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An empowerment—based nurse—led transitional care program for patients with chronic obstructive

Research theme pulmonary disease—multimorbidity and their family caregivers

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

Chronic obstructive pulmonary disease (COPD) is the most common chronic respiratory disease in China, characterized by high
prevalence, high mortality, and a significant disease burden. The increasing severity of COPD prevention and control may be closely
related to an aging population, widespread exposure to smoking and secondhand smoke, and air pollution. In recent years, the
prevention and management of COPD and other chronic respiratory diseases have gained increasing national attention, leading to the
introduction of various supportive policies Despite multiple government interventions, the burden of COPD remains substantial. A
multi—center study conducted in China in 2007 reported that the prevalence of COPD among individuals aged 40 and above was 8.2%
. With the COPD patient population expanding year by year, strengthening long—term disease management and health interventions
has become an urgent priority for the public health and healthcare systems.The COPD population has been expanding continuously,
making disease management for patients particularly important. Pulmonary rehabilitation is recognized as the primary non—
pharmacological treatment method for COPD.However, the compliance of pulmonary rehabilitation is poor, especially for patients at
home. How to improve the pulmonay rehabilitation compliance is necessary.

Empowerment theory is to give people dreams and hopes, encouragethem, and bring out the wonderful power of life that they
originally have.There are three types of empowerments: self-empowerment, peer empowerment, and communityempowerment. This
theory would guide the transitional care model properly and suitably.Empowerment theory is suitable to guide the practice.

According to the empowerment theoty, this study aims to construct and evaluate the transitional model of COPD patient when they
dischage from hospital. The model will focus on patients and their primary caregivers as a dyad for disease intervention to improve
the compliance of pulmonary rehabilitation of COPD patients.

2) BB% (Approach)

A mixed research design will be conducted. Questionnaire survey was conducted in the quantitave phase. Individual and focus group
interview will be conducted in the qulitative phase.

3) ¥ ¥l &7 % (Materials and methods)

Quantitative section

Participants: A convenience sampling method was used to select COPD patients admitted to the Department of Respiratory and
Critical Care Medicine of a tertiary hospital.

Inclusion Criteria:1) Patients meeting the diagnostic criteria of the Guidelines for the Diagnosis and Treatment of Chronic
Obstructive Pulmonary Disease (2024 Revised Edition):@Patients in the stable phase of COPD.Patients able to cooperate in
completing relevant scale assessments;@Patients who voluntarily participate in the study and sign the informed consent form.
Exclusion Criteria:(D) Individuals with visual, hearing, or cognitive impairments that prevent normal communication;@Patients with a
history of psychiatric disorders who are unable to cooperate;@Patients with end—stage comorbidities, such as severe organic heart
disease, malignant tumors, or hepatic and renal dysfunction.

Measurements:(1) A self-designed questionnaire was developed based on relevant literature and the study objectives. It includes
information on age, sex, primary caregiver, marital status, education level, employment status, health insurance type, monthly
household income per capita, health behavior factors (e.g., smoking and alcohol consumption), hospitalization frequency, COPD
disease duration, and comorbidities.

(@ Exercise Benefits/Barriers Scale This scale was developed by Sechmrist et al. and consists of 43 items, with 29 items measuring
exercise benefits and 14 items assessing exercise barriers. Each item is scored on a 4—point Likert scale ranging from 1 to 4, where 1
= strongly disagree, 2 = disagree, 3 = agree, and 4 = strongly agree. A higher total score indicates greater perceived benefits and
better exercise—related behaviors. The Cronbach’ s a coefficient of this scale is 0.86, indicating good reliability.
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1. REME(2)

4) EERHER (Results)

During the implementation of the intervention program, two participants in the intervention group dropped out, and a total of 58
participants were finally included in the analysis. Before the intervention, pairwise comparisons between the two groups showed no
statistically significant differences in the scores of the International Physical Activity Questionnaire (long form), the Self-Efficacy
Scale, the Community—Dwelling Older Adults’ Sedentary Behavior Log, step counts, or the number of sedentary reminders (P >
0.05). Pairwise comparisons between the two groups at baseline, immediately after the intervention, and one month after the
intervention showed statistically significant differences in the International Physical Activity Questionnaire (long form), the Self-
Efficacy Scale, the Community—Dwelling Older Adults’ Sedentary Behavior Log scores, step counts, and the number of sedentary
reminders (P < 0.05).

Within the intervention group, significant differences were observed in the International Physical Activity Questionnaire (long form),
the Self-Efficacy Scale, the Community-Dwelling Older Adults’ Sedentary Behavior Log scores, step counts, and the number of
sedentary reminders across different time points (T1 and T2) (P < 0.05). In contrast, no statistically significant differences were
found in these indicators across different time points (T1 and T2) in the control group (P > 0.05).

5) & %2 (Discussion)

Empowerment theory emphasizes patient autonomy, self-efficacy, and active participation in healthcare decision—-making, which can
significantly influence pulmonary rehabilitation compliance in COPD patients. By fostering a sense of control and self-management,
empowerment interventions—such as shared decision—making, personalized goal-setting, and health education—enhance patients’
motivation and adherence to PR programs. Studies suggest that COPD patients who feel empowered are more likely to engage in
sustained exercise routines, effectively manage symptoms, and overcome psychological barriers like anxiety or depression, which
often hinder PR adherence. Additionally, healthcare providers play a crucial role in facilitating empowerment by offering tailored
support, promoting collaborative care, and addressing individual concerns, thereby strengthening long—term commitment to
rehabilitation. Future research should explore tailored empowerment strategies to optimize PR compliance and improve patient
outcomes.

The qulitative review revealed that from the self-empowerment level,disease knowledge,perception of safety,sense control of
rehabilitation, goal setting are factors related to the complicance of pulmonary rehabilitation. From the peer empowerment, lack of
knowledge, support and understanding from the caregiver,as well as the inspecton from the caregiver are important factors. From
the orgnization level, the fundamental instruction, human resources from the community, remote support from hospital,
mutidepartment cooperation, attitude of the professionals and the timely information convey from hospital are main factors.Based on
the review results. Furtre intervention should consider the related main facoters to constuct an effective support model for COPD
patients.

6) YWD EETEELEL . IWEDEH IR RO B 25l (Self-assessment of the current progress compared to the initial research
plan.)

AF A LLEIZHH L TLVS (Progressing more than expected.)

NEHELYEATNIRNBREENTVSNE., RUZDHER

(Contents that are ahead of schedule and those that are behind schedule, along with the reasons.)
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T=&. human—-computer interaction (HC) RBF DI L7 OEEHET7ICEHTIME - EXRRBEETLHERWN
REBEHELT-, TD55. human-computer interaction|ZEM 4 AR HF 1L, TTURARIV O =714, . FER
ARECEHEEES T RIUMRIIKETIMREIREETEL -, HRE X, WThIL R EMEEICH L TSEL
L OEBEHRLTLM:,

HFRIZIK. BRICEELEARIVZRAWTT TUEZERICERERL TEHS o1& Nielsen (1994) HBAFE L f=Heuristic
Evaluation WorkbookZ FHLNf=fHli &4 2 2E 1 —%FE L 1=, 12 2E 2 —& & UHeuristic Evaluation Workbook® [E] %
NRIZOVTIE, BN ET oz, TORRE, 128D —FALIEFTILTUOVDREE—EH ORI
Xa)TFADHERETS—RIGEITFBEEFA—avOREERIT 7T )L EEOREITBEmT S A2 OEY)
TIEVSISDDT—INERESNT-, P REERFEZ T, 7IIVEEBELz, COERBEDOHEREIL. Gerontological
Society of America 2026 Annual Scientific Meeting~DEEHE K ELTIRBEATHY . REEHFEFTHD,

EZERBETE., RBGSh=7)r—a 2B BhEASHEIZERALTELL, Z0;ERATRESERIIT 5,
Usability testing Tl BERBS LUVEAMB CEILTWAEEZETEASEHEIOZEELZTOREEZ X RIZ, Health
Information Technology Usability Evaluation Scale (Schnall, 2018) B K UA L AE 1 —AEFELT. 7IUH5r— 3>
DERTREMERII T 50 AT —IVICKDENT—FEAVAE1—IZLDBEMT—2IL. SPSSY T I T ELUVEM
IR DT R EZRVTERITT 5, (RELETH)

5) MFOMETETE L, IWMEDEB IR TDBCELE (Self-assessment of the current progress compared to the
initial research plan.)

