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Research theme Identification of the disease progression factors in amyotrophic lateral sclerosis using metallomics
BEIER mXiEL O SRRt v
1. AEBE ()
1) B #9(Goal)

Amyotrophic lateral sclerosis (ALS), a fatal neurodegenerative disease characterized by the degeneration of both upper and lower
motor neurons, is a multifactorial disorder that develops through complex interactions between genetic predisposition and
environmental exposures [1]. Various environmental exposures, including metals, physical trauma, and air pollution, have been
reported as potential risk factors for ALS disease onset [2]. Metals play essential roles in physiological processes in the central
nervous system, including protein synthesis and DNA replication, and may influence the formation of abnormal protein aggregates,
which are pathological hallmarks of ALS. Elevated concentrations of metals such as iron, copper, and zinc have been reported in
the spinal cord and body fluids of patients with ALS [3]. However, correlations between metal concentration and clinical
parameters have not been sufficiently investigated, and the role of metals in disease progression remains unclear. Therefore, the
aim of this study is to identify metals associated with disease progression in ALS through a comprehensive analysis of metal
concentrations in the cerebrospinal fluid (CSF) and serum obtained from patients with ALS. The findings of this study will not
only contribute to the identification of novel environmental exposures involved in ALS disease progression but also provide a
foundation for personalized therapeutic strategies, such as the appropriate use of metal chelators based on dynamic changes in
metal concentration.

2) Bk B& (Approach)

Metallomic analysis will be performed using CSF and serum samples collected on the same day from patients with ALS and non—
ALS patients, and the metal concentrations will be compared between two groups. Through this comparison, metals whose
concentrations are significantly altered in patients with ALS will be identified. Furthermore, by investigating correlations between
metal concentrations and clinical parameters such as the revised ALS functional rating scale (ALSFRS-R) and percent forced
vital capacity (%FVC), we aim to identify metals that influence disease progression in ALS.
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3) # ¥l &A% (Materials and methods)

1. Human participants

This study was approved by research ethics committees of Tsukuba University Hospital (approval numbers: R04-275 and RO7—
165). Written informed consent was obtained from all patients. We included 21 patients with sporadic ALS, all of whom were
either outpatients or hospitalized at the Tsukuba University Hospital, Japan, between April 2025 and December 2025. None of the
ALS patients had first— or second—degree relatives diagnosed with ALS. All ALS patients were diagnosed according to the
updated Awaiji criteria [4] and were clinically characterized using a battery of parameters, including the ALSFRS-R and %FVC.
Among these ALS patients, 13 cases have been followed longitudinally, and their clinical parameters have been assessed over
time.

2. CSF and serum sample collection

CSF samples were obtained by standard lumber puncture procedure in the fasting state around noon. Blood samples were
collected in the fasting state within 6 hours of CSF collection. CSF and blood samples were centrifuged at 3,000 rpm for 15
minutes at 4 ° C, and the supernatants were aliquoted into cryotubes, 500 uL for CSF and 200 L for serum, and stored at —80
° C until further analysis.

3. Measurement of metal concentration in CSF

To optimize the appropriated sample volume, we used CSF samples obtained from non—ALS patients. The CSF was aliquoted into
either 50 pL or 250 pL, followed by the addition of nitric acid and hydrogen peroxide and subsequent heating for digestion. After
incubation at room temperature, an internal standard solution was added, and the samples were diluted with ultrapure water to a
final volume of 2.5 mL to prepare the measurement samples. Metal concentrations were then measured using inductively coupled
plasma mass spectrometry (ICP-MS).

4) EER#ER (Results)

Using 250 u L of CSF derived from non—ALS patients, concentrations of 20 trace elements (Li, B, P, S, K, Ca, V, Mn, Fe, Cu, Zn,
As, Se, Rb, Sr, Ag, Cd, Cs, and TI) were successfully quantified. The measurements demonstrated good reproducibility and stable
inter—individual variability, indicating that this sample volume is sufficient for reliable metallomics analysis.

5) &% (Discussion)

Since metal concentrations can be reproducibly quantified from 250 1 L of CSF, comprehensive metallomic analysis using both
CSF and serum samples derived from ALS patients and non—ALS patients will be feasible. Identification of metals that differ
significantly between ALS and non—ALS patients may lead to the development of novel diagnostic biomarkers. Moreover, if their
concentrations correlate with clinical parameters, these metals may serve as biomarkers for predicting disease progression.

6) & ik (References)

1. Ann Neurol 95:635, 2024

2. Nat Rev Neurol 19:617, 2023

3. Signal Transduct Target Ther 10:31, 2025
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Research theme .
therapy against refractory glioblastoma

Rl a3t a PRI L

1. WHFEMEEE (1)

13 Bi (Goal)

The objective of this study is to develop a novel sustained-release local drug delivery system based on
poly( e —caprolactone) nanofiber mesh (PCL-NFM) for the treatment of glioblastoma (GBM). Glioblastoma remains
one of the most aggressive primary brain tumors, characterized by high recurrence rates and resistance to
conventional therapies. Although temozolomide (TMZ) is the current standard chemotherapeutic agent, its
clinical efficacy is limited by intrinsic and acquired resistance, systemic toxicity, and insufficient local
drug retention. To overcome these limitations, this study aims to incorporate TMZ together with the HSP30
inhibitor TAS-116 into a biodegradable PCL nanofiber mesh, enabling sustained and localized drug release at
the tumor site. The ultimate goal is to enhance therapeutic efficacy, improve radiosensitization, reduce
systemic side effects, and suppress tumor recurrence through a combined chemo-radiotherapy strategy.

2 gHE CApproach)

To achieve this goal, we adopted a multidisciplinary strategy integrating biomaterials engineering, tumor
cell biology, and radiation oncology

First, the in vitro cytotoxic and radiosensitizing effects of TMZ and TAS-116 were systematically evaluated
in U87MG human glioblastoma cells. Dose - response analyses were performed to determine ICgy values, followed
by drug - drug interaction analysis using a dose matrix approach and synergy modeling (ZIP model and
combination index analysis).

Second, PCL-based nanofiber meshes incorporating TMZ and/or TAS-116 were fabricated via electrospinning
Morphological characterization and in vitro drug release kinetics were analyzed to confirm stable drug
incorporation and sustained release behavior

Finally, therapeutic efficacy was evaluated in vivo using a subcutaneous UBTMG xenograft model in nude mice
Drug—loaded PCL-NFMs were locally implanted onto tumor surfaces, and treatment efficacy was assessed with or
without fractionated X-ray irradiation.

3) ElE ¥ (Materials and methods)

(1) In Vitro Drug Sensitivity and Synergy Analysis

UBTMG human glioblastoma cells (HTB-14; ATCC) were cultured in E-MEM supplemented with 10% fetal bovine serum
and antibiotics under standard conditions. Cytotoxicity was evaluated using the CytoTox-Glo™ Luminescent
Cytotoxicity Assay after 48 - 72 hours of exposure to TMZ (0 -500 uM) and TAS-116 (0-3 uM). Drug-drug
synergy was analyzed using a 6X6 dose matrix and calculated with SynergyFinder (ZIP model). A ZIP score »>10
was considered strong synergy. Additionally, combination index (CI) values were calculated based on ICg
values to confirm synergistic interactions.

(2) Radiosensitization and Clonogenic Survival

For radiosensitization experiments, cells were pretreated with TMZ and/or TAS-116 for 24 hours prior to X-ray
irradiation. Clonogenic survival assays were performed, and colonies containing =50 cells were counted after
18 days. The sensitizer enhancement ratio (SER) was calculated at 50% survival (SER = D _control /

D combination).

(3)Fabrication and Characterization of Drug-Loaded PCL-NFM

PCL-NFMs were fabricated by electrospinning using 8% (w/v) PCL dissolved in HFIP. TMZ and TAS-116 were
incorporated at optimized concentrations. Electrospinning conditions were maintained at 20 kV, 1.0 mL/h flow
rate, and 8 cm tip-to—collector distance. Fiber morphology was examined by scanning electron microscopy
(SEM). In vitro drug release was evaluated in PBS at 37° C for up to 45 days and quantified by UV-Vis
spectroscopy
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1. BFFEE (2
4) #H (Result)

(1) Cytotoxic and Synergistic Effect of TMZ and TAS116 in USTMG Cells: TMZ and TAS116 exhibited dose—
dependent cytotoxic effects in USTMG cells after 24 hours of treatment. The IC50 values determined by colony
formation assay were 138.1 uM for TMZ and 2.06 uM for TAS116. Following IC50 determination, the combination
effect of TMZ and TAS116 was evaluated using a dose-response matrix. Synergy analysis using the ZIP model
demonstrated an overall synergistic interaction between the two drugs, with a mean ZIP synergy score of
15.25. Enhanced cytotoxicity was observed across a broad range of concentrations, particularly around the
IC50 levels, indicating that TMZ and TAS116 synergistically enhance tumor cell killing in USTMG cells.

