantly or tend of upregulation in S/N limited medium.

5) & %2 (Discussion)

The enrichment analysis based on the transcriptomic data showed that sulfur metabolism significantly affects the hyphal growth
rate. Four genes in this pathway were validated by gqPCR and showed significant differential expression, which may represent the
metabolic prerequisite for hyphal elongation.

In addition, genes associated with hyphal elongation were further screened based on the literature, and their upstream—downstream
relationships were determined. As a result, six significantly upregulated genes and three genes showing an upward trend were
identified.

In this study, the functions of the differentially expressed genes were mainly concentrated in nutrient/sulfur metabolism, regulation
of membrane lipid synthesis, and cell wall structure and remodeling. Among the significantly upregulated genes, Sulfate permease I
is involved in extracellular sulfate uptake, suggesting that under nutrient-limited conditions, the pathogen enhances its ability to
acquire exogenous sulfur sources. MET3 and CYS3 are associated with sulfur assimilation and sulfur—containing metabolic
processes, whereas THI4 is involved in cellular metabolism and cofactor biosynthesis. Together, these changes indicate that sulfur
metabolic reprogramming may provide an important basis for maintaining fungal growth and adapting to environmental stress.

On the other hand, ERG13, a key enzyme in the early mevalonate pathway of ergosterol biosynthesis, was upregulated, suggesting
that the fungus may maintain membrane structural stability and growth demands by enhancing sterol synthesis. Meanwhile, the
significant upregulation of kinesin motor protein suggests that vesicle transport is enhanced, which would facilitate the targeted
delivery of cell wall-related proteins and cell wall remodeling, thereby supporting hyphal tip growth and morphogenesis. In contrast,
TEF4, which was not significantly upregulated, mainly affects the translation efficiency of gene—encoded proteins. Sre1/SREBP
(CPH2) functions as a transcriptional regulator that senses membrane sterol deficiency, hypoxia, and drug inhibition, and regulates
sterol and sphingolipid modules, whereas PhiA-like cell wall protein is involved in the construction of the cell wall protein scaffold.

Taken together, these results suggest that the adaptive changes of the fungus under the present conditions may depend primarily
on enhanced sulfur utilization, adjustment of membrane lipid synthesis, and vesicle transport-mediated cell wall remodeling, rather
than on the synchronous significant activation of all upstream regulatory nodes.

6) BYDIEEELEL, IREDES R RO B CEEE (Self-assessment of the current progress compared to the initial research
plan.)

OFAELLEIZHEH L TLVS (Progressing more than expected.)

@&HLHIEFR (Mostly on track)

Q@PPENTLVS (Slightly behind schedule)

@KMEIZEN TULNS (Significantly behind schedule)

DEELYEATNIRBEENTLDIHNE. RUZTOER
(Contents that are ahead of schedule and those that are behind schedule, along with the reasons.)

Contents completed ahead of schedule: In addition, I acquired experimental techniques for RNA and DNA extraction from skin
pathogens (S. aureus and M. canis), mouse handling and experimental procedures, and the basic techniques for skin microbiota
analysis. I also performed sampling, DNA extraction, and microbiota analysis in the atopic dermatitis model mice (K5Cre Stat3f/f).
Furthermore, I found that, in pre—disease—stage K5Cre Stat3f/f mice, the composition of the microbiota differed between the group
that later developed disease and the group that did not. This finding suggests that, similar to humans, dysbiosis may be associated
with the subsequent development of atopic dermatitis—like symptoms.

Reason: The main reasons these tasks were completed ahead of schedule are that the preliminary literature review and
experimental preparation were sufficiently thorough, and the research plan was relatively well defined. In addition, with guidance from
my supervisor and support from laboratory members, | was able to master the relevant experimental techniques quickly, which
reduced the time required for methodological trial and error. Furthermore, the availability of experimental materials and platform
conditions ensured that the experiments could be carried out smoothly, allowing part of the research to progress ahead of the
original schedule.

8) 5% Uik (References)

1.Liu X, Jiang J, Yin Y, Ma Z. Involvement of FgERG4 in ergosterol biosynthesis, vegetative differentiation and virulence in Fusarium
graminearum. Mol Plant Pathol. 2013;14(1):71-83. doi:10.1111/j.1364-3703.2012.00829 .x.