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

@EHT1IEZE (Mostly on track)

QBN TILVD (Slightly behind schedule)

@KIFIZEMN TLVS (Significantly behind schedule)

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

W7, BFLE=7 )7 — 3> Dusability testingE#EH TN, EF . LTHATOER - NERBAOFTAINHES
NTWBILITRY. Sk, T0/00—4FALLENBEZE L5 HENMEMT 5T RSN, HAELEZT7TY
=3 DSEOERTREGEFARMESLIZEDSOI2IE. T7/80—FRY ANF-RFDBEELETOHYA
EF7TVDAVTUVICRER - BT ALENHHEEZ TS,

ZD=H AV ITAIN =T RET—EARICHFFERMBARBL. TTICEEITE=A) T —2REBLTEEL TS
EOTWDIEMEBEANDAVAEA—FEELTz, COAAE1—DFEREZREIC, 7TUDAVTUOVEREH LI, BE
. BHEDOT TV r—avcE BREABREICERLTLOL), usability testingD BRFEIZEITHTH D,

7) 5% 3k (References)

CiH ERF REREEH - 2HEZOPEARBEICLEGCEEIIEORE AREFTEERREL-BRIREBEER -
B NE_—XOEERENS. LFHEFRE, 6(1), 12-23, 2014,

- F R - NEBENLLZSEHIVTUEREXBICETAHMERER. EEETKFEEFL - thigs 7R
A E, 24105-113, 2017.

- KA EF HIKEEBONERBRANIBEHS5BROEHENEY —EANDTILAORIKERE AREFEE=S)Y
J - LR—MEESWE. BERARBEEME, 67(7), 435-441, 2020.

- X #B EHI)TUORKEORMELSEICET IR ARFRRFELE, 11119-126, 2009.

- Sérensen Silvia, Pinquart Martin: Vulnerability and access to resources as predictors of preparation for future care needs in

the elderly. Journal of Aging and Health, 12(3), 275-300, 2000.

* Rebecca Schnall, Hwayoung Cho, Jianfang Liu.(2018).Health Information Technology Usability Evaluation Scale (Health—-ITUES)

for Usability Assessment of Mobile Health Technology: Validation Study.JMIR Mhealth Uhealth. 5;6(1):e4. doi:
10.2196/mhealth.8851.

- Nielsen Jakob, Mack Robert L.:Usability inspection methods. Wiley, 1994.
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. BNE SR Publication of thesis XERH L= X% R FTL TIEELY, Attach all of the papers listed below.

XA 1
Title

studies

Older Chinese people’s experiences of relocation to long—term care facilities: A literature review of qualitative

BEEA
Published

Journal of International Nursing Research

https://doi.org/10.53044/jinr.2022-0038

journal

2024 #F

8

A 2) BB

1 B ~

19

B

S

=z
[=N-]=]
Language

i
Bh

F1EEA

First author

Li Yao

F2EEHA

Second author

Harue Masaki

EIZEEH
Third author

TOEEA

Other authors

XA 2
Title

Effectiveness of an Aging-related Preparation Education Program for Older Chinese Immigrants in Japan

BEEs
Published

Gerontology & Geriatrics education (¥%fa4)

journal

3

A &(S)

B ~

B

=:E
I=]:1=]

Language

i
it

F1EESA

First author

Li Yao

F2EESA

Second author

Harue Masaki

EIEEA
Third author

TOMmEES

Other authors

B ]
Title

BEEA
Published

journal

A %(5)

B

S

£
[=N==]

Language

F1EEA

First author

F2EEHA

Second author

EIZEEH
Third author

TOEEA

Other authors

XA 4
Title

BEEs
Published

journal

A &(S)

B

il
anl
OH

Language

F1EESA

First author

F2EESA

Second author

HEIZEEL
Third author

TOMEES

Other authors

B ]
Title

BEEs
Published
journal

A &(S)

B

£
=11

Language

F1EESA

First author

F2EESA

Second author

EIZEEL
Third author

TOMmEES

Other authors

-10-
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3. FEHR Conference presentation XEEEELLTHES ERSLE2EL TIPS TRELLLOEREHL W

= AW
X Describe your presentation as the principal presenter in major academic meetings including general meetings or international
meetings.
P
= Gerontological Society of America 2024 Annual Scientific Meeting
Conference
E B
’:I:opic Effectiveness Of An Aging—related Preparation Education Program For Older Chinese Migrants In Japan
BA#E H date

2024 & 11 B 13-16 H ‘ B venue T HRIL - TAYAH

X method | HEEFEE Oral RRA—FR Poste+ =& Language

O BXE XEE O PEFE

HREEE S Harue Masaki
Co—presenter
ZFed
Gerontological Society of America 2025 Annual Scientific Meeting
Conference
;:?opf Validity Of An Aging—related Preparation Education Program For Older Chinese Migrants In Japan

BAME R date

2025 & 11 A 12-15 B | G’ venue FAUSH - RXELY

2= method

O HABEHEK Oral RRA—FFK Poster 538 Language O HAREE ®WE O HEE

HE =
ARRES Harue Masaki
Co—presenter
FRA 23rd IAGG world congress of gerontology and geriatrics
Conference
;:?opif Older adults’ outlooks on living with continuous sensor-based health monitoring($£3R)
BA{E B date 2026 &F 7 A 5~8 B Bt venue Netherlands/Amsterdam

2= method

OBEFHEEK Oral o RRI—FHZEK Poster 558 Language 0 HAFE 0O HEFE 0O HEHE

HREEES

Co—presenter

Harue Masaki, Roschelle Fritz

Ff
Conference

H R
Topic

BAME R date

T A B | EfEH venue

2= method

O DOEEHFER Oral g RRAF—HFHK Poster 558 Language 0 HAE 0O HEFE 0O HEE

=[=]

HERES

Co—presenter

4. ZE (BT EHE) Award (Research achievement)

2 Academy for Gerontology in Higher Education (AGHE) Student Travel Stipend
Award name ESE : 2EE
Country THIA Year of 2024 F 1 A
2 W Academy for Gerontology in Higher Education (AGHE) Student Travel Stipend
Award name ESE : 2EE
Country THIA Year of 2025 F 1 A

-11-
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5 A ET—TICEAHAMOHEEIBE ZH5 Other research grants concerned with your resarch theme

ZHaRIR

Receipt record

] 0O %

B B 4

Funding agency

BAZMRES

B &AM

Grant name

HEMREBREE EFHE (No.JP24K20399)

ZHa AR

Supported period

2024 & 4 A 2026

~

&

Amount received

#8%8-3,510,000 M

IS

Receipt record

] O &

B AR & 75

Funding agency

FEXE

B &R

Grant name

FTH7EETFEXRFERIRALEER

ZHaHAR

Supported period

2025

& 4 A ~ 2025

&

12 A

265

Amount received

690,000 A

6. thDEFEZHA Another awarded scholarship

ZHaRIR

Receipt record

O# W &

B B 4

Funding agency

BRERM

Scholarship name

ZHa AR

Supported period

Amount received

7. WIS EENCRE 9 D ERIEFHE K Press release concerned with your research activities
MERHELI=EEEZ R TLTLIEELY, Attach a copy of the article described below

HERER

Press release

REREAH

Date of release

] O &

2025.12

FERHEA

Released medium

BRZEEREFR

FEERBEA

Release method

CER - ME Web site>-

RERK - TOH( )

FERIAMIL
Released title

E R E S S ML R—b (https://www.rounenkango.com/other/kokusaireport.ntml)

8. AT T—<IZEET B4FEFHEET IE Patent application concerned with your research theme

HEEFE HEEE

Scheduled D Gl LIS Application
HERNE (HE)

Application

contents

9. ZMth Others

F:::3
b

{HEHEE (GER) REAXF

-12-




Supported by

Bl || ERe Rt & 6 GRR MR 8 —— 25T & , YOI

[ EHE Al JeE

THE NIPPON

458 HREES: P4514 fUNBATIIN
K4 iR ZHANG FEI T4 51 M £€AH 1987/10/18

B E AR # B (% B R RERNKEE—HEERERERNE (B EEEE)

BAMREKEL - BEEILINARE L 2—RHEHRAELERNE

HEHERE - RERELT BE

Ze R _— N -~
TR T o S|BmcstamET 88 A T—h— i
ey = —
Eﬁ 71'3...& & x _3 Data analysis of gastric cancer—related clinical information and biomarkers

W3t s (75 S 2 sC A M)

bi:3 27 VN R BB Al AR SEIRL TS L= 7] N—to57—o= 100 %

VBT REL LFETEREEDN\AAT—H—IT DLW THEREBEERIROT—E2EEFHIL
FEYIREL . CLDN18.2, PDLIZED/N\AAT—H—EBEMBIZDONTORETEITL. /X EH
£ -publishL1=, £1-. EAET BFEYTIZ DLV TDreview article L EEE - publishL 1=,

PREBRXAMNITOL

R o # =
[Bhot=m]
RARICT —2REZTOTUV=,
(HEITAER]

2 & B @ WXL DRE B CTIREHE(CEEEYI(THEoT,

BRICHhEIZE> TSR EDERKICR AL T ZEF LY

B Z% 5T B2 | 5 1, 00 B E( S— : _
KA EDEH %R OTEULICEBLTNG  QHBTLIEE OCPEBATLS ORRBISENTLS

EBVEATNDARABE
EE’CL\;&W@&U%O) £z
L

B & & & K RINTET

EE (BEHERLSA) RE W (A= 20264F 3 B 31 ®H

-13-



Supported by

| rp i ] 7 : o —]— oo &P 4 =5 B

[(BFFRE ] J

THE NIPPON

54584 MEEREE: P4514 Ve E 202643 8310 FOUNDATION
e 5 R ZHANG FEI T3 M £&£AB 1987/10/18

HEFFEHEERE) | RRERKREF-—HEEREREAE (B EEELM

BABMRE EEHE) |[BAINARR I —REFHCERNE (RE EF #ER)