(2) Radiosensitization effect of TMZ and TAS116 :To evaluate the radiosensitizing effects of TMZ and TAS116,
UBTMG cells were treated with each drug alone or in combination with X-ray irradiation, and clonogenic
survival was assessed. X-rvay combined with 130 MM TMZ produced the strongest enhancement of radiation—induced
cell killing, with a sensitizer enhancement ratio (SER) of 2.51, Similarly, TAS116 pretreatment increased
radiation sensitivity, with 1.5 uM TAS116 yielding the highest radiosensitizing effect (SER = 1.65)
Triple-combination treatment (X-vay + TMZ + TAS116) consistently produced a lower surviving fraction than X-
ray alone or dual-combination treatments. In particular, the combination of X-ray with 130 MM TMZ and 2 BM
TAS116 demonstrated the strongest cell-killing effect across the tested radiation doses, indicating that
dual-drug pretreatment further potentiated radiation—induced cytotoxicity

(3) Characterization and drug release of PCL-NFM: PCL nanofiber meshes (PCL-NFM) incorporating TMZ and/or
TAS116 were successfully fabricated by electrospinning. SEM analysis showed Drug incorporation did not
disrupt the overall fibrous morphology, indicating good compatibility of TMZ and TAS116 with the PCL matrix
In vitro drug release studies demonstrated sustained release of both TMZ and TAS116 from PCL-NFMs for more
than 30 days. TMZ showed a relatively gradual release profile, whereas TAS116 exhibited a faster initial
release within the first 24 hours. Importantly, no burst release was observed, and both drugs reached a
cumulative release of approximately 45-50%, indicating stable and controlled drug release behavior.

(4) The effects of the drug-loaded PCL NFM in vitre and in vivo. Evaluate the cytotoxicity of drug—loaded
PCL. NFM by WST assay and colony assay at 24 hours. No significant cytotoxic effects were observed among the
TMZ fiber, TAS116 fiber, and the TMZ/TAS116 dual drug fiber. In 48 hours, TMZ-locaded and TAS-116-loaded
fibers significantly reduced cell viability, while TAS/TMZ dual-drug fibers showed the strongest cytotoxic
effect. Indicate that stained drug release from PCL nancfiber meshes leads to time-dependent cytotoxicity,
with dual-drug delivery providing superior tumer cell killing

5) %% (Discussion)

This study demonstrates the [feasibility of a sustained local chemo-radiotherapy strategy for glioblastoma by
incorporating TMZ and TAS-116 into a biodegradable PCL nanofiber mesh and combining this system with
radiotherapy. The main findings are that TMZ and TAS-116 exhibit synergistic cytotoxicity, both enhance
radiosensitivity, and PCL-NFM provides stable, sustained drug release while preserving biological activity.
TMZ remains the standard chemotherapeutic agent for GBM, yet therapeutic resistance and recurrence are major
clinical challenges. TAS-116, a selective HSP90 inhibitor, has the potential to disrupt multiple oncogenic
signaling pathways and stress-response mechanisms that contribute to tumor survival and radioresistance. In
this study, TMZ significantly enhanced radiosensitivity (SER up to 3.51), while TAS~116 also increased
radiation response (SER up to 1.65). Importantly, the triple combination consistently produced the lowest
clonogenic survival compared to single or dual treatments. These findings suggest complementary mechanisms

in which TMZ-induced DNA damage is further amplified by TAS-116-mediated impairment of stress-response and
repair pathways, resulting in enhanced radiation-induced cell death

A major obstacle in GBM treatment is maintaining sufficient drug concentration at the tumor site while
limiting systemic toxicity. Systemic TMZ administration is associated with adverse effects and variable tumor
penetration. The PCL-NFM platform demonstrated sustained release of both drugs for more than 30 days without
burst release, supporting its potential as a long-acting local delivery system Continuous exposure may help
suppress residual tumor cells during the critical post—treatment period and potentially reduce recurrence.
Although cumulative release reached approximately 45 -50% further optimization of drug loading and fiber
properties could enhance release efficiency.

Drug-loaded PCL-NFM retained biological activity, as demonstrated by time-dependent cytotoxicity in vitro and
enhanced tumor growth suppression in vivo when combined with radiotherapy. The absence of severe systemic
toxicity and acceptable local tolerance in the current model suppert the feasibility of this approach
Clinically, an implantable sustained-release system could be particularly valuable in the postoperative
setting, where residual infiltrative GBM cells remain at the resection margin

Several limitations should be addressed in future studies. The current in vivo model is subcutaneous and does
not fully reproduce the intracranial tumor microenvironment. Validation in orthotopic models is necessary. In
addition, mechanistic analyses examining DNA damage and repair pathways will clarify the molecular basis of
the observed synergy. Long-term safety and biodegradation characteristics of the mesh also require further
evaluation.

Overall, these findings support the development of a sustained local chemo-radiotherapy platform for
glioblastoma and provide a foundation for further preclinical validation and eventual clinical translation
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or international meetings.

MR % 62 [B A ABEBIER % R EMR R FE R AR
Conference |5 53 MIAIARIC & 2HlEs > K Y7 4

W Radiosensitization Nanofiber Mesh for Synergistic Treatment of GBM Using Sustained Drug
Topic Release
B H date 2025  fF 5 H 30 H | B venue {7 F Ak (FBLVY T NTEFATIH 6 )

B method |[] OEEFER  Oral .‘l‘\Xﬁ"‘f%ﬁ PosLe‘E 2] Languageilj H4E [JzE [ +EzE

O T TSt L —

Yoshitaka Matsumoto, Yu Sugawara, Yinuo Li, Hideyuki Sakurai
Co-presenter

AL D

e AAxEFERNYESE H5E FHAE

Conference

@ Radiosensitization Nanofiber Mesh for Synergistic Treatment of GBM Using Sustained Drug
Topic Release
BIfEH date 2025 ¢ 11 A 15 B venue ]Mlljc%é[%"%éﬁﬂ BHEMME Kk

ﬁ’_\: method AERFER Oral [ HAX— %ﬁ Poste Bk anguageilj A#xz [ [0 hEE

TIRRE R
Co-presenter
B

Conference

Yoshitaka Matsumoto, Yu Sugawara, Ylnuo Li, Hideyuki Sakurai

L AR T A 0 2 4 98 38 B 3 4T K

O Radiosensitization Nanofiber Mesh for Synergistic Treatment of GBM Using Sustained Drug
Topic Release

B H date 2025 4 11 A 27  H | B venue | HEEET +— 7 4

il method MEAFEHR Oral [7] RAX—FH Postel Fak Language RSN O hHEsE
L]

e 4

Yoshitaka Matsumoto, Yu Sugawara, Yinuo Li, Hideyuki Sakurai
Co—presenter

2L L
FRE o W SRR TS
Conference
| Radiosensitization Nanofiber Mesh for Synergistic Treatment of GEM Using Sustained Drug
Topic Release

B date 2026 & 2 A 08 H | Bl{EdL venue (2 W EFESEEYE

. method NEFER  Oral D“!‘?xﬂ %i% Posteimaﬁ Language {[] AA&#E [H#Em [ +E#H

Yoshitaka Matsumoto, Yu Sugawara, ‘1’1nuo Li, Hideyuki Sakurai
Co—presenter

4. ZH (WF5T 245 ) Avard (Research achievement)

2 W E{ﬁi?ﬂ%ﬂ# 5 E EHRE %fﬁﬁﬁ%‘jiﬁ
Award name Bt SEF
Country et Yeariof 2025 H 11 A
g *ﬁ ------ .
Award name [EiE4 -§ TR ra A
Country name Year of
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%
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6. fhD 2L 24 Another awarded scholarship

ceipt record

BhARHER 2R '
CRunding agency | s I ——
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Supported period
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7. WHEIEEh B 4 A IRIEFRF Press release concerned with vour research activities

