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1. W (1)

1) BHAY (Goal)

AWFTEO BRI, HREESERE ST 222, EEEE. B X UGRAMERED = RN, FFHORR L L BIZEWITED
L OICHE LAV, MEEHFOEBIN AR 7o AZ R L TWEONZHLNNI T2 LICH) £1, BaEmtEc2 0z~ A
WZBWT, BAE TP OSITMEEEER Y A7 KTFORFEICH Y T2, ZHETOMFEDL 1T ZHEHEOBHEZFH
ZMHBIRAfR E LTHE A DICE EF o TRV, REOFH ML G LRI 2 S TRERIC OV TR mA SO TV E
A, AFFEIE. HERTRORAERFZE LT, COERPMMOBEROHERFCIE T 2B T2 BTHIZE L R VB D00 ERET
HIEEBEBELET, 2k, B3 HEEIIRICE EE 50, IV REMRILIZEE S\ S 72 ABREE ORI E
53 5E0MN e T AR T D 2 EERKOZAREE L THET,

2) HEW% (Approach)

AWFFEClL, TERDOMEWAENT CIZIRFZE E SN B TH S 2B ADOFHE (Trait) & BN L (State) Z0BET Dakit &£
HALE L7, MIEOGHEAGLE LT, ®D5ANDOHESINNEDONBHOFEKEEEZB 2 TEE - 72BRIC. TN EBOHIE -

REEREO M LA FES|T L0 E I D ERIET HMLENRS Y T, ZOmEE BB LT 570, BRI RERILSRVET L
(RI-CLPM) ZHERSEICEALE L7z, ZO7 7 —FI2k 0, AAMORENZRZREZPER L, MANTOEL O LB A K
MOMEIIZ G 2 DM e B et 5 ERREL 0 £,

3) #EFE FFiE (Materials and methods)

AWFFEIL, & EROEMIH TREFEMEI N TWDIaIa=T 4 « T2 RU A2 MIET AR (CECHRE) DORGHIEIL L
TWET, 20144ED 520204 £ TO3IWIZH = DBH T — 2 2V, EFREICEE L23074 2 ohxg & LE Lz, B0
e Uik, AR BR Y 2897 1ST RS EEHEE) 288 L, FiRes X OSBMEERE O IZIZKihon Checklist

FEAF =7 VAN BMBABLE LT, BEHOITICTBWO T, BHROGGERBIRR IS RI-CLPMA IV, 4B, PRI,
s, Seasikie, mhorikin e Wo mAIG A LB L LTHIE L E LZ, ZhUC kY, AR E LIS AN AL
M OB 2 R ERAIC R L Lz,
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1. WFEE (2)

4) FEERER (Results)

NS ZREE E N EREY AR SRV T L (RI-CLPM) 12X 20T 0GR, ET VOB EEIIMBO TREFTH Y, IR
B SICHER SN E Lz, BRI RE S LT, % PHIpfE (PPP) 130.336% kL, BllSN- 0 A “HRE L EHRINTZED
ZEOBUWERRMIZTEr 24 A TEY (-38.346 to 57.571) . AREFANEMERNTT — X ZWMEUNCHH L TVA I EARS
E L,

F9. AR L~ (Between—person level) DOFGFLAIFRIEICEWT, &S0 T o # 2E) 1%, EEBEGE (r = 0.682

95% CI [0.427, 0.933]) 3B X OEMERE (r = 0.471, 95% CI [0.191, 0.708]) OF L X LUF L FENFNAEE R EOHES
RUE L, F72, EEMEEE L SRAERED 7 o X DU AL EOMBENRD Sk Lz (r = 0.444, 95% CI [0.102
0.774]) o ZNHOMALL, EMMOICR THSIEERNIER ML E, RS L ORISR0 KENR U TR, BEMNRE
{b7a 7 7 A (Trait-like profile) ZHEEK L T % & 5 GmBRAOEGR 2 SHAHT TV E T,

— 5T, AN L~ (Within-person level) 23517 2 B2 RIIRHERR ORGSR, SFEMD X A LT T2V THRIE DA M
DEE % B ED| T 5 R ERIENE (Cross—lagged effects) (X, GHEIOT —& TIIMHAMICFFENEFATLE, B
WENTIE, ISIN O iES, ISINHEREN, & D WITEEIN LRI ~DETDONNATE N T, EERE DISHE A IXMITE o 28
WTWE L7z, Zid, &I DHEEHERF OIS, 3LV ) T 7BV TR ZTI oK L LD b, T L ALK
SNTEADY Y —ARAEIEY FOLZEMIIEIL L TWDZ EEREBELTWVET,