WMRT—~BX) |BEICEITIREKT —2EN\AAI—h—fiT

Research theme Data analysis of gastric cancer—related clinical information and biomarkers
1. AEBE)
1) B #J(Goal)

To evaluate the effects of claudin 18.2 (CLDN18.2) expression on the outcomes of first-line immune checkpoint inhibitor (ICI)-
containing chemotherapy (ICI-chemo) in patients with human epidermal growth factor receptor 2 (HER2)-negative, proficient
mismatch repair ()MMR), and programmed death—ligand 1 (PD-L1)-expressing metastatic or recurrent gastric or gastroesophageal
junction cancers (mGC/GEJC).
2) Bk B& (Approach)
A single—institution and retrospective study was performed.
3) #t ¥ &A% (Materials and methods)
Medical records of patients with HER2-negative, pMMR, and PD-L1 combined positive score (CPS) >1 unresectable/metastatic or
recurrent GC/GEJC who received first-line ICI-chemo or chemotherapy alone (chemo—alone) between January 2016 and August
2024 were retrospectively analyzed. The impact of CLDN18.2 status on the clinical outcomes was evaluated in patients receiving ICI-
chemo and chemo—alone to assess the prognostic significance of CLDN18.2 in the absence of ICI.
4) EERHER (Results)
A total of 150 patients were treated with ICI-chemo, whereas 313 patients received chemo—alone. CLDN18.2 positivity (>2+ in >75%
tumor cells) was identified in 42 patients (28.0%) in the ICI-chemo group and 94 patients (30.0%) in the chemo—alone group. There
were no significant differences in the objective response rate (ORR; 68.3% vs 70.3%, p = 0.842), disease control rate (DCR; 92.7% vs
94.1%, p = 0.718), progression—free survival (PFS; hazard ratio (HR) 1.01, p = 0.955), or overall survival (OS; HR 1.12, p = 0.615)
between CLDN18.2—positive and CLDN18.2—-negative patients in the ICI-chemo group. Similarly, the DCR, ORR, PFS, and OS
outcomes were comparable between the CLDN18.2—-positive and —negative patients in the chemo—alone group.
5) &2 (Discussion)
The CLDN18.2—positivity rate, defined as 2 2+ in 2 75% tumor cells with 43—-14A (VENTANA Assay), was 28.0% and 30.0% in the ICI-
chemo and chemo—alone groups respectively, which were slightly lower to these in SPOTLIGHT and GLOW trials (38.4%).
As for treatment response and survival, focusing on the patients with HER2-negative, pMMR and PD-L1 CPS 21 mGC/GEJC, no
significant differences in ORRs, DCRs, median PFS and OS were observed between the CLDN18.2—positive and —negative groups in
patients who received first-line ICI-chemo treatment.
Due to the lack of head—to—head comparison between zolbetuximab—based chemotherapy and ICI-—containing chemotherapy, optimal
patient selection also remains a debated issue in clinical practice, particularly in cases with the overlap biomarkers of HER2—negative,
pMMR and PD-L1 CPS 21 tumors, thus further investigations are warranted to address this issue.
CLDN18.2—positive GC has been demonstrated with complicated immune characteristics.
CLDN18.2 expression exerted no impact on outcomes of first—line ICI-chemo and chemo—alone in patients with HER2—negative,
pMMR and PD-L1 CPS 21 with mGC/GEJC.
6) HBPOMETE L., WEDEB IR RO BTl (Self-assessment of the current progress compared to the initial research
plan.)

AOF B LLEIZH#ER L TULVS (Progressing more than expected.)

QBHLHIET (Mostly on track)

QBN TILVS (Slightly behind schedule)

@KMEIZEN TULVA (Significantly behind schedule)
DEELVEATHIABTLENTLWSIRNE. RUZTDEH
(Contents that are ahead of schedule and those that are behind schedule, along with the reasons.)
Mostly on track with the initial research plan.
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MEEHFS: P4514

1. REME(2)

8) &2 3k (References)

1.Janjigian YY, Shitara K, Moehler M, Garrido M, Salman P, Shen L, et al. First-line nivolumab plus chemotherapy versus
chemotherapy alone for advanced gastric, gastro—oesophageal junction, and oesophageal adenocarcinoma (CheckMate 649): a
randomised, open—label, phase 3 trial. Lancet. 2021;398(10294):27-40.

2.Rha SY, Oh DY, Yariez P, Bai Y, Ryu MH, Lee J, et al. Pembrolizumab plus chemotherapy versus placebo plus chemotherapy for
HER2-negative advanced gastric cancer (KEYNOTE=-859): a multicentre, randomised, double—blind, phase 3 trial. Lancet Oncol.
2023;24(11):1181-1195.

3.Qiu MZ, Oh DY, Kato K, Arkenau T, Tabernero J, Correa MC, et al. Tislelizumab plus chemotherapy versus placebo plus
chemotherapy as first line treatment for advanced gastric or gastro—oesophageal junction adenocarcinoma: RATIONALE-305
randomised, double blind, phase 3 trial. BMJ. 2024;385:€078876. doi: 10.1136/bmj—2023-078876.

4 FDA Briefing Document. Immune checkpoint inhibitors in patients with metastatic or unresectable HER2-negative gastric
adenocarcinoma Oncology Advisory Committee Meeting. September 26, 2024. https://www.fda.gov/media/182138/download.
5Wang FH, Zhang XT, Tang L, Wu Q, Cai MY, Li YF, et al. The Chinese Society of Clinical Oncology (CSCO): Clinical guidelines for
the diagnosis and treatment of gastric cancer, 2023. Cancer Commun (Lond). 2024;44(1):127-172.

6.Lordick F, Carneiro F, Cascinu S, Fleitas T, Haustermans K, Piessen G, et al. Gastric cancer: ESMO clinical practice guideline for
diagnosis, treatment and follow—up. Ann Oncol. 2022;33(10):1005-1020.

7.Shah MA, Kennedy EB, Alarcon—Rozas AE, Alcindor T, Bartley AN, Malowany AB, et al. Inmunotherapy and targeted therapy for
advanced gastroesophageal cancer: ASCO guideline. J Clin Oncol. 2023;41(7):1470-1491.

8.Shitara K, Fleitas T, Kawakami H, Curigliano G, Narita Y, Wang F, et al. Pan—Asian adapted ESMO Clinical Practice Guidelines for
the diagnosis, treatment and follow—up of patients with gastric cancer. ESMO Open. 2024;9(2):102226. doi:
10.1016/j.esmoop.2023.102226.

9.Sahin U, Koslowski M, Dhaene K, Usener D, Brandenburg G, Seitz G, et al. Claudin—18 splice variant 2 is a pan—cancer target
suitable for therapeutic antibody development. Clin Cancer Res. 2008;14(23):7624-7634.

10.Shitara K, Lordick F, Bang YJ, Enzinger P, llson D, Shah MA, et al. Zolbetuximab plus mFOLFOX6 in patients with CLDN18.2—
positive, HER2—-negative, untreated, locally advanced unresectable or metastatic gastric or gastro—oesophageal junction
adenocarcinoma (SPOTLIGHT): a multicentre, randomised, double-blind, phase 3 trial. Lancet. 2023;401(10389):1655-1668.

11.Shah MA, Shitara K, Ajani JA, Bang YJ, Enzinger P, llson D, et al. Zolbetuximab plus CAPOX in CLDN18.2—positive gastric or
gastroesophageal junction adenocarcinoma: the randomized, phase 3 GLOW trial. Nat Med. 2023;29(8):2133-2141.

12.Baek JH, Park DJ, Kim GY, Cheon J, Kang BW, Cha HJ, et al. Clinical implications of claudin18.2 expression in patients with
gastric cancer. Anticancer Res. 2019;39(12):6973-6979.

13.Pellino A, Brignola S, Riello E, Niero M, Murgioni S, Guido M, et al. Association of CLDN18 protein expression with
clinicopathological features and prognosis in advanced gastric and gastroesophageal junction adenocarcinomas. J Pers Med.
2021;11(11):1095.

14.Kubota Y, Kawazoe A, Mishima S, Nakamura Y, Kotani D, Kuboki Y, et al. Comprehensive clinical and molecular characterization of
claudin 18.2 expression in advanced gastric or gastroesophageal junction cancer. ESMO Open. 2023;8(1):100762.

15.Toru Kadono, Hirokazu Shoji, Hidekazu Hirano, Natsuko Okita Okita, Satoru Iwasa, Atsuo Takashima, et al. The impact of claudin—
18.2 expression in patients with advanced gastric cancer treated with nivolumab. Journal of Clinical Oncology. 2023;41:4_suppl,439-
439.

16.Kim HD, Shin J, Hyung J, Lee H, Moon M, Ma J, et al. Survival outcomes of patients with gastric cancer treated with first-line
nivolumab plus chemotherapy based on claudin 18.2 expression. Gastric Cancer. 2025;28(1):74-82.