WAL LR EERML T E &L, Attach a copy of the article described below
2 32 5 s =3
W T o OF TEERT
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8. R F—~ M4 245 HEEFE Patent application concerned with your research theme

HEAT5E BEIE
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)

Application

contents
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BhEINIESESSHECARGO—2O0EHEED s YEI7K
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THE NIPPON
5454 HREES: G4503 YEF B : 202643 A 318 FOUNDATION
K4 F &tm LI BOLUN R M 4£%AH 1992/10/7

hETEHERE) |BBERKZE (KERE)

BAMREGEEHE) |BAEN KPR AN FRE (G7 BARE #iR)

BT —<(A3) Hé%ﬁig;&:é?rbx A VT SUMEEREET VISH T SRR BB HMROERH DT T

The Investigation of Therapeutic or Preventive Effects of Adipose Derived Stem Cells on Radiation Induced
Research theme

Capsular Contraction Around Implant in Mouse Model
BEIE R mXiEL O REEL v
1. BAEBIE ()
1) B 89 (Goal)

Capsular contracture is one of the most common complications in Implant—based breast reconstruction, and it tends to become more
frequent and severe when a patient undergoes radiotherapy. On the other hand, adipose—derived stem cells have attracted attention
for their anti—fibrosis effects, such as their therapeutic effect on pulmonary fibrosis. They are theoretically able to suppress or alleviate
the formation of capsular contracture around implant. Therefore, we want to use a mouse model to investigate this.

2) BB (Approach)

We plan to create a capsular contract mouse model by irradiating inserted mini—implant in mouse, after the model is confirmed, we
isolated the mouse adipose derived stem cell from other mouse and transplanted them to the capsular contracted mouse. After a
period of waiting time, the capsule harvested and analyzed.

3) ¥ ¥} &5 % (Materials and methods)

24 black mice were used in this research, mini-Implant were placed under the panniculus carnosus muscle. 1 week after surgery. All
mice were randomly assigned into 4 groups, Group A was set up as control group and mice in this group did not receive irradiation and
injection. Mice in group B, C and D were irradiated 2 weeks after the surgery at a dose of 2Gy per day for 20 days to induce capsular
contracture. 1 week after irradiation, CT scanning was performed on all mice, and the results were used as a baseline for comparison
with results 6 months later. After that, mice in group B received peri—implant injection of culture medium, mice in group C received
peri—implant injection of ASCs, mice in group D received intraperitoneal injection of ASCs. The adipose derived stem cell we injected
was isolated from the inguinal fat of other mice, and passage 3 ASCs were used for in vitro experiment. Each mouse received 1 million
ASCs. 6 months after irradiation, CT scanning was performed again, and all mice were sacrificed. The capsule along with the soft tissue
and skin were harvested and then fixed. HE staining was performed for histological analysis of peri—implant capsule,
immunofluorescence of & ~SMA was performed. After that, we isolated ASC from ffLuc marked mouse and transplanted them to
capsular contracted mouse model by received peri—-implant injection or intraperitoneal injection and use IVIS to track the transplanted
ASC.

4) EERFER (Results)

Compared with the control group, the mean thickness in vehicle group is thicker than that in control group, and the mean thickness in
ASC treated group is thinner than that in control group and vehicle group, and all differences reach statistical significance. CT analysis
reveals that the distortion in vehicle group after irradiation is more severe than other groups. In IVIS tracking experiments, the
immigration to the capsular tissue of intraperitoneal injected ASC was revealed by IVIS system.

5) & %2 (Discussion)

Based on the results we have now, we believe that ASCs can alleviate the construction of capsules caused by irradiation, and it can
be supported by the evidence of CT scanning and H&E staining. However, the immunostaining results have not been completed yet, so
this will be the left goal for this research.
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BEEA
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F
= ~ [=N=[=]
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F1EEA F2EEFR EIEFH
First author Second author Third author

ZTOMmEES

Other authors

X4 2
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Published journal
7
= [=N-[=]
F A %(8) H Language
EXEEE HE2EESL EIEEA
First author Second author Third author

TOMmEES

Other authors

W4 3
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fii
l
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= ~ I=F-1=]
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F1EER F2EEFH
First author Second author Third author
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WX 4
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fBEEL
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ERE-F F2EEA
First author Second author Third author
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First author
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3. FRFFK Conference presentation XEBEELL THRE ERYRESLINFETRELELOERHL WIS
Ly,

X Describe your presentation as the principal presenter in major academic meetings including general meetings or international
meetings.

PN
FRE | B ARHS S KBTS (PSRC-ISPRES - TAATHHE)

Conference
E 8 The Investigation of Therapeutic or Preventive Effect of Adipose Derived Stem Cells on Radiation Induced Capsular
Topic Contracture in Mouse Model

BAfE B date 2024 & 10 A 18 H B venue HIR

2= method O8E%%FK Oral g HRRZ—FKZEK Poster| EFE Language O HAKEE BE O hEE

HREEES

Sowa Yoshihiro, Yoshimura Kotaro
Co—presenter

FRE | mEABEEREERE

Conference
p | The Investigation of Therapeutic or Preventive Effect of Adipose Derived Stem Cells on Radiation Induced Capsular
Topic Contracture in Mouse Model

B R date 2025 4 3 AR 21 B | FAfEH venue [HEIE

f2X method ABEHFK Oral o RRA—FHFK Poster EiE Language O BAXEE ®E O HhEE

HREEA

Sowa Yoshihiro, Yoshimura Kotaro, Yoshihiro Toyohara, Shino Higai, Natumi Saito
Co—presenter

FRA e
FEIEHAMRFR
Conference
B 8 The Investigation of Therapeutic or Preventive Effect of Adipose Derived Stem Cells on Radiation Induced Capsular
Topic Contracture in Mouse Model
BAfE B date 2025 & 12 A 6 =] BRfEHh venue EIR
2= method O8E%FK Oral g HRRZ—FFK Poster| EFE Language O HAKEE BE O hEE
HEEER
Co—presenter
o F
Conference
E
Topic
BA{E B date &£ A A BrfEHh venue
e method [0 HOEEHER Oral o RRAZ—FHFK Poster & Language 0 HAFE 0O HEFEF O HEE
HEEEL
Co—presenter
4. ZE (WFZE4E) Award (Research achievement)
2 W
Award name E4 REF T B
Country name Year of award
2 W
Award name E4 REF T J=|
Country name Year of award

-17-



M EES: G4503

5. KAERT—IZBEH LM DIFTTENRE ZHE Other research grants concerned with your resarch theme
RAGER
Recei;t record O# HE

BARKHEBE & 7
Funding agency
BIE4#
Grant name
S HmE N
Supported period 2 A &F B
ZHa%E -
Amount received
ZiaER
Receipt record O#x H &
BRHEE AT
Funding agency
B &R
Grant name
S HARE 5
Supported period F A F A
S

Amount received M
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HEFFEHKERE) ARBEEFRANSEREEF R EZEFR (B AEREEM)

BAHESL EEHE) | EMRFER B HIARMNAEEZZ0(EE 5hF HiR)

. EREECATIRXIEIE 1= —a  DEEEE R B NS O) AR E]
T — Eff - NEAERE - EREOLABBEID —

Intercultural Communication Issues in Medical Interviews and the Regulatory Role of Medical
Interpreters:Perspectives of Physicians, Foreign Patients, and Interpreters

BEFER MXiEL O FREEL v
1. EBE ()

1) B89 (Goal)
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2) BFZE A &t (Approach)

EE, BAOERRS TR, SHE-EBNEAEEFDEMIZHEL., BELSEEM - EMEEZL OEMEEENERTEETS
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Research theme The roles of TRPV4 in aminoglycoside—induced cochlear ototoxicity

BEIER mXiEL O RIEEL v
1. ARBE )
1) B #9(Goal)

Aminoglycoside (AG) antibiotics used for the treatment of infectious diseases accumulate in the cochlea and cause sensorineural
hearing loss due to cochlear damage, for which there is no fundamental treatment. Since the transient receptor potential vanilloid 4
(TRPV4) channel is considered to be involved in the AG influx into the cochlea, TRPV4 modulation could contribute to reduce
cochlear damage. The purpose of our study is to establish a novel treatment for AG-induced hearing loss using TRPV4 antagonist
and trigger a paradigm shift in the treatment of infectious diseases by minimizing the severity of hearing loss.

2) BB (Approach)

(1)Prevention for AG influx into the cochlea and hearing loss

AQG is systemically injected into mice and measured the accumulating amount of AG in the cochlea. We investigate TRPV4 antagonist
treatment could block the AG influx into cochlea and alleviate hearing loss.