E 51T, ATEEBRORBE R LR, RERECH RSB INE L OSEEEED 7 > # LY e L THERERIED
Bz /R LE Lz (B9 B = 0.187; %&#8: B = 0.220) , ZAUT LY., BEAOHSBEFCH RN, ZENIHEEE
MR A X2 D EELHEFHERNTH S Z L AmEBMNICEEHEE L,

5) #&%% (Discussion)

ARWFFEO TG R, HIRTEE @EE BT 2SN, BB, 3 X OWRAEREN ., M2 5 — @O E ) 2 R OER TIEAR
<L AWVICEES #HEY Lz TBER VAT A 2L TWALZ EERBELTHNET,

F7°, AR LV TORVHEIL, EEIC IS T DB L IR ) Y — ADEREIC L o THABNTND L ) RB
BEATCWET, UL, SATHIENERT S [EREFERE (Cognitive Reserve) | ORf&E LA L. IR REESATEN
B - N7 il A E o T, BIUICKT T HBAMIBE L UCTHERE L TV A ATREMEZ R L CUVVET,

— 07T, HARNOENN 2 ZFZZBIEH RO LR o T fild, AR OEERGRBEARE T, Jiu, 3F L v S UM
NTIX,. HOERO—FFREFHNEHIIMD R A A OBEOELEFRE T HIITEL RNV LEERLET, ZORR
W, AEEZIMBEHINZ ThAD L I— (BENS) | EW0WH L0, ©ULARMMNA MERY ¥—7 (&) | & LTEHR
LTWDEWIFITe izt LET, 2F 0, "l ORFELTL 720X, FHMRARy MIOFEEELY &, &
TEFARIIR S U7 Rt e B B OMERER AR R TH H L F X E T,

Fo, HEEL L THW B FIRISRRBIREDERE L ~ LD +H (T 0R) ICABICHS LW EFHEIT, BREENR
MWELV AT LOREMERET D B THHIEZRLTVWET, Lo T, SBRONETHBERICB O TIX, A
BIOBEREN DO 70 6T, BB BB EFELB L [EEOBEOHLERED ] ZHAMICHED 2 Z &3, FBIE TP O Rk
ATRE7R IS & LT TARITh D L BEINET,
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Research theme Development of Diabetes Therapy by Regulating Functional Pancreatic 8 —cell Mass

HIER X ELE O iElE L val

L. BRFERRE (D

1) HE (Goal)

The purpose of this study is to clarify the molecular mechanisms that regulate pancreatic B —cell
maintenance under metabolic stress. Pancreatic B-cell failure is one of the central pathological features
in diabetes, and both insufficient proliferation and enhanced cell death are thought to contribute to the
progressive decline of B -cell mass and function. In this context, my doctoral research focuses on two
related themes. The first is the establishment and validation of a B —cell-specific inducible conditional
knockout mouse model targeting a cell-cycle-related factor (protein X) that may participate in B -cell
proliferation. The second is the investigation of a protective signal that may suppress stress—induced B -
cell apoptosis through cooperation with the FGF (fibroblast growth factor) pathway. By studying these two
themes, this study aims to obtain an understanding of how B -cell mass is preserved during the progression
of metabolic disease.

2) ¥i#& (Approach)

This study was conducted using two research themes.

i) A B-cell-specific inducible conditional knockout mouse line was generated in order to establish an
experimental system for analyzing the role of a cell-cycle-related regulator (protein X) in pancreatic B -
cells. At the current intermediate stage, priority was placed on confirming B —cell-specific genomic
recombination in pancreatic islets and validating the reduction of target expression by multiple methods

ii) Using isolated islets and B -cell experimental models, I examined whether a candidate fibroblast growth
factor (FGF X) could exert a protective effect against diabetogenic stress. Particular attention was paid to
stress—induced apoptosis, because preservation of B -cell survival is considered essential for maintaining

B -cell mass. In addition, pathway analysis will be performed to explore whether the observed protective
effect is mediated by interaction with another receptor-related signaling system.