17.Kawazoe A, Shitara K, Kuboki Y, Bando H, Kojima T, Yoshino T, et al. Clinicopathological features of 22C3 PD-L1 expression with
mismatch repair, Epstein—Barr virus status, and cancer genome alterations in metastatic gastric cancer. Gastric Cancer.
2019;22(1):69-76.

18.Nakayama I, Qi C, Chen Y, Nakamura Y, Shen L, Shitara K. Claudin 18.2 as a novel therapeutic target. Nat Rev Clin Oncol.
2024;21(5):354-369.

19.Wang C, Wang Y, Chen J, Wang Y, Pang C, Liang C, et al. CLDN18.2 expression and its impact on prognosis and the immune
microenvironment in gastric cancer. BMC Gastroenterol. 2023;23(1):283.

20.Jia K, Chen Y, Sun Y, Hu Y, Jiao L, Ma J, et al. Multiplex immunohistochemistry defines the tumor immune microenvironment and
immunotherapeutic outcome in CLDN18.2—-positive gastric cancer. BMC Med. 2022;20(1):223.
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2. MIZE R Publication of thesis XEE#E L7133 % R {TL TEEL, Attach all of the papers listed below.

Ep & Impact of claudin 18.2 expression on treatment outcomes of first—line immunochemotherapy in patients with HER2—
Title negative, proficient MMR, PD-L1 CPS >1 metastatic gastric/gastroesophageal junction cancer
BEEL Therapeutic Advances in Medical Oncology
Published journal
=:iE
= ~ [=N-]=] H
2025 4 9 A 17 % (5) 1 =] 13 = Language English
F1EES - F2EEA EIEEH
First author Fei Zhang Second author lzuma Nakayama Third author Naoya Sakamoto
FDthZEHEL |Dai Okemoto, Amane Jubashi, Yuki Matsubara, Yu Miyashita, Seiya Sato, Shinpei Ushiyama, Akinori Kobayashi, Ukyo
Other authors Okazaki, Kazumasa Yamamoto, Saori Mishima, Daisuke Kotani, Akihito Kawazoe, Tadayoshi Hashimoto, Yoshiaki
X4 2 . . . .
Title CLDN18.2 in Gastric Cancer: Current Therapeutic Landscape and Future Perspectives
e Journal of Gastric Cancer
Published journal
==
= ~ [=N-]=] H
2026 4 1 A 26(1) *#(5) 127 H 145 ©H Language English
F1EEA - F2EEA . EIEEA
First author Fei Zhang Second author Ukyo Okazaki Third author lzuma Nakayama
ZTOMEES oL
Other authors Kohei Shitara
X4 3
Title
BEEA
Published journal
=:E
= ~ [=N-]=]
& A #(3) " B SR
F1EEL F2EEA EIEEH
First author Second author Third author
ZTOMEES
Other authors
X4 4
Title
BEE4A
Published journal
=:E
= ~ [=N-]=]
& A #(3) " B SR
F1EEA F2EEA EIEEA
First author Second author Third author
ZTOMEES
Other authors
X4 5
Title
BEEA
Published journal
=:E
= ~ [=N-]=]
& A #(3) " B SR
F1EEL F2EEA EIEEH
First author Second author Third author
ZTOMEES
Other authors
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3. FEH K Conference presentation XEEEELLTHES ERSLE2ELTHPLTRELLLOERHL TGS
LY,

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

Ex4
Conference

H OE
Topic

BifE R date &£ B B | BA{ER venue
B method [0 MAEEFK Oral g KRRZ—FEFK Poster Fi
HEEER

Co—presenter

Language O HZAX

anl
o

[m]
ot
Bl

o wHEEE

2h.A
F=

Conference

H OH
Topic

BAME R date F A =] BRfEHE venue

B method [0 MAEERK Oral g KRRZ—FFK Poster Fi
HREER

Co—presenter

Language O BAZE O H®EFE 0O $EE

4
F=
Conference

H OE
Topic

BAME R date &F

A H BAEHD venue

B method [0 MHAEEFK Oral g KRRZ—FFK Poster Fi
HREER

Co—presenter

Language O HBAZE O H®EFEFE 0O $EE

28 .A
F=

Conference

H H
Topic

BAME R date &F

A B | B{ER venue
O RRE—FK Poster

2 method |0 HAZEFZRX Oral

£

S8 Language 0 HAHE O RE 0 HEE
HEEEA
Co—presenter
4. ZE (FFFTEHE) Award (Research achievement)
2 No
Award name E4 o ¥ 7
Country Year of award
&
Award name E4 o ¥ 7
Country Year of award
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5. AMET—ICEAH A D IHEBIEE ZH5 Other research grants concerned with your resarch theme

L e
Receipt record

0%

| i
A

BB & 75

Funding agency

BIpE R

Grant name

ZHaHARE

Supported period

kxv3 o~
Amount received

ZHaRIR

Receipt record

0%

BB & 75

Funding agency

BR &AM

Grant name

ZHaHARE

Supported period

ZiaEE

Amount received

6. D EFEZHA Another awarded scholarship

ZIAERE
Receipt record

O#

B E
EiS

B i B 4

Funding agency

BEEAM

Scholarship name

ZHa AR

Supported period

265

Amount received

7. AR EENZEE T BB F K Press release concerned with your research activities

NERHLI-EEEZ AR LTLIEELY, Attach a copy of the article described below

HEREK

Press release

O#

B &

RERFHAAR

Date of release

FeRHLEE

Released medium

Bt 3

Release method

“FRE -HEE -Web site

REEHER - TOM(

ERIAMIL
Released title

8. AMET—IZEH 9 H4FEFH BEF %E Patent application concerned with your research theme

HEEFE HEEE
Schedulj D Gl . " Application
HERES (B®)
Application contents
9. ZMD1th Others
No
IREEEE () /® ohes Shigaro




Supported by

| ELE P HIEFGRRN 24—0— 5= ¢ YEI7K

G EET)! J GE

THE NIPPON

FE 454 MEEES: P4515 YEp A - 2026438198 FRUNDATCN
K4 7R KOU WEN 14 Al F £ AH 1986/1/24

HEFREEEERE) (BN KXFEE—ERREHI (B X ERHE)

BABESL EEHE)|WBEERRKERZREZHER BT &5 R ML #— BIRELR)

HEr <Ay |BBRENTEMEE/ RHT —SEMPBPKETL T ISR SR UT SV RBEU
7 B EMAEEROTEEMNT

Quantitative Prediction of the Hepatic Clearance and Complex Drug Interactions using PBPK Modeling

Research theme with in vitro Transporter/enzyme Data

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

To investigate the mechanism of nonlinear pharmacokinetics (PK) of edoxaban and its interation with quinidine.
2) B R8 (Approach)

Construct physiologically based pharmacokinetic(PBPK)model to describe pharmacokinetic (PK) of edoxaban after oral (0.05-60
mg) and intravenous administration (30 mg), as well as its interaction with quinidine following edoxaban intravenously.
3) # %l &7 % (Materials and methods)

Parameters were estimated using the Cluster Gauss—Newton method through top—down and middle—out approaches.
4) EER$E R (Results)

Accurate description of renal clearance, which required incorporation of a hypothetical basolateral uptake process,
underscoring the importance of unidentified renal transporters involved in edoxaban urinary secretion. Nonlinearity of dose—
normalized area under blood concentration—time curve (AUC) was highly sensitive to KmP—gp, with intestinal unbound
concentrations exceeding KmP—gp at clinically relevant doses, consistent with intestinal P—gp saturation as the major driver of
nonlinearity. In intravenous edoxaban—oral quinidine drug—drug interaction analysis, quinidine markedly reduced renal clearance
and modestly increased hepatic availability, reflecting inhibition of renal and, to a lesser extent, hepatic P—gp.

5) & %2 (Discussion)

In this study, PBPK modeling employing the CGNM was applied to investigate the mechanisms underlying edoxaban’s nonlinear
pharmacokinetics and its interaction with quinidine, with particular focus on identifying which organ—specific P—gp contributes to
these PK behaviors. Sensitivity analysis of KmP—gp and simulated components of the bioavailability of edoxaban revealed that the
major mechanism of its nonlinear PK is the saturation of intestinal P—gp, whereas the primary mechanism of edoxaban IV-
quinidine DDI is the inhibition of renal P—gp with moderate involvement of hepatic P—gp inhibition.In conclusion, an edoxaban
PBPK model incorporating renal uptake transport enabled physiologically consistent description of renal clearance. Saturation of
intestinal P—gp was identified as the primary contributor to nonlinear PK, while inhibition of renal P—gp was the main mechanism
underlying the edoxaban intravenously administered with quinidine. These findings provide mechanistic insight into transporter
contributions to edoxaban disposition and drug—drug interactions and highlight the importance of tissue—specific transporter
processes in nonlinear pharmacokinetics.
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1. RHE )
6) BFDWMETELLEL BEDESH IR RO BT HE (Self-assessment of the current progress compared to the initial
research plan.)