(2)Protection of cochlear hair cells through the anti—apoptotic effect of TRPV4 antagonist
AG induces apoptosis of cochlear hair cells. We investigate the protective effect of TRPV4 on cochlear hair cells by organ culture,
and the reduction of cochlear apoptotic damage by TRPV4 treatment in vivo.

3) #t ¥ &A% (Materials and methods)

(1)Assessment of AG influx into cochlea and the effect of TRPV4 channel blockage
CBA male mice will be systemically injected GTTR (2mg/Kg), followed by systemic injection of TRPV4 antagonist. 24 hours after
GTTR treatment, cochleae were examined to detect the AG distribution in the cochlea, including the stria vascularis and HCs.

(2)Protection from AG-induced hair cell loss by TRPV4 treatment in organ culture
For organ culture study, C57BL6/J strain mice (P3"P6) will be used. AG-induced damaged cochlea will be reacted with TRPV4
antagonist, and cochlear histology is observed 48 hours later. The survival rate of HCs is quantified under confocal laser microscope.

(3)Cochlear preservation by TRPV4 treatment for AG-induced cochlear damage
CBA male mice will be systemically injected kanamycin (400 mg/Kg) and furosemide (400 mg/Kg), followed by systemic injection of
TRPV4 antagonist. Auditory brainstem response (ABR) were measured as auditory function. 1 week after treatment, cochleae were
examined to confirm cochlear pathology including the loss of HCs immunostained by Myosin7A, Neurofilament, and CtBP2.

4) EERFE R (Results)

(1)We developed a murine model of AG-induced hearing loss (AGHL) through the systemic co—administration of kanamycin (KM)
and furosemide (FS). This model was characterized by prominent outer hair cell loss and ribbon synapse degeneration with largely
preserved spiral ganglion neurons at the early stage, indicating that hair cells and synapses are the primary targets of KM/FS—
induced ototoxicity.

(2)We examined the dynamics of TRPV4 expression in naive mouse cochleae. Following KM/FS administration, intracochlear
TRPV4 expression was transiently upregulated within 3 hours and gradually returned to baseline within 1-3 days, indicating an acute
and reversible TRPV4 response to AG-induced cochlear stress.

(3)To examine the safety of TRPV4 modulation in auditory function, TRPV4 antagonists or agonists were administered
intraperitoneally and the pathophysiology was assessed. Systemic administration of a TRPV4 agonist or antagonist for three
consecutive days did not alter auditory function, hair cell survival, or spiral ganglion neuron integrity in mice. These results indicate
that short—term pharmacological modulation of TRPV4 is not intrinsically ototoxic and can be safely applied in subsequent KM—
induced ototoxicity experiments.
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(4)Pharmacological modulation of TRPV4 significantly altered susceptibility to KM—induced ototoxicity, with TRPV4 agonists
exacerbating hearing loss, hair cell degeneration, and ribbon synapse loss, whereas TRPV4 antagonists partially preserved auditory
thresholds and outer hair cell survival.

(5) We used Texas Red-labeled gentamicin (GTTR) to monitor GTTR dynamics within the cochlea. TRPV4 antagonists attenuated
hair cell apoptosis, while TRPV4 agonists exacerbated KM-induced apoptotic cell death, indicating that TRPV4 regulates AG entry
into hair cells and thereby modulates ototoxic injury severity.

(6)Co—administration of a TRPV4 agonist with KM markedly enhanced ototoxicity, leading to significant hearing threshold
elevations, outer hair cell loss, and ribbon synapse degeneration, whereas KM alone caused no detectable damage. This exacerbation
was associated with increased cochlear KM accumulation, indicating that TRPV4 agonists facilitate AG entry into the cochlea and
potentiates KM—-induced auditory injury.

(7)We cultured mouse cochlear explants and examined the effects of TRPV4 antagonists and agonists on the HG uptake capacity
of GTTR. The findings suggest that TRPV4 contributes to intracochlear KM dynamics by regulating both SV permeability and HC KM
uptake.

(8)Regardless of the presence of TRPV4 agonists or antagonists, KM showed minimal inhibitory and bactericidal effects. Together,
these results suggest that TRPV4 agonists and antagonists can modulate cochlear influx of KM while preserving its antimicrobial
activity.

5) Z %2 (Discussion)

AG-induced cochlear ototoxicity has long posed a major clinical challenge. Despite their essential role against multidrug-resistant
and life—threatening infections, AGs cause irreversible inner ear toxicity, posing a global health concern (D). Hearing loss,
particularly in children, hinders communication, education, and social integration, leading to lifelong economic and psychosocial
consequences (). This study identified the transient receptor potential vanilloid 4 (TRPV4) channel as a key mediator of AG
trafficking and ototoxicity. In a kanamycin/furosemide—induced ototoxicity mouse model, TRPV4 pharmacological inhibition reduced
cochlea AG accumulation, preserving hearing, hair cell (HC) survival, and cochlear synaptic integrity. Conversely, TRPV4
pharmacological activation exacerbates AG—induced ototoxicity, accelerating cochlear AG influx. The explant experiments further
showed that, under higher concentrations of selective TRPV4 modulators, TRPV4 agonists and antagonists modestly altered GTTR
uptake and HC survival, indicating that TRPV4 also contributes directly to AG permeation at the HC membrane. Notably, TRPV4
modulation did not compromise AG antimicrobial activity in the bacterial killing assays, uncoupling therapeutic efficacy from
ototoxicity. Collectively, these findings identify TRPV4 as a molecular gateway for AG trafficking into cochleae and demonstrate that
its inhibition offers a strategy to protect hearing while maintaining antimicrobial potency. Thus, targeting TRPV4 may provide a
clinically translatable approach to prevent AG—induced ototoxicity without undermining their life—saving benefits.

6) & Xk (References)
@ P. S. Steyger, Mechanisms of Aminoglycoside— and Cisplatin-Induced Ototoxicity. Am J Audiol 30, 887-900 (2021).
@ S. D. Emmett, H. W. Francis, The socioeconomic impact of hearing loss in U.S. adults. Otol Neurotol 36, 545-550 (2015).
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Research theme Contrast Mechanism of Ex Vivo MRI

BEIER mXiEL O RIEEL v
1. ARBE )
1) B #9(Goal)

Ex vivo MRI enables ultra—high—resolution, stable acquisitions without physiological or safety constraints, enabling postmortem ex
vivo quantitative MRI (qMRI) to be measured with high accuracy and reliability [1, 2]. However, the postmortem interval (PMI) alters

tissue properties of ex vivo gMRI signals. Although fixation—related effects on MRI parameters have been widely discussed, the
impact of PMI on ex vivo qMRI has yielded inconsistent findings across species and experimental scales and has remained
comparatively understudied [3-5].

2) B #& (Approach)

A systematic, whole—brain evaluation is therefore essential to improve reproducibility and interpretation in ex vivo gMRI studies
aiming to link radiological measures with histopathology.

3) # %1 &7 % (Materials and methods)

Here, we used 7-T MRI to assess PMI effects on relaxation metrics in 12 whole swine brains, both unfixed and fixed, under
controlled, monitored temperature conditions. Brains were assigned to three target PMI groups (approximately 12 h, 24 h, and 48 h;
n=4 per group) to simulate real-world conditions. Unfixed brains were scanned at the designated PMIs and subsequently immersed in
formalin, washed, and re—scanned using identical MRI protocols to enable paired comparison between unfixed and fixed conditions. We
used 3D multi—echo gradient—echo acquisition with multiple flip angles for T1 and T2*% mapping. T2 mapping was with multi—echo
turbo spin—echo (TSE) acquisition. Quantitative maps were generated via nonlinear least-squares fitting, followed by registration and
tissue segmentation to derive gray matter (GM) and white matter (WM) masks for tissue—specific analyses. Group differences were
tested using ANOVA or Welch’ s ANOVA, depending on the variance structure, with appropriate post hoc procedures. PMI was
additionally modeled as a continuous variable, with false discovery rate control for multiple comparisons. To evaluate whether PMI-
related information persisted after fixation despite global shifts in absolute values, paired unfixed—fixed associations were assessed
using Spearman rank correlation, including a PMI-wise rank pooling approach.