2.Gachotte D, Pierson CA, Lees ND, Barbuch R, Koegel C, Bard M. A yeast sterol auxotroph (erg25) is rescued by addition of azole
antifungals and reduced levels of heme. Proc Natl Acad Sci U S A. 1997;94(21):11173-11178. doi:10.1073/pnas.94.21.11173.
3.0ulmouden A, Karst F. Isolation of the ERG12 gene of Saccharomyces cerevisiae encoding mevalonate kinase. Gene.
1990;88(2):253-257. doi:10.1016/0378-1119(90)90039-T.
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-27-




MEEES: P4615

1. BIRBE(3)

6.Chung D, Barker BM, Carey CC, Merriman B, Werner ER, Lechner BE, et al. ChIP-seq and in vivo transcriptome analyses of the
Aspergillus fumigatus SREBP SrbA reveals a new regulator of the fungal hypoxia response and virulence. PLoS Pathog.
2014;10(11):e1004487. doi:10.1371/journal.ppat.1004487.
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Research theme Elucidate the relationship between mitophagy dysfunction and mechanical stress in bone
1. AEBE)
1) B#I(Goal)

This project aims to determine whether BNIP3/NIX plays a role in controlling osteoblast metabolism and bone remodeling under
mechanical stress.

2) BiR& (Approach)

1.To test above hypothesis, we will integrate:1, in vivo mechanical unloading models; 2, cellular mechanotransduction assays; 3,
mitochondrial functional analysis; 4, bone structural phenotyping.

2. Aim 1 — Determine the skeletal phenotype under mechanical unloading.Rationale:Mechanical loading is essential for maintaining
bone mass. Preliminary evidence suggests BNIP3/NIX-mediated mitophagy may regulate mitochondrial adaptation(1).Experimental
design: BNIP3/NIX knockout and WT mice will be subjected to:

1,Baseline condition2,Hindlimb unloading3,Reloading phase. Bone structure will be analyzed using:1,micro—CT analysis (BV/TV, Tb.Th,
Tb.N, Tb.Sp, Ct.Th)2 histological analysis (TRAP, ALP)3:serum markers (P1NP, CTX-I). Expected outcome: We anticipate that
BNIP3/NIX deficiency will impair skeletal adaptation to mechanical unloading, resulting in altered bone remodeling dynamics.

3. Aim 2 — Define BNIP3/NIX-dependent mechanotransduction in osteoblasts.Rationale:Mechanical stimulation triggers early signaling
events including Ca* influx and mitochondrial stress. We hypothesize BNIP3/NIX links mechanotransduction to mitochondrial quality
control. Experimental design:Primary osteoblasts or MC3T3-E1 cells will undergo mechanical stimulation:Mechanical strain models.
We will measure: Early signaling: 1, intracellular Ca* dynamics 2, mitochondrial Ca** uptake. 3, Mitochondrial response:1, mitochondrial
membrane potential;2, mtROS production;3, mitochondrial morphology. 4, Mitophagy assessment: 1, mtKeima;2, LC3 colocalization 3,
BNIP3/NIX-dependent pathway analysis.Expected outcome: BNIP3/NIX loss is expected to preserve early mechanosensing signals
but disrupt mitochondrial adaptation.

4. Aim 3 — Metabolic adaptation downstream of mitochondrial remodeling.Rationale: Mitochondrial quality control regulates metabolic
flexibility required for osteoblast function under mechanical load. Experimental design: 1. Metabolic profiling will be performed using: 1,
Seahorse extracellular flux analysis 2, ATP production analysis 3, glycolysis vs oxidative phosphorylation balance. Expected outcome:
BNIP3/NIX deficiency is expected to impair oxidative metabolism and induce compensatory metabolic shifts.

3) #¥4 &4 3% (Materials and methods)

BNIP3/NIX knockout mice and wild—type littermates were used in this study.Mechanical unloading was induced using the hindlimb
unloading (HLU) model for 1 weeks (2). Tibiae / lumbar vertebrae were fixed in 4% paraformaldehyde and scanned using a high—
resolution micro—CT system. Parameters measured:1,BV/TV 2,Tb.Th 3,Tb.N 4, Tb.Sp 5,Ct.Th. 3. Histological analysis:Bone samples
were decalcified and embedded for sectioning. Staining methods included:1, TRAP staining (osteoclast activity) 2,ALP staining
(osteoblast activity) 3,Toluidine Blue / Fast Green (bone morphology)

4) RE#E R (Results)

We first examined the baseline skeletal phenotype in BNIP3/NIX knockout (KO) mice. Micro—CT analysis revealed that trabecular
bone volume (BV/TV) was significantly decreased in the tibia of KO mice compared to wild—type (WT) controls. In contrast, no
significant difference was observed in the lumbar vertebrae between KO and WT mice.

Given that tibial bone is highly sensitive to mechanical loading whereas vertebral bone is relatively less load—dependent, these
findings suggested that BNIP3/NIX deficiency may preferentially affect load—-bearing skeletal sites.

To further investigate whether BNIP3/NIX is involved in mechanical stress adaptation, we subjected KO and WT mice to hindlimb
unloading . Following hindlimb unloading, trabecular bone loss in the tibia was markedly exacerbated in KO mice compared to WT
mice.