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

@EBBL1EER (Mostly on track)

BPOENTLS  (Slightly behind schedule)

@KIEw B h T vy 3 (Significantly behind schedule)

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

Our experimental results did not turn out as we initially expected. As a result, we need to pause and carefully validate our
hypotheses to understand and explain these unusual outcomes. This has slowed down our progress, I think that is precisely the
essence of science and also essential for producing meaningful scientific insights.In addition, the process of manuscript writing
and revision has been time—consuming, which has further contributed to the delay in submission.
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2.Daiichi—-Sankyo. Lixiana Summary of Product Characteristics. 2020;
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4. Bathala MS, Masumoto H, Oguma T, He L, Lowrie C, Mendell J. Pharmacokinetics, biotransformation, and mass balance of
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6.0gata K, Mendell-Harary J, Tachibana M, et al. Clinical safety, tolerability, pharmacokinetics, and pharmacodynamics of the
novel factor Xa inhibitor edoxaban in healthy volunteers. J Clin Pharmacol. Jul 2010;50(7):743-53. doi:10.1177/0091270009351883
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Pharmacokinetics of Edoxaban in Healthy Volunteers and the Evaluation of the Drug Interaction with Other Oral Factor Xa
Inhibitors by a Microdose Cocktail Approach. Cardiovasc Drugs Ther. Aug 2024;38(4):747-756. doi:10.1007/s10557-023-07443-2
8.Mikus G, Foerster KI, Schaumaeker M, Lehmann ML, Burhenne J, Haefeli WE. Application of a microdosed cocktail of 3 oral
factor Xa inhibitors to study drug—drug interactions with different perpetrator drugs. Br J Clin Pharmacol. Aug 2020;86(8):1632—
1641. doi:10.1111/bcp.14277

9.Rohr BS, Foerster KI, Blank A, et al. Perpetrator Characteristics of Azole Antifungal Drugs on Three Oral Factor Xa Inhibitors
Administered as a Microdosed Cocktail. Clin Pharmacokinet. Jan 2022:61(1):97-109. doi:10.1007/s40262-021-01051-9
10.Mikkaichi T, Yoshigae Y, Masumoto H, et al. Edoxaban transport via P—glycoprotein is a key factor for the drug’s disposition.
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11.Rohr BS, Krohmer E, Foerster KI, et al. Time Course of the Interaction Between Oral Short-Term Ritonavir Therapy with
Three Factor Xa Inhibitors and the Activity of CYP2D6, CYP2C19, and CYP3A4 in Healthy Volunteers. Clin Pharmacokinet. Apr
2024;63(4):469-481. doi:10.1007/s40262-024-01350—x

12.Parasrampuria DA, Mendell J, Shi M, Matsushima N, Zahir H, Truitt K. Edoxaban drug—drug interactions with ketoconazole,
erythromycin, and cyclosporine. Br J Clin Pharmacol. Dec 2016;82(6):1591-1600. doi:10.1111/bcp.13092
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Research theme Development of Polymer—based Intelligent Extended-release Drug Delivery System for Analgesics

1. wrgeszE (1)

1) B# (Goal)

This study aims to systematically investigate the anti-inflammatory mechanisms of enzymatically digested hyaluronic acid
oligosaccharides mediated by Toll-like receptor 4 (TLR4) antagonism. And based on their molecular characteristics, design and
construct a hyaluronic acid oligosaccharide comb-like copolymer. By optimizing the molecular structure of the copolymer, we seek to
enhance its stability, TLR4 receptor affinity, and anti-inflammatory and analgesic functions, thereby providing a theoretical foundation
and technical solution for the development of highly effective and long-lasting novel anti-inflammatory and analgesic drugs.

2) HkWE (Approach)

(1) Preparation and Evaluation of Enzymatically Digested Hyaluronic Acid Oligosaccharide

Low-molecular-weight hyaluronic acid polysaccharides were enzymatically degraded using hyaluronidase derived from bovine testes
and Streptococcus to obtain mixtures of saturated and unsaturated hyaluronic acid oligosaccharides. The composition of the enzymatic
degradation products will be controlled by adjusting the digestion time and enzyme/substrate ratio. The oligosaccharide mixtures were
characterized using gel permeation chromatography (GPC), proton nuclear magnetic resonance (HINMR), and matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF-MS). The anti-inflammatory effects of the oligosaccharide
mixtures were evaluated by measuring the secretion of inflammatory factors from LPS-activated THP-1 cells co-cultured with the
oligosaccharide mixtures.

(2) Synthesis and Characterization of Comb-like Copolymers

Using positively charged poly-1-lysine as the backbone, hyaluronic acid oligosaccharides were chemically grafted onto the backbone
through controlled reaction conditions to form the comb-like copolymer. GPC is used to determine the molecular weight distribution
and polymerization degree. HINMR is used to analyze the chemical structure and grafting ratio. Surface plasmon resonance (SPR) is
used to assess the affinity of comb-like polymer for the TLR4 receptor. In vivo fluorescence imaging is used to evaluating the
metabolic activity of comb-like copolymers.

(3) Evaluation of Anti-inflammatory and Analgesic Functions of Comb-like Copolymers

The comb-like copolymers are co-cultured with LPS and THP-1 cells. The secretion levels of TNF-a, IL-1p, and IL-6 are measured
using ELISA to validate the ability to inhibit TLR4-mediated inflammatory responses. Furthermore, the pain behavior assessment in a
rat chronic constriction injury (CCI) model and the degree of spinal glial cell activation are used to verify the effectiveness of the
selected comb-like copolymers in alleviating neuropathic pain and inhibiting the transition to chronic pain.

3) #EE 1L (Materials and methods)

(1) Materials:

1 Hyaluronidase from bovine testes 1g, H3506

2 MP Biomedicals Hyaluronidase from Streptomyces Hyalurolyticus, ~2000 U/mg, 151270
3 Potassium Hyaluronate from Bacteria 1g, H1808

4 Lipopolysaccharides from Escherichia coli O55:B5 10mg, L2880
5 Human TNF-o ELISA Kit 96[F] i, 639-42331

6 Human IL-1 beta Instant ELISA Kit, BMS224INST

7 IL-6 Human ELISA Kit 96 tests, BMS213-2

8 THP-1 cell line

9 Others: RPMI Medium, FBS, P/S, MTT, PLL...

(2) Methods:

The methods employed in the project include: enzymatic digestion, cell culture, GPC (Gel Permeation Chromatography), HINMR
(Proton Nuclear Magnetic Resonance), MALDI-TOF-MS (Matrix-Assisted Laser Desorption/Ionization Time-of-Flight Mass
Spectrometry), ELISA (Enzyme-Linked Immunosorbent Assay), in vivo fluorescence imaging, SPR (Surface Plasmon Resonance),
CCI model (Chronic Constriction Injury model), pain behavioral tests, and immunofluorescent staining.
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4) EBER (Results)
(1) Screening the Appropriate Backbones of Comb-like Conjugates

a. Analysis of HAos-g-BSA (hyaluronic acid oligosaccharide-grafted bovine serum albumin)

A Gel Permeation Chromatography B Gel Permeation Chromatography
0.6+ i Native BSA Native BSA
[\ — Bl Ok 1.0 —  BSA-HAos Conjugate

1

Times(min) Timesiming

Figure 1: Gel permeation chromatography (GPC) of HAos-g-BSA. A: Differential refractive index (dRI) detection; B: Ultraviolet

(UV) detection.

Table 1: Gel permeation chromatography parameters and calculated grafting ratio of HAos-g-BSA.

Sample Peak/min dn/de Mw Mn Mw/Mn Peak'min Mw Grafting Ratio

1551-1642 4.99=10° 0.33%

Native BSA 15521871 0.188 4920 4.90=10¢ 1.00%
16481810  4.87x10¢
15.48-1641 S0

BSA-HAns

15481811 0178 49300 4010 1010

Conjugate

16471778 4870

Figure 1 shows the gel permeation chromatography (GPC) profiles of HAos-g-BSA analyzed by differential refractive
index (dRI) and ultraviolet (UV) detection. The shift of the chromatographic peak compared with native BSA indicates
successful grafting of HAos onto the BSA backbone. Table | summanzes the molecular weight parameters and the
calculated grafting ratio, demonstrating that HAos was successfully conjugated to BSA and confirming the feasibility

of synthesizing HAos-grafted comb-like polymers. Generally, the grafting ratio was much lower than expected,

suggesting that the target amino acid residues were not sufficiently accessible under the reaction conditions.

b. Analysis of HAos-g-PLL (hyaluronic acid oligosaccharide-grafted poly-L-lysine)
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Gel Permeation Chromatography
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Figure 2: Gel permeation chromatography of HAos-g-PLL.

Table 2: Gel permeation chromatography parameters of HAos-g-PLL.

Sample Peak/min dnide Mw Mn Mu/Ma
Native PLL 1547-22.81 0,185 LRI 4330 1.872
HAss 18.73.23.08 0145 1AW 28310 1.358
Conjugate Before Dialysis 1647:23.08 0.157 5Mx1P 296210 1.793
Conjugate After Dislysis 17462308 0,157 S0x19 ERLATY 1.382

Figure 2 presents the GPC chromatogram of HAos-g-PLL, showing a clear molecular weight shift compared with native
PLL, indicating successful grafting of HAos onto the PLL backbone. Table 2 lists the GPC parameters, including
number-average molecular weight and polydispersity index. However, the grafting was not successful, which may be

due to the short length of the polymer backbone.