4) EERHER (Results)

In unfixed samples, T1 differed across PMI groups in both GM and WM, with post hoc comparisons indicating higher T1 at longer PMIs
(12 h < 24/48 h). When PMI was treated as a continuous variable, PMI-T1 associations were most pronounced within the first “24 h
postmortem, showing strong positive relationships in GM (r = 0.921) and WM (r = 0.876). In contrast, no significant PMI-gMRI
associations were detected in unfixed tissue within the 20—50 h window, consistent with a nonuniform time course in which early
postmortem changes dominated. T2 showed no group differences; however, within “24 h, T2 exhibited a negative association with PMI
in WM but not in GM. No significant associations between PMI and T2* were observed in unfixed tissue.
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5) & %2 (Discussion)

After formalin fixation, T1 and T2 decreased while T2* increased, and PMI-related group differences and early-window PMI-qMRI
correlations observed in unfixed inter—sample variability after fixation, including voxel-wise variability that rose with longer PMI.
Despite variance inflation, rank—based analyses indicated that PMI-related ordering for T1 was preserved between unfixed and fixed
measurements at the ordinal level and reached statistical significance in both GM and WM, whereas T2 and, especially, T2* showed
more variable rank relationships.

Overall, PMI effects on ex vivo gqMRI peaked within the first 24 h postmortem and were strongest for T1 in GM. Fixation attenuated
PMI effects while amplifying inter—sample variability, particularly at longer PMI. These findings support the need for strict PMI
documentation and PMI-window—stratified analyses for reproducible ex vivo qMRI, especially for studies prioritizing T1-based
contrasts in GM or deep structures, and for translational applications. Our results offer practical guidance to improve measurement
reliability and interpretation in human postmortem ex vivo MRI studies, thereby strengthening radiology—histopathology correlations.
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HRT—Y(AX) |[REREZAVESEOSHRMEIZET ST
Research theme Analysis of tumor heterogeneity in pathological specimen
HAE R wmXiEL O REEL v
1. BIEME)
1) B#(Goal)

MBI SR TERSN TS, COSHFMETHMIBONMED ST, BIUEBADAMN RIZHT HRED SHEIC
EET D, BHEMELIEN. HENGZHREZLDIEAMON TSN, COBBEDLSHEDREEMS-HIZ(E, EELHE
WTEDEIIEHUMNEHHSNTVEDERNOENDETH D, BIERE MM 2 (X RAE I AL £ R THo-#
ANKEX LRICIEEZECTHRET. FREENEESNSICETHIRRMELDD, FEURBERMREERICRESIES
[FBHGMEZLHIENMONTEY . BEDSHEEZRFAI I LTLEERRETHLS AMRDOET HE—D B, Bt
%ﬁﬁ;’%ﬁ%ﬁﬁf%#ﬁﬁﬁ?é%ﬁﬂﬂd)ﬁ1|:$z':¥§0>.‘EE%?5:%;1!:&5%%0)%#5%%@5)%"6:&’& BB D ZHRMEIC DM IHEEAN

CEThD,

EENBTH=OIZE, SMELIMEN - BERBDREICHBITL, 20K, BESMELTOBRESADETHS, COBREL
paligenosis &M (X%, Paligenosis|ZHE W T, BESMEL TWGAE TR ERICMRBICHMET NITHELEVSITRRITRY, TLED
HMBICHEITNITIEERZRLE L, AMEDE_—DBEHIE, BELLEDH R RERHSNTTHETHD, CORIRREH
oML, BEZFEULLEZIFITIRFERE I EATENL, BEMEEMXDKREWTARIZDOUNEEER D,

2) Bk B& (Approach)

R, MR TEELREHLUOMREICT DA IVA/AFEEREMNEA TS, ARMHELTRASh TWSHE%
(EMEFBEFRICIZERIGLUEW 0, — B E U MARIZIE M R AE R % IR DpaligenosisDFEHTIZALNS ZEIETELLY,
Paligenosis D BEE i 9 5156 . TEALEITERIGEWNEREAVWSIENRATH D, ICEE (. EMGi&YMRE EE~D S
bERLI-MBRBTERINSMBA LA /(R REX LR~ EERLU-MEE TSN IR[ELF VA /(P EBET
BIEIZHTILTWS, [laA LA /AFICEEREEZERT 2RFEHITIVLELTMASILT, Ml LREI—h—DHREIE
TL.REXEREY—h—ORBENFESIN -, REEEBHDITILERZNLIMMEA LT /AETIIBEEFHLEELRE LR
ZRL. COOBI5EGEFIRIREA NI /AR TCEERERNT REX LRI —H—THof. COTEI, in vitroTRIEFIHEICE D
REXLERILEZBRTAVATLEBETHENTEIEETT, COVRTLENRAITNIE, BE—HELANILTERE F
F KR % F AT DILETIEMRIEIZHE SpaligenosisDEFMIABIREZ B R TE, EOEBABELILEDDIE R ELEOTLY
D BEANLAMNIARED S EBERELEDARIIECH T AIRFIEANENSITEREICEZSENTED, IHIZ
paligenosisDBIE PE A LILE D I A7 E ([CHEHMNET—h—Z AT, EEO ISR & 4 i X R BB Z 5 (+ Bpaligenosis
DB EBIENE DB TR >TLNDIOMNAIRIET DL TES,

3) #t ¥ &A% (Materials and methods)
M
OfARatEZEER AL /A FEEZE K (Gibco™ Human EGF Recombinant Protein: Qkine recombinant human IGF-1 protein;
Gibco™ Human FGF-basic (FGF-2/bFGF) Recombinant Protein; Recombinant Human FGF-10; Recombinant Human KGF (FGF-
7); Afamin/Wnt3a CM; Afamin/Wnt3a CM High—Concentration; Recombinant Human R-Spondin—1; Recombinant Human Noggin;
Recombinant Human Heregulin 8 —1; Tocris Bioscience A83-01; CultureSure® Y-27632; Gibco™ B-27™ Supplement (50X), serum
free); DMEM//\LF-12851(L-4 JLAZY, EJLE B, HEPESE H);

@RT-qPCR#HRS : QTagMan™ Gene Expression Assay (FAM) ActB,sftpc krt17,tp63,abca3,sox2,ager,lamp3,ak1,
fads1,pla2g1b,slc34a2; Invitrogen SuperScript™ Ill Reverse Transcriptase Kit;TaKaRa Gen&b<{A T4k F+!)7; TaKaRa RNAiso
Plus;

Rt EEIAR  Anti-SFTPC/KRT17/TP63/TTF1/Ki-67/PLA2G1B/pERM/pMLC/p53/pSmad2 Antibody; AKOYA
BIOSCIENCES Opal 7-Color Manual IHC Kit; VECTOR LABORATORIES VectaPlex Antibody Removal Kit;
@EEFHEEZ B : L F 4 )LR shRNA NV/FADS1/PLA2G1B; invitrogen Lipofectamine™ RNAIMAX; TaKaRa
LentiéiDraI High Titer Packaging Mix Transfection Reagent; Clontech Lenti-X™ L2 F A )L R EfEE 2L,
ZDH,
FHik: A WA/ AFRBLEEEE  RT-oPCR; SR 6 ; 70— A AR — EEFHHZ (Knock-Down) ; Bulk-RNAL —4r>
A ATACY—4 U R Bl f#HT (HALO) ;Public Databasef##fT; T—2 7L,
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1. HRPE(2)
4) ERERFER (Results)

Ot MERERHEE (PF) IZEAE5 9 285 F DT

i £ &R T Balveolar type 2 (AT2) #IBEIZHE B LT, SR MEMIRHE (PF) (TN EBEFEIERLIz, TR
B IPFCHRIRMNETE T 5185 FEL Tphospholipase A2G1B (PLA2GIB)E{EFIZEBL TS,

AT2HREDA ILH /A REEFBD £ . PLA2G1BE{E FEKnock-DwonL T, AIH /AR D HREBIEFEEEZ T 1=, AT2
AIHI/ARIEPLA2GIBEIZF D /v F I KYRESHF DLz, . SHICHILA/ARIZHEIT BT EESDH D ETAT2
HABIZEITHPLA2GIBOEEHZHRARNDZFETHS.