3) ##l& J7iE (Materials and methods)

i) For protein X project, Mice carrying a floxed allele were crossed with an inducible B -cell-specific Cre
driver line to generate conditional knockout mice. Following induction, pancreatic islets were isolated and
used for molecular validation. Genomic recombination was examined by genotyping PCR and genomic DNA PCR. In
addition, reduction of target expression was evaluated by quantitative PCR, immunoblotting, and
immunofluorescence analysis. These procedures were performed to confirm B —cell-specific recombination
occurred in pancreatic islets and that the targeted factor was sufficiently reduced at both the nucleic acid
and protein levels.

ii) For FGF X project, isolated mouse islets and B -cell models were cultured under several stress
conditions relevant to B -cell dysfunction, including high—-glucose stimulation, fatty acid exposure, and
endoplasmic reticulum stress. Apoptosis was mainly assessed by TUNEL analysis combined with insulin
staining, thereby enabling evaluation of B -cell-specific cell death. In addition, insulin secretory
function, proliferation-related assays, gene expression analysis, transcriptomic analysis, pharmacological
inhibition, and knockdown experiments were performed to examine the mechanism of the protective effect.
Human islets were also investigated to determine whether the findings are conserved across species.
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1. ARBE(2)

4) EER#ER (Results)

i) A B —cell-specific inducible conditional knockout mouse model targeting protein X was successfully generated. After induction
by Cre recombinase, B —cell-specific genomic recombination was confirmed using isolated pancreatic islets, and decreased target
expression was supported by multiple validation methods, including PCR-based assays, quantitative gene expression analysis,
protein analysis, and immunostaining. Besides, the MING cell model with shRNA-mediated knockdown of protein X was
successfully established, and reduced expression of protein X was confirmed.

ii) The functional study indicated that FGF X exerts a protective effect against stress—induced 3 —cell apoptosis. The anti-
apoptotic effect of FGF X was observed under high—glucose conditions and was further confirmed under fatty acid stress and
pharmacologically induced endoplasmic reticulum stress. A similar protective effect was also detected in human islets, suggesting
that the underlying mechanism of FGF X is also conserved in human islets. By contrast, no clear enhancement of glucose—
stimulated insulin secretion or proliferative activity was observed.

5) &% (Discussion)

The present study has generated two important outcomes at the intermediate stage.

First, for the protein X theme, I have established a validated 3 —cell-specific inducible conditional knockout mouse model for
analyzing the role of a cell-cycle—related protein (protein X) in mice. In future studies, I plan to evaluate the knockout mice under
conditions associated with increased metabolic demand, such as high—fat diet feeding and pregnancy, because 3 —cells normally
show adaptive expansion under these conditions.

Second, for the FGF X theme, my results revealed that FGF X plays a role in protecting B —cells from stress—induced apoptosis.
However, FGF X did not affect insulin secretion or B —cell proliferation under the present experimental conditions. These findings
suggest that FGF X may act directly on an apoptosis—suppressing signaling pathway. In future studies, I plan to further analyze its
anti—apoptotic mechanism by pathway analysis under metabolic stress conditions and to clarify the involvement of the receptor—
related pathway identified in the present study. I also plan to perform RNA sequencing analysis to identify gene clusters whose
expression is affected by FGF X administration.
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Elucidation of the microenvironment and nanostructures of biomolecules using fluorescence blinking by

Research theme . . . . ;
redox reaction for single molecule analysis and diagnosis

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

In this research, the “Kinetic Analysis based on the Control of redox blinking” (rKACB) strategy is introduced to quench—based
antibody probes (Q—bodies) and DNA origami.[1] This study aims to broaden the application range of rKACB, provide a novel
perspective for improving medical diagnostic efficiency, and advance the development of single—-molecule measurement techniques.
2) Bk B& (Approach)

Fluorescent signals from a single fluorophore often show time—dependent fluctuations between bright (ON) and dark (OFF) states,
which are like blinking (Figure 1). Blinking can occur in response to various chemical reactions and is involved in super-resolution
microscopy. By controlling blinking, it is possible to observe changes in the microenvironment around the fluorophore. This method is
termed kinetic analysis based on the control of fluorescence blinking (KACB). To accomplish real-time single-molecule measurement,
the redox—blinking-based KACB (rKACB) is proposed. FeDTPA as an oxidant and VcP as a reductant are used to mediate redox
reactions of blinking. The rKACB method makes it possible to study phenomena that are not accessible in ensemble experiments and
can minimize the amount of sample needed for analysis and diagnosis.

ON state OFF state
_ Excilec state

Tnplelslale radical cation,
_ orradical anion state

Excitation Emizsicn
React or energy trarsfer
with melecules
Cround state

0

—
ON state fluorophore OFF state flucrophore
(= fluorescent) [= non-fluorescent]

Schematic time trace

@......@.@.@..@.

- - - — Time

Figure 1. Concept of fluorescence blinking. A fluerophore transits between a fluorescent ON

. state and a dark OFF state, allowing for the extraction of Kinetic parameters. . _r
The primary meth 9 P ating the blinking

patterns of fluorophores, we can dynamically monitor the microenvironmental and nanostructural changes of biomolecules. We
designed a VcP (excessive reductant) and FeDTPA (adjustable oxidant) system to mediate these blinking patterns (Figure 2A). Due
to the bulky steric hindrance of FeDTPA, its reaction rate highly depends on its accessibility to fluorophores anchored on
biomolecules (e.g., duplex and hairpin DNA structures).