We then performed reloading experiments after one week of unloading. In WT mice, partial recovery of bone volume was observed at
4 days and 7 days after reloading. However, KO mice failed to show significant recovery during the reloading phase.

Together, these findings suggest that BNIP3/NIX plays a role in skeletal adaptation to mechanical stress.
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1. REHRE(2)
5) Z% (Discussion)

In this study, we identified a site—specific skeletal phenotype in BNIP3/NIX knockout mice. Trabecular bone loss was observed in
the tibia but not in the lumbar vertebrae under baseline conditions. Given that the tibia is highly responsive to mechanical loading,
whereas vertebral bone is less mechanically sensitive, these findings suggest that BNIP3/NIX may be particularly important for load—
dependent skeletal maintenance.

Under mechanical unloading conditions, BNIP3/NIX deficiency led to exacerbated bone loss in the tibia. This indicates that
BNIP3/NIX may contribute to adaptive responses to mechanical stress. Furthermore, during the reloading phase, wild-type mice
showed partial recovery of bone volume, whereas knockout mice failed to demonstrate significant restoration. These results imply
that BNIP3/NIX may be required not only for protection against unloading-induced bone loss but also for effective skeletal recovery
following mechanical reloading.

Taken together, our findings support a model in which BNIP3/NIX participates in mitochondrial adaptation processes that are
necessary for load-induced bone remodeling. Given the established role of BNIP3/NIX in mitochondrial quality control, it is plausible
that impaired mitochondrial remodeling under mechanical stress contributes to the observed skeletal phenotype.

However, the precise cellular and molecular mechanisms remain to be clarified. In particular, whether BNIP3/NIX directly regulates
mechanotransduction signaling or acts downstream through mitochondrial metabolic adaptation requires further investigation.

Future studies will focus on defining the mitochondrial functional changes in osteoblasts under mechanical stimulation and
determining how BNIP3/NIX-dependent mitophagy contributes to skeletal mechanoadaptation.

) MO EFTEEL L. REDEH K RODBEB M (Self-assessment of the current progress compared to the initial
research plan.)

@V HENTILVS (Slightly behind schedule)

D ELVEATNIRNBTLEENRTLSIRE. RUZTOEEH

(Contents that are ahead of schedule and those that are behind schedule, along with the reasons.)

Previously, we aimed to investigate the role of BNIP3/NIX-regulated mitophagy in chondrocytes. However, our preliminary findings
suggested that BNIP3/NIX-mediated mitophagy may play a more significant role in bone cells. Therefore, we adjusted the research
focus accordingly.

8) 3% 3 #k (References)

(1)Yamashita SI, et al. Mitophagy reporter mouse analysis reveals increased mitophagy activity and ROS production in disuse—
induced skeletal muscle atrophy. J Cell Physiol. 2021;236:7155-7168.

(2)Yamashita SI, et al. Mitophagy mediated by BNIP3 and NIX protects against ferroptosis through regulation of mitochondrial ROS.
Cell Death Differ. 2024.
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Research theme Generation of functional kidney organoids by securing urine flow

1. ARBE )
1) B #9(Goal)

To promote the further maturation of functional kidney organoids by establishing and maintaining a urinary outflow pathway .

2) ExB% (Approach)

Using transplantation models of mouse embryonic kidneys and kidney organoids, we aim to explore strategies for constructing a
urinary outflow pathway, and to investigate the role and underlying mechanisms by which establishing and maintaining stable urine
flow promote the further development and maturation of embryonic kidneys and kidney organoids.

3) #t ¥ &A% (Materials and methods)

Intact bilateral kidneys, ureters, and cloaca (which will later develop into the bladder) were isolated from E12.5 embryos of B6
mice and transplanted into adult recipient mice. After a period of further growth and development in vivo, a second surgery would
be performed to establish a stable urinary outflow tract.

Initially, different transplantation sites—such as the peritesticular fat region[1] and the para—aortic region—were tested to
evaluate the developmental outcomes of the embryonic kidneys, ureters, and bladder in order to identify the optimal site that
both supports kidney growth and facilitates secondary surgery for urinary flow reconstruction.

Adult mouse bladders and PO neonatal mouse bladders were used to test various miniature surgical instruments for urinary tract
reconstruction, in order to determine the optimal combination of fine needles and catheters and to establish standardized
operative procedures for constructing and maintaining urine flow.

The optimized microsurgical tools and procedures would then be applied to transplanted embryonic kidneys to establish stable
and continuous urine flow after transplantation. In collaboration with laboratory members, similar approaches will also be applied
to transplanted kidney organoids[2] to construct and maintain a urinary drainage pathway.