ENPFIRIAT. PLA2GIBO RELBEITHEL, IEF (NC=3) Bl &R L IP=7) fBIRICH T AR RE LB LI-E 2 A,
PLA2G1BD FIREINCHEE, TH IS4 MBI D EL 3R (L E M >71=, Public scRNA Databases|Zd&kb &, IEEXTBOPLA2G1BIS AT 24
DL E(FH30% &, ERICEH-BIEE—BL TV =,

@ErHEFEMA LA /A% B fzpaligenosisD 24T :

AT2HIBE CRBRSNAMBE LR A IVA/ARIZREES M bHAUEMZ T, TORIEICE T EGEFRELILEREILI.
REEH A bAAUIZEY ., FBEERAILA /AREEMNFE DL, AT2#Il < —H—Tdh Ssurfactant protein C (SFTPC)D FHIF M
FLTUWV =, COZEIIREREICEVATZHEBOREN kHONEZEEZRLTNS, 2L, EEDIBETHIREX LR Y —
H—T&HAHTPE3, cytokeratin 1TDRITEF EHLNEMNoFz, T T REREFBEZEDIEEFHERETITHILT, LEDIE
EThAREX LERYT—A—DEMLELNESIHIEREIL=ECA. VT FIILBERIOEAEHLEERART LI ETILEDISIE
THBHTP63, cytokeratin 17TDFKIHMEM T LRSI ST-, COFENTILA /AR REZFTTIIEL EEOENRER
BRATHLHEEL TR ESI ERERBEFNFEERWTHERITL -, IBE. FILH /AFRTHRIIL-EHAE MRS
BRATERIL TS T 2B THY., HmUEICT FTISITT—ANEFKIT TS,

QEMEEME M X MR R A EFIA LI ZHBNS U R0 T b— L3 :

b ME 1 R B M i 2 D AR IR B VLTRSSV XYY Th— L@ E4TLN, il £ R A SpaligenosisZ B TREX LK
NMEEFRIT IO ERICEITHEEFREEILEF 1ML AL TRELTVW S, TOHEER, Ml LEMSPHERERTREX
ERARBITIHBELEMWT HENTETEY, COTMBRMBICHRMICRBENERITIRFERHL TS, COERFHAED
KOTHERER DL DA, HIRAMR OERBEEA LA /AR ERNT/VvIF VO ERGEETVEDNSBTLTLSRFTH S,

5) &% (Discussion)

AMETE. IEEMEEMXOPTEFTERABDHEE THAIPFIZEBL. in silicokin vitro T, LR IZx L TKE%E
ERBREBEFERE L, BE. LD Dpathway DS il F R DRI BMIFICHABATHEIE FORBEZTLEIE 568
[SIEEDESHEHNBETHENEBLMNIZTEDDH D, &bl paligenosisDBIE T—BIEI-HET ZAFLRAETETHY.
BALLEDRBEAEDLSICHIEEN TSN DBEBA~D—HEEADDIH 5,

6) 22 3k (References)
[1] Umeda, D., Harada, A., Motooka, D. et al. Hypoxia drives the formation of lung micropapillary adenocarcinoma-like structure
through hypoxia—inducible factor—1 & . Sci Rep 14, 31642 (2024).
[2] Yu, W. et al. Involvement of RhoA, ROCK [ and myosin I in inverted orientation of epithelial polarity. EMBO Rep. 9, 923—
929 (2008).
[3] Kadur Lakshminarasimha Murthy P, Sontake V, Tata A, et al. Human distal lung maps and lineage hierarchies reveal a
bipotent progenitor. Nature. 2022;604(7904):111-119.
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206 £ 3 A 106 #H(B) B B o 2
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Morphological studies for investigating the etiology of foot diseases and evaluating the effectiveness of

Research theme .
surgical treatment

HLAE X EL a AR vl

1. BFZEHEZE (1) (Please refer to the attached PDF for details.)

Background and Objective: Hallux Valgus (HV) recurrence after modified Lapidus procedure remains a clinical challenge. While
anteroposterior (AP) radiographic parameters are well-established predictors, the impact of first ray alignment on the lateral
radiograph remains unclear. This study investigated whether position of the first tarsometatarsal (TMT) joint after modified Lapidus
procedure would be associated with a higher risk of HV recurrence.

Methods: A total of 10 feet with postoperative hallux valgus (HV) recurrence (group R) (HVA > 20° at 2 years) and 34 feet without
recurrence (group NR) were included. Radiographic parameters including HVA, IMA, MA, MCA, and MCLTA were measured on
weightbearing AP radiographs. The first tarsometatarsal fusion angle (1TFA), defined as the angle between the first metatarsal and
medial cuneiform, was calculated using lateral mapping coordinates. Its reliability was validated by ICC agreement between mapping—
derived and conventional measurements of HVA and IMA. The mapping method utilized postoperative weightbearing AP and lateral
radiographs to evaluate bone morphology. For lateral mapping, the X—axis connected the lowest points of the calcaneus and first
metatarsal, with the Y—axis perpendicular at the calcaneal point. Coordinate maps of both groups were overlaid to analyze foot
morphology differences. Group comparisons used t—test or Mann—Whitney U test, and correlations were assessed between 1TFA and
AP radiographic parameters.

Results: The coordinate—based mapping method demonstrated reliable agreement with conventional angle measurements (ICC =
0.908 for HVA and 0.793 for IMA). The postoperative 1TFA showed no significant difference between Group R and Group NR (6.60°
+ 6.78° vs.350° =+ 8.16° , p =0.281) and was not correlated with any AP radiographic parameters in either group. No significant
difference in MA was observed between groups. In contrast, Group R demonstrated significantly higher MCA (14.40° vs. 9.59° ) and
lower MCLTA (68.80° vs. 76.82° ) compared to Group NR (both p < 0.01). Mapping methods further revealed medial displacement of
the first metatarsal (MH1) and lateral deviation of hallux structures (PPH1, DPH1, T1) in group R.

Conclusion: The postoperative 1TFA showed no significant association with HV recurrence following modified Lapidus procedure.
Medial cuneiform morphology parameters, including greater MCA and reduced MCLTA, were significantly associated with HV
recurrence. Mapping method demonstrated that HV recurrence occurred predominantly at the MTP joint level. Future investigations
should prioritize soft tissue balance and medial cuneiform morphology to better understand and reduce HV recurrence risk.
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Research theme Understanding the dynamics of epidermal stem cells in skin regeneration
HWiER wmXiELE O FieEx val
1. ARBE(1)
1) B #J(Goal)

As the body’ s outermost organ, the skin is continuously exposed to environmental insults that threaten its barrier integrity and
homeostasis. It is organized into spatially distinct epidermal and dermal compartments, each exhibiting a unique transcriptional and
signaling network (Driskell et al., 2013; Mascharak, S et al.,2022). Although skin shows relatively high regenerative capacity among
adult organs, full-thickness wounds that reach the dermis often result in fibrosis and scar formation, leading to permanent disruption
of tissue architecture and function (Eming et al., 2014; Gurtner et al., 2008). Thus, understanding how to convert this scarring
response into a regenerative outcome remains a major challenge in regenerative biology.

The mouse tail epidermis provides a powerful model to study epidermal stem cell heterogeneity and spatial organization. The
interfollicular epidermis of the mouse tail consists of two distinct stem cell populations: DIx1+ slow—cycling stem cells in the
interscale region and Slc1a3+ fast—cycling stem cells in the scale region (Gomez et al., 2013; Sada et al., 2016). Similar spatial
compartmentalization is also observed in human skin and oral mucosa, where the inter—-ridge and rete ridge structures mirror the
interscale and scale regions of the mouse tail epidermis (Ghuwalewala et al., 2022; Ishikawa et al., 2026; Lawlor et al., 2015). While
these stem cell populations contribute to wound repair following surface epidermal injury (Sada et al., 2016), their response to non-
regenerative full-thickness wounds remains unknown.

Wound healing is regulated by multiple signaling pathways, including Wnt, TGF- 3, and BMP. Wnt signaling promotes regenerative
responses such as hair neogenesis (Ito et al., 2007; Oak et al., 2025), whereas TGF- 3 drives fibrosis (Kim et al., 2018; Buechler et al.,
2021; Tsukui et al., 2020). BMP signaling negatively regulates keratinocyte proliferation and migration (Lewis et al., 2014; Huang et al.,
2025). However, how these pathways are spatially integrated across epidermal and dermal compartments to determine regenerative
versus non—regenerative outcomes remains poorly understood.

My study aims to: (1) determine how distinct epidermal stem cell populations contribute to the full-thickness wound repair, and (2)
elucidate how the dermal or epidermal signaling coordinately regulates the reversible (healing) or non-reversible (scarring) changes of
the skin.