(2) Optimizing the Synthesis and Dialysis Conditions of the Comb-like Conjugates

1) Backbone: PLL 8.11kDa~=16.94kDa
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Figure 3: Gel permeation chromatography of HAos-g-PLL (PLL was adjusted to 16.94kDa).

Table 3: Gel permeation chromatography parameters of HAos-g-PLL {PLL was adjusted to 16.94kDa).

Peak | Peak 2
Elution Elution
! /|
— Mo/ 10* Mw/10¢ Ma/10* Mw/10*
RA-M 1.91-13.37 L1 1.26 1347-1658 [ B) 024
Conjugate

Figure 3 shows the GPC results of HAos-g-PLL synthesized using PLL with a higher molecular weight (16.94 kDa).
The chromatographic peak further shifted toward higher molecular weight regions, indicating increased grafting
efficiency. Table 3 summarizes the corresponding molecular weight parameters, demonstrating that increasing the
backbone molecular weight improved the grafting efficiency and polymer molecular weight. However, the grafting ratio

remained relatively low.

2) Reaction buffer: PBS 100mM pH 7.0 + IM NaCl— Borate Buffer (0.1 M pH §.5)

A5 © HAM confugase befive dnlysis
HA-5 comfupare before diysas
HA-M confage after dalpsis
4 [ < HA-Sd comfugare after diabrin
5 _,/:'\ N
£ g T T T oo U
b L] i ' i“
Timewming
ard

Figure 4: Gel permeation chromatography of HAos-g-PLL (the reaction buffer was adjusted to a borate buffer).

Table 4: Gel permeation chromatography parameters of HAos-g-PLL (the reaction buffer was adjusted to a borate buffer).
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Figure 4 presents the GPC chromatogram of HAos-g-PLL synthesized using borate buffer instead of PBS buffer. The
results show a more pronounced molecular weight shift and a narrower peak distnbution. Table 4 summarizes the GPC
parameters, indicating that the borate buffer improved the grafting reaction efficiency and resulted in a more uniform

comb-like copolymer.

3) Dialysis process: Milli-Q = Stepwise dialysis with decreasing sodium chlornde concentration

Lo
- Micure
MuTwre afier 2 reecive
Mixtwre afier 24k reacon
as Comgupate aer daatys
e —4—4‘*
b ]
FEE

=

1
L

Figure 5: Gel permeation chromatography of HAos-g-PLL (the dialysis process was modified).

Table 5: Gel permeation chromatography parameters and calculated grafting ratio of HAos-g-PLL (the dialysis process was
modified).
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Figure 5 shows the GPC chromatogram of HAos-g-PLL after modification of the dialysis process using stepwise dialysis
with decreasing sodium chloride concentration. The chromatogram demonstrates improved peak shape and removal of
unreacted small molecules. Table 5 presents the molecular weight parameters and calculated grafting ratio, indicating
that the modified dialysis process improved purification efficiency and increased the apparent grafting ratio.

(3) Comparing the Grafting Ratio of Different HAos
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Figure 6: H'NMR spectra of HAo0s-g-PLL with different HAos.

Table 6: Calculated Grafting Ratio of HAos-g-PLL with different HAos.
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Figure 6 shows the H'NMR spectra of HAos-g-PLL synthesized using different HAos. Characteristic peaks
corresponding to HAos and PLL were observed, confirming successful grafting. Table 6 summarizes the calculated
grafting ratios based on peak integration, demonstrating that different HAos exhibited different grafting efficiencies
onto the PLL backbone.
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(4) The inflammatory modulation of conjugates.

- O P
- £ thmgmi ¢ a3 - Mo
o ! £ wgmicrn
‘ [ = L L R
B ¢ g g Ak 2% 1Y
i
!0.'4
]
L.
v

Figure 7: TNF-u secretion level modulated by HAos-g-PLL.

Figure 7 shows the TNF-u secretion levels of LPS-stimulated THP-1 cells after treatment with HAos-g-PLL. The results demonstrate
that HAos-g-PLL significantly inhibited TNF-a secretion in a dose-dependent manner, indicating that the comb-like copolymer
cffectively suppresses TLR4-mediated inflammatory responses and has potential anti-inflammatory activity.

5) %% (Discussion)

By optimizing reaction and dialysis conditions, HAos-g-PLL was successfully synthesized with a favorable grafting
ratio, demonstrating that different HAos exhibit varying grafting efficiencies to PLL. The conjugate exhibited dose-
dependent inhibition of inflammatory cytokine secretion, highlighting its potential as a therapeutic agent for
inflammatory diseases. This work underscores the importance of tailored synthesis strategies and paves the way for
further exploration of HAos-g-PLL in biomedical applications.

6) “PomAGE & EL . REOEBKHO HSiFM  (Sclf-assessment of the current progress compared to
the initial research plan?

(@n Tvd  (Slightly behind@

AR VEATHIAFLEATLIAE. RUTOHE
{ Contents that are ahead of schedule and those that are behind schedule, along with the reasons )

Significant time and effort were dedicated to modifying and optimizing the synthesis conditions of the conjugate. With

the successful synthesis of HAos-g-PLL, the focus now shifts to effectively evaluating its physiological functions,

including its anti-inflammatory properties, biocompatibility, and therapeutic potential.
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=
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Research theme Elucidation of the pathogenetic mechanism of nephrotic syndrome
1. REME)
1) B 89 (Goal)

Podocytes play a crucial role in maintaining the glomerular filtration barrier. Dysfunction of podocytes is a key contributor to the
development of proteinuria and the progression of kidney diseases such as diabetic nephropathy and focal segmental glomerulosclerosis
(FSGS) [1]. The slit diaphragm bridging the neighbouring foot processes of podocytes functions as the final barrier of the glomerular
capillary wall for preventing the leakage of plasma proteins into primary urine [2]. By cDNA subtraction assay, transient receptor potential
melastatin 4 (TRPM4) was identified as a molecule downregulated in the initiation phase of puromycin aminonucleoside (PAN) nephropathy,
a mimic of human nephrotic syndrome with podocyte injury [3—4]. TRPM4 is a monovalent cation channel, and functions to facilitate Na *
influx and consequently suppress Ca’* influx [5]. TRPC6 is expressed at podocyte slit diaphragm and binds to nephrin, a key functional
molecule of the slit diaphragm. It is accepted that TRPC6 plays a central role in the regulation of Ca** influx at the slit diaphragm, and that
gain—of—function state of TRPC6 and increase in Ca®* influx are involved in familial FSGS [6] and in acquired proteinuric kidney diseases
such as minimal change nephrotic syndrome and membranous nephropathy [7]. As TRPM4 can facilitate Na* influx and consequently
suppress Ca** influx [8], we hypothesized that TRPM4 regulates Ca* influx at the slit diaphragm by modulating TRPC6 function and that
the downregulation of TRPM4 increases Ca’* influx and is involved in podocyte (slit diaphragm) injury. In this study, we aimed to investigate
the localization and funciton of TRPM4 in podocytes, and further to investigate the functional interaction between TRPM4 and TRPCG.

2) EB& (Approach)

(DThe expression of TRPM4, and its localization in glomeruli were analyzed.

@The functional interaction between TRPM4 and TRPC6 was analyzed.

@ The pathogenic role of TRPM4 in podocyte injury was analyzed with animal models mimic human nephrotic syndrome.

3) #1 ¥ &5 % (Materials and methods)

MDRT-PCR

The mRNA expression levels of TRPM4, TRPC6, and Nephrin in each organ, tissue, and cultured podocytes were analyzed by RT-PCR.
Glyceraldehyde—3—-phosphate dehydrogenase (GAPDH) was used as an internal control.

@Immunofluorescence staining

Frozen blocks of rat renal cortex were sectioned at 3 (4 m using a cryostat and fixed in acetone for 1 minute. Cultured podocytes on
coverslips were fixed in PLP fixative at room temperature for 1 minute. The stained specimens were examined under a fluorescence
microscope (BX-50; Olympus, Tokyo, Japan).To evaluate changes in TRPM4 staining in the glomeruli of disease model rats, staining
intensity was quantified using scoring system: staining in 275% of the glomerular tuft was scored as 4, 50-75% as 3, 25-50% as 2, and 0-25%
as 1. At least 30 glomeruli per rat were evaluated, and the mean scores of the disease model (n = 3) and normal control groups (n = 5)
were statistically analyzed using an unpaired t—test with GraphPad Prism 5.0 software version 5.04 (GraphPad Software, San Diego, CA,
USA).

®@)Cell culture of human podocytes

The cultured podocytes were maintained in RPMI 1640 medium (Nissui Pharmaceutical, Tokyo, Japan) supplemented with 10% fetal bovine
serum (FBS) (Life Technologies, Grand Island, NY). Undifferentiated podocytes were maintained at 33°C and induced to differentiate by
culturing at 37°C for two weeks. Following differentiation, the expression of the podocyte functional molecule Nephrin was confirmed, and
the cells were collected for further analyses, including RT-PCR, immunofluorescence staining.