Subsequently, morphological assessment, histological staining, and single—cell RNA sequencing will be performed to compare the
developmental status of embryonic kidneys and kidney organoids under conditions with or without maintained urine flow. This will
allow investigation of the impact of urine flow on kidney development and underlying mechanisms, and ultimately facilitate the
generation of more mature and functional kidney organoids through securing urinary flow.

4) EERHE R (Results)

Through practice, | have mastered the complete isolation of E12.5 mouse embryonic kidneys, ureters, and cloaca. We have also
established preliminary microsurgical instruments and operative procedures for constructing and maintaining urine flow, which
were validated in both adult and PO neonatal mouse bladders.

We initially attempted transplantation into the peritesticular fat pad. However, after two weeks of growth, we observed that
surrounding adipose tissue tended to envelop and cover the graft, making it difficult to expose the bladder during the second
surgery for developmental assessment and catheter insertion.

Subsequently, we shifted to transplantation into the para—aortic region. Based on published studies of para—aortic transplantation
of rat embryonic kidneys by Prof.Yokoo's group at Jikei University[3—4], we have practiced similar procedural in mice and
performed such transplantation in mice. Then, we will check the development result of para—aortic transplantation in mice and
proceed with puncture and catheterization to establish urinary outflow.
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5)Z 22 (Discussion)

For organoids to reach clinical maturity, both cell quality and spatial structure must meet certain requirements. At the spatial
structure level, artificially creating specific structures is sometimes necessary and serves as a crucial window for surgical
interventional organoid research and application. The research conducted under the guidance of Professor Nishinakamura is a
typical example. Artificially constructing urinary channels is necessary to make the organoids more functionally complete, which in
turn further promotes cell differentiation and maturation.

However, this study involved many variables. Different transplantation sites lead to different growth patterns of the embryonic
kidneys, ureters, and bladder after transplantation. The invasion of host blood vessels after transplantation is somewhat random
and may vary significantly across different experiments. Besides, the cloaca, from which the rectum and bladder both develop,
also exhibited a certain degree of variability during development. When transplanted into the paratesticular fat tissue in the early
experiments, a distinct intestinal structure can be observed after HE stained.

Transplantation into the paratesticular fat tissue also involves a degree of randomness in graft placement, and the encapsulation
of the adipose tissue causes inconvenience for subsequent observation and secondary surgery. Therefore, we later decided to
use a method of transplanting the graft next to the aorta, which allows direct visualization of the graft. The aortic blood flow
pressure and volume are greater, and the surrounding space is larger, which may help with kidney and bladder development, urine
production, and facilitate the secondary surgery. We also referenced the research of Professor Yokoo's team at Jikei University
and discussed the technical details with them. However, their experiments were conducted in rats, specifically using E15 rat
embryonic kidneys, which are relatively more mature than E12.5 mouse embryos. Therefore, there is some new exploration
required in mouse research. Fortunately, we have already established the necessary tools and procedure. The research is still
ongoing.

6) BFDWMETE L BEDESH IR RO BT HE (Self-assessment of the current progress compared to the initial
research plan.)

DOF B LLEIZHER L TLYS (Progressing more than expected.)

@B HLT1ESEH (Mostly on track)

QPP EITLVS (Slightly behind schedule)

@KIEIZE A TLVS (Significantly behind schedule)

DEHELYEATNIRNEEENTVDIRE. RUZDER

(Contents that are ahead of schedule and those that are behind schedule, along with the reasons.)

At present, limited progress has been made in the critical step of puncturing and catheterizing the hydronephrotic bladder after
transplantation.

There are two main reasons for this. First, mastering the transplantation procedure itself required a considerable amount of time
for me. To ensure technical proficiency and avoid operational errors, I spent more time than necessarity to practice in the early
stage, partly due to a lack of confidence in performing the procedure. Fortunately, after some independent surgeries, in which |
did well recently, I have gained confidence.

Second, growth of the graft inside the host is affected by many factors, so it's a little more complicated than expected. The
original plan was to transplant the grafts into the peritesticular fat region. However, during post—transplantation observation and
secondary surgery, it's not easy and smooth as expected, which necessitated adjustments to the experimental design.

We have now shifted to transplantation in the para—aortic region. After some practice according to advice from Prof. Yokoo's
group in Jikei University, now we have conducted para—aortic transplantation and are awaiting for the result. With this
optimization, we expect to achieve meaningful progress in the near future and continue to advance the research as planned.
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5. AET—TIZEHAMDOHFTEIBE ZH5 Other research grants concerned with your resarch theme
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7. WIS EENCRE 9 D ERIEFHE K Press release concerned with your research activities
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MEFREK O0& W= HXKREARAH

Press release Date of release

FRHEE

Released medium

Eick i

Release method

HRIAML
Released title

“HhE -HE -Web site -FEAEARK - TOH(
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