2) BB% (Approach)

To address these questions, I employed the following strategy:

1. Comparison of two wound models

* Full-thickness wounds (epidermis + dermis)

*Epidermis—only scratch wounds

2. Lineage Tracing Analysis

*Using DIx1- and Slc1a3—CreER mouse models to track epidermal stem cell behavior.
3. Molecular and spatial analysis

* Analysis of the expression and function of Wnt/ B —catenin signaling

* Spatial profiling of epidermal and dermal signaling network

3) ¥ ¥l &% (Materials and methods)

Animal experiments:

*Adult and neonatal wild—type mice (C57BL/6J), DIx1-CreER/Rosa—tdTomato, Slc1a3—-CreER/Rosa—-tdTomato, and Rosa—Wnt —Vis
adult mice were used.

* Full-thickness wounds (2.5 X 10 mm) or epidermis—only scratch wounds were created on the mouse tail skin.

Histological and molecular analysis:

*H&E staining for tissue morphology

*Whole—mount staining (K10, K36, K14) and confocal tile imaging

*Immunofluorescence staining to assess signaling molecule expressions
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1. ARME(2)
4) RERHER (Results)

To investigate the role of the dermis on epidermal stem cell behavior, we compared full-thickness and epidermis—only scratch wound models (Fig. 1A,
B[If space is limited, you could show only Fig2—4. ]). While full-thickness wounds were macroscopically closed by 5 weeks post-wounding (Raja, E et al.,
2022), histological analysis revealed loss of skin appendages and failure of structural regeneration (Fig. 1C-E).

Whole—mount analysis revealed a difference in stem cell compartment recovery. In full-thickness wounds, K36+ fast—cycling stem cell compartment
(scale) were persistently lost up to 12 weeks post-injury (Fig. 2A, B), suggesting that dermal-derived signals are required for the re-establishment of
this compartment.

The lineage tracing using DIx1- and Slc1a3-CreER mice further demonstrated that both slow— and fast—cycling epidermal stem cells migrated into the
wound site but failed to establish an organized spatial pattern (Fig. 3A, B).

To assess canonical Wnt activity at the wound site, | used Rosa—WntVis reporter mice, which enable visualization of TCF/LEF-dependent Wnt
signaling. The analysis of Wnt reporter mice revealed that Wnt activity, normally enriched in the scale compartment, was reduced and spatially
homogenized in the wound epidermis (Fig. 4A). Furthermore, signaling analysis revealed distinct changes in BMP and TGF- 3 signaling. BMP activity
was low in the wound epidermis but became markedly elevated in the dermis after wounding, resembling neonatal skin patterns (Fig. 4B). In contrast,
TGF- 3 signaling was strongly activated in the wound epidermis (Fig. 4C). These results suggest that disruption of spatially organized signaling (Wnt,
BMP, TGF- /3 ) underlies the failure of epidermal compartment regeneration after full-thickness wounds.

Figure 1

Figure 1. Histological analysis of full-thickness wound healing

A: Schematic representation of full-thickness wounds and epidermis—only scratch wounds in
mouse tail skin. Slow—cycling epidermal stem cells are located in the interscale region (green),
whereas fast-cycling epidermal stem cells are located in the scale region (red).

— B: Experimental scheme illustrating analysis of mouse tail skin at 2, 4, 6, and 12 weeks post—

- T wounding.
_— - el it C: Representative images of full-thickness wounds in 2-month—old WT mice. Scale bar: 5 mm. WT,
2= »—: = P wild-type.
o S = D: Quantification of wound area over time.

. ! E: Hematoxylin and eosin staining of tail sections from non-wounded WT mice, unwounded and
— — = wound sites of wounded WT mice. Scale bar: 300 ¢ m.

Figure 2

Wound site

G Sussts T2y Figure 2. Whole—mount staining of full-thickness wound epidermis

; A: Schematic illustrating the sampling sites of full-thickness wounds.

B: Whole—mount staining of K10, K36, and K14 in the tail epidermis of non-wounded WT mice and
full-thickness wounded WT mice at 2—, 4-, 6— and 12— weeks post-wounding. Scale bar: 500 ¢ m

Figure 3. Behaviors of slow— and fast—cycling epidermal stem cell clones following full-thickness wounding

A, B: Whole—mount staining showing Tomato (red), K10 (green; interscale compartment), and K36 (gray; scale compartment). Scale bar: 500 ¢ m

Figure 4
A

Figure 4. Spatial distribution of canonical Wnt signaling in mouse tail scale and interscale compartments

A. Whole-mount staining of Rosa-WntVis reporter mouse tail skin showing K10 (red; interscale compartment) and K36 (gray; scale compartment) at 2
and 12 weeks post-wounding. Scale bar: 500 u m.

B. Section immunostaining of Rosa—WntVis reporter skin showing K36 (red; scale compartment) and K14 (gray; epidermal basal layer) at 2 and 12
weeks post-wounding. Scale bar: 200 ym

C. Section immunostaining of WT mouse tail skin showing p—Smad1/5, K31, and K14, and p—-Smad2, K31, K14.

5)Z %2 (Discussion)

Our results indicate that full-thickness wounds disrupt the spatial organization of epidermal stem cells, leading to irreversible tissue remodeling. In
particular, loss of scale-restricted Wnt activation and persistent activation of BMP/TGF- 3 signaling are one of the key features of non-regenerative
wounds.

Previous studies have shown that developmental skin possesses a remarkable regenerative capacity, restoring normal epidermal and dermal
architecture without scar formation (Gurtner et al., 2008; Kishi et al., 2012; Takaya et al., 2022). Based on this concept, we hypothesize that the
regenerative potential of the dermis may play an instructive role in guiding epidermal compartment recovery. If dermal signals are instructive, pairing
wound epidermis with a normal dermis may restore normal epidermal patterning, whereas a wound dermis could impose a disrupted pattern even when
combined with normal epidermis. To further dissect these interactions, I will perform ex vivo culture and spatial omics analysis to profile signaling
networks between the epidermal and dermal compartments.

To determine the roles of Wnt/ B —catenin signaling, I will employ both dermal loss—of-function and epidermal gain—of-function approaches. The dermal
B —catenin conditional knockout (3 —catenin cKO) mice will be used to assess whether dermal Wnt signaling is required for restoring epidermal
patterning and/or suppression of scar formation. In parallel, I will test whether activation of epidermal 3 —catenin is sufficient to restore epidermal
patterning by utilizing mice with epidermal 3 —catenin constitutive activation (3 —catenin CA).

A deeper understanding of these mechanisms will provide insight into the fundamental constraints on tissue regeneration. Ultimately, these findings
could inform therapeutic strategies for enhancing skin repair in chronic wounds, burns, and other severe cutaneous injuries.
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External and Internal Exposure Dose Estimation and Visual Analysis at Restricted areas around the

Research theme Fukushima Daiichi Nuclear Power Plant

B mXiEL O FiEEL v
1. BIEMME )
1) B89 (Goal)

Although 12 years have passed since the Fukushima Daiichi Nuclear Power Plant (FDNPP) accident, radionuclides with long half-lives
such as Cs—134 (half-life: 2.1 years) and Cs—137 (30 years) remain in the environment. The Japanese government has already lifted
the evacuation order for most restricted areas, excluding the difficult—to—return zone (DRZ), and set the specific reconstruction and
regeneration base areas (SRRB) for future revitalization in Fukushima prefecture. Meanwhile, the interim storage facility areas (ISF),
established in Futaba town and Okuma town, were used to store radioactive waste until final disposal. To estimate the current
environmental contamination and the external and internal radiation exposure doses, we are going to conduct a one—year radiation
monitoring program by the car—borne survey to evaluate the temporal ambient dose rate and the detected radiocesium rate in Futaba
town and Okuma town.

2) X E& (Approach)
To help ensure the safety and future prosperity of residents and communities in the affected areas around the FDNPP, such long—
term follow—up monitoring of radiation contamination levels during the reconstruction phases are essential.

3) ¥ ¥l &% (Materials and methods)

Our study conducted in the ISF within DRZ and the SRRB(including the evacuation—order-lifted area) of Futaba and Okuma towns
from October 2021 to November 2022.

1. Use Car-borne survey system (Radi—probe) to detect the ambient dose rate and the detection rates of radiocesium (134+137Cs),
then calculated the annual external effective doses of decontamination workers and estimated the median doses.

2. Airborne dust sampling using a high—volume air sampler (HV) and radionuclides analyses using gamma spectrometry (HPGe) to
estimate the internal radiation exposure by inhalation.