@Calcium imaging

The calcium influx in human cultured podocytes was visualized using the fluorescent Ca** indicator Fluo—4 AM. Human cultured podocytes
were seeded in a 96—well plate and incubated at 37°C for 30 minutes with 5uM Fluo—4 AM and 2.5mM probenecid in a calcium—free buffer.
The calcium imaging was monitored by a laser scanning confocal microscope. The Ca’* influx was shown as the Fluo—4 fluorescence
intensity at each timepoint subtracted by the baseline intensity before the stimulation.
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1. IRBE(2)

4) EERHER (Results)

@ Localization of TRPM4.

a. Immunofluorescence studies indicated that the expression of TRPM4 was restricted to the glomeruli in the renal cortex, and TRPC6
exhibited a staining pattern in the glomeruli similar to that of TRPM4.

b. Dual-labeling immunofluorescence and immuno—electron microscopic studies indicated that TRPM4 was specifically expressed in
podocytes within glomeruli and predominantly localized at the slit diaphragm. TRPM4 was almost completely co—localized with TRPCB6.
@ Functional interaction between TRPM4 and TRPC6.

The Ang ll-induced increase in Ca* influx was almost completely inhibited by a TRPC6 inhibitor, indicating that this Ca* influx is
predominantly mediated by TRPC6. Downregulation or functional inhibition of TRPM4 enhanced this TRPC6—dependent Ca* influx.

@ Expression of TRPM4 in Minimal Change Nephrotic Syndrome (MCNS) models.

Both mRNA expression and the immunostaining intensity of TRPM4 were reduced in the initiation phase of PAN nephropathy and anti—
nephrin antibody (ANA)-induced nephropathy.

@ Involvement of TRPM4 in the regulation of TRPC6 function in ANA nephropathy.

The anti—nephrin antibody—induced increase in Ca* influx was almost completely inhibited by a TRPC6 inhibitor, indicating that this Ca*
influx is predominantly mediated by TRPC6. Downregulation or functional inhibition of TRPM4 enhanced this TRPC6—dependent Ca* influx.

5) Z%2 (Discussion)

Our findings demonstrate that TRPM4 is localized at the slit diaphragm, where it co—localizes with nephrin, a key structural protein of this
compartment [9-10]. The absence of overlap between TRPM4 and markers for mesangial and endothelial cells further supports the idea that
TRPM4 is specifically involved in podocyte function, emphasizing its potential role in podocyte injury and repair processes. This observation
is consistent with previous reports highlighting the importance of TRPM4 in regulating podocyte function. Notably, we also observed strong
co—localization of TRPM4 with TRPCG6 in the glomeruli, suggesting a close functional association between these two channels. Given that
TRPC6 is a critical mediator of calcium influx at the slit diaphragm [10], we hypothesized that TRPM4 participates in fine—tuning TRPC6—
dependent calcium signaling. It was found that downregulation or dysfunction of TRPM4 promoted the increase in Ca* influx in a TRPC6—
dependent manner, indicating that TRPM4 functions to suppress Ca* influx mediated by TRPC®6. In pathological conditions, the result of the
altered TRPM4 expression of TRPM4 just 1 hour after disease induction indicated that TRPM4 downregulation serves as a crutial initiation
event of podocyte injury. More importantly, we found that TRPM4 dysfunction augmented the ANA-induced increase in TRPC6—mediated Ca’
* influx, suggesting a novel pathogenetic mechanism underlying podocyte injury leading to the development of proteinuria. In conclusion,
TRPM4 plays a role in suppressing TRPC6—mediated Ca* influx in podocytes. Dysfunction of TRPM4 induces increased TRPC6—mediated Ca
* influx and is a critical initiation event of slit diaphragm injury. In addition, our study highlights that TRPM4 could be an early marker to
detect podocyte injury, and its preservation is conceivable to be a potential therapeutic strategy for nephrotic syndrome.

6) UMD EEFEELL ., WEDES IR RO B (Self-assessment of the current progress compared to the initial research plan.)
DOF AL, EIZHEH L TLVS (Progressing more than expected.)
@B RIEF (Mostly on track)
QBN TS (Slightly behind schedule)
@KIEIZEHN TLVS (Significantly behind schedule)

NEHBELVEATHIABRELENTOSHRE., RUZDER

(Contents that are ahead of schedule and those that are behind schedule, along with the reasons.)
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Research theme Elucidation of the Pathogenesis of Vitiligo and Development of Treatments

1. BIEME ()
1) B89 (Goal)

In our previous research, we found increased matrix metalloproteinase 2 (MMP2) from human fibroblasts is a key factor responsible for
basement membrane (BM) disruption and melanocyte disappearance in vitiligo [1]. Damage to the epidermal BM alters interactions between
epidermal keratinocytes and the extracellular matrix [2]. Epidermal keratinocytes interaction with extracellular matrix components could
affect epidermal homeostasis and keratinocyte phenotypes [2]. There is emerging evidence that keratinocytes in lesional vitiliginous skin are
distinct from keratinocytes in normal skin. In our previous study, we also found the disruption of BM altered the adhesion pattern between
the BM and keratinocytes: there was a reduction in integrin-laminin interactions in basal keratinocytes while collagen XVII -collagen IV
interactions were increased [1]. Under pathological conditions, extensive BM destruction results in enhanced release of cytokines in the
epidermis [2]. MMP2 expression could be regulated by paracrine signaling and numerous cytokines including TGF- 8, TNF-a&, IL-1 3, IL-
6 and IFN- 7 could stimulate MMP2 expression [3-6]. In our previous study, we also found TGF- 8, TNF-a, IL-1 8, IL-6 and IFN- ¥ were
highly expressed in the epidermis of vitiliginous skin [1]. Therefore, we put forward a hypothesis that there may be a vicious cycle in which
MMP?2 destroys basement membrane; the consequent disruption of the BM alters the phenotype of keratinocytes, resulting in cytokine
production, which in turn upregulates MMP2 expression in fibroblasts. Overall, the purpose of the present study is to investigate the
relationship between cytokines from keratinocytes and MMP2 expression in fibroblasts in vitiligo.

2) B #& (Approach)
Cultured human dermal normal fibroblasts were stimulated with various cytokines to detect MMP2 expression and secretion; subsequently,

the signaling pathways of these cytokines responsible for triggering MMP2 production and secretion in fibroblasts were examined. We also
examined whether altering the adhesion mode of keratinocytes affects their production and secretion of cytokines that induce MMP2
expression. In addition, we investigated whether changes in keratinocyte adhesion patterns lead to the acquisition of a senescence-associated
phenotype, thereby promoting increased cytokine production.

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

MMP2 production and secretion were analyzed by RT-PCR, Western blotting and ELISA following TGF- 8, TNF-a, IL-1 3, IL-6 or IFN-
Y stimulation of cultured human dermal fibroblasts. Concentration gradients of cytokines capable of inducing both production and secretion
of MMP2 in fibroblasts were established, and the effects of varying cytokine concentrations on MMP2 production and secretion were
analyzed by RT-PCR, Western blotting and ELISA. The potential signaling pathways involved in cytokine-mediated MMP2 production in
fibroblasts were examined using Western blotting. Specific pharmacological inhibitors were further applied to block cytokine-activated
signaling pathways, and their effects on downstream signaling and MMP2 production were evaluated to verify pathway involvement.By
either knocking down ITGA3, ITGA6 or ITGB1 expression in keratinocytes using siRNA technology or modifying the coating substrates of
culture dishes from laminin to collagen, we examined whether alterations in keratinocyte adhesion could modulate their production and
secretion of cytokines. Finally, p16 immunostaining and /3 -galactosidase staining were performed to determine whether changes in adhesion
patterns induce a senescence-associated phenotype in keratinocytes.

4) RERFER (Results)
We found that TNF- & and IL-1 8 could induce MMP2 production and secretion in cultured human normal dermal fibroblasts, and this

effect was associated with activation of the p38 signaling pathway. In addition, TGF- 8 also induced MMP2 production and secretion in
fibroblasts, which was dependent on activation of the SMAD signaling pathway. Inhibition of p38 or SMAD phosphorylation respectively
suppressed TNF- & - and IL-1 8 - or TGF- 8 -induced MMP2 production and secretion.Furthermore, inhibition of ITGB1 expression in
keratinocytes or replacement of the culture substrate from laminin to collagen IV induced a senescence-associated phenotype in keratinocytes
and promoted the secretion of TNF-a and IL-1 3.

5) Z %% (Discussion)

The shift in keratinocyte adhesion from integrin—laminin to collagen XVII-collagen IV induces a senescence-associated phenotype in
keratinocytes, leading to increased secretion of TNF- ¢ and IL-1 8 . The elevated levels of TNF- & and IL-1 3 further promote MMP2
production and secretion in fibroblasts through activation of the p38 signaling pathway.