4) EEXHE R (Results)

The ambient dose rate in the ISF area clustered < 0.38 1 Sv/h in Futaba town (79%-89%) and 0.38-1.9 u Sv/h in Okuma town (73%—
83%). By contrast, the ambient dose rate clustered < 0.19 ¢ Sv/h (79%—90%) in the evacuation order lifted areas in Futaba town and
0.19-0.95 1 Sv/h (66%—-94%) in the SRRB in Okuma town.

The detection rates of Cs—134 and Cs—137 ranged from 0%—2.6% and 1.7%—5.9% in Futaba town, 10.4%—24.2% and 13.2%—-29.5% in
Okuma town, respectively.

The median ambient dose rate in the ISF and evacuation order lifted areas in Futaba town ranged from 0.15-0.21 -Sv/h and from
0.053-0.086 *Sv/h, the value in the ISF and SRRB in Okuma town ranged from 0.68-0.90 *Sv/h and from 0.23-0.38 - Sv/h,
respectively.

The estimated annual external effective doses for decontamination workers in the ISF were estimated at 0.17 mSv/y in Futaba town
and 0.84 mSv/y in Okuma town, for residents were estimated at 0.091 mSv/y in Futaba town and 0.76 mSv/y in Okuma town.
Although the environmental radioactivity in the ISF was higher than that in open areas (i.e., the evacuation order lifted areas in
Futaba town and the SRRB in Okuma town), only minor temporal changes were seen in the ambient dose and detection rate of
radiocesium (the proportion of radiocesium detected points per all measuring points) in those areas, respectively. The estimated
annual effective doses for decontamination workers as well as residents in the each area were less than <1 mSv/y.
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1. BARBLE(2).
5) &% (Discussion)

The ambient dose rate and detection rate of radiocesium were significantly higher in the ISF area than in SRRB, and the values in
Okuma town were significantly higher than in Futaba town, which is attributed to decontamination.

Minor temporal changes seen in the ambient dose and detection rate of radiocesium may be the result of physical decay and
decontamination. Resuspension caused by human activities and weather could also affect the detection rate of radiocesium.

The annual external effective doses in Futaba town and Okuma town were estimated to be at a limited level (<1 mSv/y), less than
the recommended value by the Japanese government based on the recommendation of the International Commission on Radiological
Protection (ICRP).

Environmental radioactivity monitoring and radiation education are necessary to ensure the safety for workers who engage in
decontamination work and residents who will return to the SRRB.

In conclusion, our research not only provides valuable insights into the temporal variations of environmental radioactivity but also
emphasizes the ongoing commitment required to safeguard the health and safety of those involved in Fukushima's recovery efforts.

6) 2% 3k (References)

1. Ministry of the Environment of Japan. Environmental Remediation: Decontamination. http://josen.env.go.jp/en/decontamination/
2. Ministry of the Environment of Japan. Environmental remediation: Interim Storage Facility. http://josen.env.go jp/en/storage/

3. Ministry of the Environment of Japan. Annual Report on the Environment in Japan 2021, Chapter 4: Efforts for Reconstruction and
Environmental Restoration from the Great East Japan Earthquake. https://www.env.go jp/content/900457471 pdf

4. The International Commission on Radiological Protection (ICRP). The 2007 Recommendations of the International Commission on
Radiological Protection (2007).

5. The International Commission on Radiological Protection (ICRP). Application of the Commission’ s Recommendations to the
Protection of People Living in Long—term Contaminated Areas after a Nuclear Accident or a Radiation Emergency. (2011).

6. Kobayashi, S. et al. Radioactive contamination mapping of northeastern and eastern Japan by a car—borne survey system,
RadiProbe. J. Environ. Radioact. 139, 281-293 (2015).

-58-




MEEES: G4510

Other authors

2. $IEE R Publication of thesis XE2&EL1-3XX% R L TEEL, Attach all of the papers listed below.
MXE 1 Migration behaviors and place—based recovery after the Fukushima disaster: A comparative study of current
Title residents, regular visitors, and non-visitor
gt Progress in Disaster Science
Published journal
=:5
= ~ [=N-]=]
2025 4 12 A 28 %% (8) 100495 B =] Language
F1EEL o FoEEL - EIEEH . -
First author Mengjie Liu Second author Hitomi Matsunaga Third author Yuya Kashiwazaki
TOtEES Makiko Orita and Noboru Takamura
Other authors
WXL 2 The impact of nuclear disaster experiences on perception of spatial stigma: a study of Fukushima residents at 13
Title years after the nuclear accident
gt Journal of Radiological Protection
Published journal
=:5
= ~ [=N-]=]
2026 4 02 A 46 %% (8) 011507 B =] Language
F1EEL o FoEEA . - EIEEH -
First author Mengjie Liu Second author Yuya Kashiwazaki Third author Hitomi Matsunaga
TOMmESH Xu Xiao, Makiko Orita and Noboru Takamura
Other authors
X4 3
Title
BEEs
Published journal
=i5
= ~ [=N-]=]
Zs A #(2) " B oE
F1EEL FoEEL EIEEH
First author Second author Third author
ZTOMEES
Other authors
X4 4
Title
BEEs
Published journal
=:5
= ~ [=N-]=]
Zs A #(2) " B oE
F1EEL FoEEH EIEEH
First author Second author Third author
TOMEES
Other authors
X% 5
Title
BEEA
Published journal
==
= ~ [=N-I=]
s A #(2) B B8
F1EEL F2EEL EIZEEH
First author Second author Third author
TOMMEES

-59-




MEEES: G4510

3. FEHRK Conference presentation XEBEEELLTHE -ERYLEEL TIPS TRRLELLOERHL TGS
LY,

*Describe your presentation as the principal presenter in major academic meetings including general meetings or international
meetings.

a4
F==
Conference

Topic

BA{EE date &F A B Bt venue

B method |0 HBEEKR Oral [ KRRE—FEK Poster SFE Language O BAFE 0 HF 0O HEFE

HERES

Co—presenter

4
F==
Conference

Topic

BAME R date &F A A BRfEHL venue

. method |0 HEEFKEK Oral [ RRAE—FHZFK Posterl 558 Language 0 HZA

B
O
s
Bl

0 hEHE

HERES

Co—presenter

Exf
Conference

Topic

BAME R date &F A A BRfEHL venue

B method |0 HBEER Oral [ KRRE—FEK Poster SFF Language O BAFE 0 HEF 0O HEFE

HERES

Co—presenter

e
Conference
b
Topic
FA#E R date &F A B | BAfEH venue
B method [0 REEHKFE Oral o RRA—FEK Poster 58 Language 0 HAFE 0O HFEF 0O HEE
HEEEA
Co—presenter
4. %E (WFZE2E4E) Award (Research achievement)
% W
Award name E4 SEE = A
Country Year of award
% W
Award name E4£ SEE = A
Country Year of award

-60-




MEEE S G4510

5. A ET—TIZEAHA MDA EIBE ZH5 Other research grants concerned with your resarch theme

EIEEST

Receipt record

O# 3

B i B 4

Funding agency

B E AT

Grant name

Z e A

Supported period

2%

Amount received

EIEEST

Receipt record

B B 4 7

Funding agency

B &4 T

Grant name

Z e A

Supported period

2%

Amount received

6. fthDEEF L Z#3 Another awarded scholarship

ZHaRIR

Receipt record

mA O %

B AL RE 2 75

Funding agency

Nagasaki University

BRERM

Scholarship name

Nagasaki University Special Research Student Scholarship

Z IR

Supported period

2025 &£ 04 B ~ 2025 &£ 09 B

Amount received

300,000 A

7. HEEENZEE T S EREF R Press release concerned with your research activities
MERH L= FE L R {TLTLIEELY, Attach a copy of the article described below

HwEREK

Press release

RERFAR

Date of release

a# [

FERHE

Released medium

RN

Release method

“HE - -Website -REHKEK -TOh( )

FERIAMIL
Released title

8. AMET—<IZEHT B4FFHFEF E Patent application concerned with your research theme

HEEFE HFEE
Schedulﬁ D Gl . " Application
HERNE (BE)
Application contents
9. ZMfth Others
IEEEHEHE (i848) Noboru Takamura




NPEBHHAZETABPEZHS

TEL
FAX

03-5829-9123

6 &

03-3866-9080
)|

2 K M E
URL : https://www. jpcnma. or. jp/

T101-0032 FRFEHNFAHEHREAET 1-4-3

*