In addition, TGF- 8 can also stimulate MMP2 production and secretion in fibroblasts via activation of the SMAD signaling pathway;
however, its production appears to be independent of changes in keratinocyte adhesion patterns.
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Research theme Novel approach to pathogenesis of endometriosis and adenomyosis
1. FRME)
1) B#J(Goal)

It is widely accepted that endometriosis and adenomyosis is an estrogen dependent chronic inflammatory condition, and several proin
flammatory cytokines may play an important role in its pathophysiolog.The purpose of this study was to establish a novel mouse
model that combined endometriosis and adenomyosis.
2) BB (Approach)
We attempted to mimic the mechanical damage of the endometrium, which is generally considered a main cause of adenomyosis in
the mouse uterus. Experimental endometriosis in mice was surgically induced and to determine the cardinal features of
endometriosis.
3) # # &A% (Materials and methods)
3.1 Induction of adenomyosis by mechanical stimulation of the mouse uterus
All adult female mice (8—16 weeks old) underwent ovariectomy 1 week before the uterine puncture procedure to eliminate the
influence of estrous cycle. Ovariectomized mice were anesthetized by isoflurane and laparotomized with median abdominal incision.
Uterine horns in each mouse were punctured 100 times per 1 cm using a 30 G needle throughout the myometrium and endometrium.
The needle penetrated the uterus, and the needle puncture was performed 100 times per horn in each mouse. The mice were then
sacrificed in specific postoperative periods, and both horns were collected from each mouse for histological analysis.
3.2 Experimental endometriosis
Experimental endometriosis in mice was surgically induced. Briefly, all mice were ovariectomized then injected subcutaneously with
estradiol (0.5ug/mouse). After 1 week, donor uteri were removed en bloc after euthanasia. The removed uteri were slit longitudinally
with a linear incision and minced into pieces approximately 0.5 mm in diameter using dissection scissors and a surgical scalpel. To
create experimental endometriosis, recipient mice were anesthetized using a mixture of medetomidine, midazolam and butorphanol
(0.3, 4.0, and 5.0 mg/kg, respectively). Laparotomy was performed through a 0.5-cm sub abdominal midline incision. The incised
peritoneum was then closed by suturing. Sham surgeries performed in control mice comprised only opening and closing of the
abdomen.
3.3Preparation of donor and recipient mice were used for experiment
The animals were divided into four groups: mice with surgically induced endometriosis (ENDO)and adenomyosis(ADENO) at the same
time (ENDO+ADENO), A total of 28 BALB/c mice were used as recipients, 14 as donors, and 14 as adenomyosis group, and 7 as
sham controls.
3.4 Tissue preparation for hematoxylin and eosin staining (H&Estaining),Immunohistochemistry,Masson trichrome staining and reverse
transcription—quantitative polymerase chain reaction and was performed as described.Proliferation was evaluated by Ki67 IHC; For
vascular density evaluation, CD31, a marker for endothelial cells, was used to detect blood vessels. macrophages were evaluated by
F4/80.Fibrotic regions were identified using Masson’ s trichrome staining. previously
3.4In vivo assessment of vaginal pain by quantification of visceromotor response.
4) EE&#E R (Results) Please see the second page
5) %22 (Discussion) Please see the second page
6) BHDMAEETE L, IREDEHW IR RDB MM  (Self-assessment of the current progress compared to the initial research
plan.)

@PPENTLVS (Slightly behind schedule)
DEBELYEATOHIRELENTOIRNE. RUZOER
(Contents that are ahead of schedule and those that are behind schedule, along with the reasons.)
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1. AEHE(2) Results:

1. Establishment of a mouse model combined with endometriosis and adenomyosis

Endometriosis and adenomyosis share as a common feature the presence of ectopic endometrial-like tissue. In this study, we
successfully established a novel mouse model combining endometriosis with adenomyosis induced by direct mechanical puncture of
the uterus and injecting minced donor uteri. In the ENDO+ADENO combined mice model, we analyzed the formation of ectopic
lesions 4 weeks after the induction of the endometriosis and adenomyosis. For the combined model, we conducted puncture to
induce adenomyosis firstly, then transplanting uterus fragments from donor mice into recipients to create endometriosis model. We
created experimental endometriosis mimicking the early stages of human endometriotic lesions by injecting minced donor uteri into
the peritoneal cavity of recipient mice. Cysts were observed on the surface of the peritoneum, fat tissue, pancreas, and mesentery.
The cyst preferred specific locations around the suture site, pancreas and fat tissue in both ENDO+ADENO combined mice model
and single ENDO model. However, we discovered a unique phenomenon in the combined model that endometriotic like cysts were
adherent to the uterine serosal layer of all the ENDO+ADENO mice. Most of the cysts were transparent sac—like structures
containing endometriotic cyst fluid, similar to that observed in the early stages of human endometriotic lesions. There were no
significant changes in body weight among four groups. There was significant difference on uteri weight between ENDO+ADENO
group and other groups (P<0.05). There was significant difference on total number of endometriotic—like cyst between
ENDO+ADENO group and ENDO group(P<0.05). But there was no significant difference on total weight of endometriotic—like cyst
between two groups.

Subsequent changes of the endometrial invagination into the myometrium in adenomyosis mice were also observed. H&E staining
and immunohistochemistry on day 28 revealed that the myometrium contained CK8—-positive columnar epithelial cells with a CK8—
and aSMA—negative stromal layer. The grade of adenomyosis was evaluated using criteria previously described by Bird et al. This
classification is based on the depth of myometrial infiltration of adenomyotic foci on histological sections by grading the severity
according to adenomyotic involvement of the inner third (grade 1, superficial adenomyosis), two—thirds (grade II), or entire
myometrium (grade III, deep adenomyosis). In our ENDO+ADENO and only adenomyosis mice model, we observed a disruption and a
distortion of the myometrium of all adenomyosis—induced mice. The invasion of the muscle layer by epithelial and/or stromal
endometrial cells was observed in 100% of puncture—treated mice. Contrary to what is observed in mice with adenomyosis, the
myometrium of control mice is composed of two well-defined layers without discontinuity. The average grade of myometrial
infiltration in the ENDO+ADENO mice was significantly higher than that in the ADENO mice

2. Changes in cell proliferation, vascular density, and fibrosis of ectopic lesions

The percentage of Ki67 positive cells in epithelial part of the lesion was significantly higher in ENDO+ADENO group than in the
ENDO, ADENO and Sham group. The epithelial cell proliferation in ENDO and ADENO group significantly increased compared with
the sham group, while between the two groups, the percentage of Ki67 positive cells was no significant change. As for vascular
density, the expression of CD31 was significantly higher in ENDO+ADENO group. The extent of lesional fibrosis was significantly
elevated in ENDO+ADENO mice model

3. ENDO+ADENO lesions show increased macrophage recruitment

Macrophages are important inflammatory cells that can compromise normal function in the reproductive tract and cause pathology.
Given that endometriosis is associated with inflammation, the infiltration of endometrial implants by host macrophages was
compared by evaluating the numbers of F4/80—positive areas in four groups. F4/80 increased in ENDO+ADENO mice compared with
the ENDO (P = 0.0002) and ENDO (P = 0.0146) groups and also with sham mice (P < 0.0001). There was a strong tendency towards
an increased expression of F4/80 relative to ADENO mice compared with sham mice. But there was no significant difference.

4. Expression of inflammatory and invasion related genes in uteri and cyst tissue

To understand the detailed molecular mechanism regulated by inflammatory and invasion related genes: IL—6, IL-1 8, COX-2, PTGS2,
IL-33 and Vegf, TNC, MMP10. We focused on chemotactic factors related to immune cells because immune cells initiate wound
healing and tissue regeneration. Notably, compared with the other three groups, the expression of IL-33 was greatly elevated in
ENDO+ADENO mice. The expression level of Tenascin—C was significantly upregulated in ENDO+ADENO mice compared with those
in the ENDO and Sham mice. The TNC expression tended to decrease slightly in the ADENO mice, although not significantly.

5. Evaluation of the sensation of murine vaginal pain

Next, we assessed vaginal pain sensation in mice by measuring the latency of VMR using EMG signals evoked from the abdominal
muscles in response to vaginal distension. Four weeks after the puncture, transplantation of minced donor uteri or sham surgery, we
recorded the VMR.

The results showed that the VMR latency was shorter in ENDO+ADENO mice than in the sham—operated mice, indicating
hyperalgesia in combined model.

Discussion

Uterine adenomyosis and endometriosis often coexist and their features are similar. Overall, despite its apparent high prevalence,
currently, its clinical management is still a challenge, largely due to its poorly understood pathogenesis and pathophysiology. The
EMID hypothesis and its supporting experimental data strongly suggest that iatrogenic uterine procedures increase the risk of
developing adenomyosis, and the risk is proportional to the extent and severity of injury to the EMI or the amount and severity of
EMID. Punctual adenomyosis model is also EMID—-induced adenomyosis. We successfully set up the murine model that combined the
feature of adenomyosis and endometriosis. This combined model can help us to shed light on the pathogenesis of adenomyosis and
endometriosis. Our mouse model mimics the internal adenomyosis and peritoneal endometriosis even with its limitation, should be
considered as a breakthrough for the investigation of adenomyosis and endometriosis.
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