Q-bodies are effective quench—-based probes that exhibit fluorescence recovery upon antigen binding.[3] However, their performance
is often limited by specific fluorophore requirements and the rigid distance constraints between tryptophan and the fluorophore,
leading to weak fluorescence recovery in certain cases. Exploiting the high sensitivity of rKACB to steric confinement, we can
achieve robust observation of binding events that conventional Q-body assays struggle to resolve (Figure 2B).

Furthermore, DNA origami has emerged as a powerful tool in nanotechnology and targeted drug delivery due to its precisely
programmable spatial addressability.[4] In this research, we harness this feature to design DNA nanocages of varying sizes (Figure
2C). This platform will quantitatively evaluate how the accessibility of
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FeDTPA to internal fluorophores influences their redox blinking patterns.

-]
Wy
(@)

ON state _OFF siate

biinkin

g in the Q"—bod'y'. (C) Deéic_{n of programmabie DNA n:anc')c':ages.

3) #t ¥t &A% (Materials and methods)

To validate the rKACB method in Q-body systems, we selected three fluorophores—TAMRA, ATTO 520, and BDP(TMR)—based on
their distinct fluorescence recovery performances upon antigen binding. Fluorescence intensity and polarization measurements were
conducted to confirm probe functionality. Subsequently, Q—body samples at the nanomolar level were analyzed using confocal
microscopy—based FCS to obtain blinking kinetics. For the DNA origami project, custom DNA nanocages are being designed and will
be subjected to the FCS measurement with the rKACB method.

4) RER#ER (Results)

Based on established prior evaluations of these Q—body probes, fluorophores are known to be rigidly restricted within the VH-VL
interface in the absence of the antigen, while being released into the external environment upon specific antigen binding. Crucially,
these distinct structural states were successfully captured by our rKACB method. The FCS autocorrelation curves of ATTO 520
scFv exhibited a stark contrast: the unbound sample (Figure 3A) displayed a complex, merged curve, whereas the antigen—bound
sample (Figure 3B) showed clearly separable blinking and diffusion components. Furthermore, the dark—state duration time ( T OFF)
of the exposed ATTO 520-scFv exhibited a clear dependence on the oxidant. As shown in the respective FCS curves (Figure 3C)
and the quantitative plot (Figure 3D), T OFF decreased significantly as the FeDTPA concentration increased. This confirms that
rKACB can effectively distinguish the antigen—binding states of Q—body probes.

A C

Raw Data
Fitting

Gmu

w/o antigen w/ antigen

Gltau)

1w of 10 100 10t 100 10t I T T T N

B D

Raw Data

w/ antigen w/ antigen

Timelus FeDTPA (mbd)

Figure 3. FCS analysis of ATTO 520-scFv using the rKACB method. FCS correlation curves of
the Q-body (A) without and (B) with antigen. (C) FCS curves of the antigen-bound Q-body at
different FeDTPA concentrations. (D) Dependence of the 15 on FeDTPA concentration.

5) Z %2 (Discussion)

While the FCS correlation curves of ATTO 520-scFv successfully differentiated the binding states, the unbound sample did not
exhibit the expected uniform “slow blinking.” Instead, the merged components suggest that further optimization of the experimental
conditions (e.g., oxidant/reductant concentrations) is required to fully resolve the finer structural details of this restricted state.
(Future Perspectives) While the fundamental mechanism of rKACB has been well-established, precisely evaluating how spatial
confinement affects the blinking pattern remains our primary objective. To address this, we take advantage of DNA origami, which
allows us to strictly control the sizes of rigid cavities (e.g., 6 nm to 15 nm). The next phase of this research will start with the design
and fabrication of these different—sized DNA nanocages.

This systematic approach will ultimately provide theoretical guidelines for developing highly sensitive biosensors for advanced
clinical diagnostics.
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1. AEHMEN)
1) B89 (Goal)

Periodontitis has been shown to exacerbate intestinal and extra—intestinal inflammation via dysregulation of the oral—gut axis [1].
Periodontitis and systemic inflammatory diseases share common pro—inflammatory cytokines [2]. Current research largely
emphasizes microbiota—dependent mechanisms [3], whereas shared immune pathways linking periodontitis with systemic
inflammatory diseases remain unclear. This study focuses on identifying common immune pathways between periodontitis, colitis,
and renal inflammation as a novel entry point.

\ Frailty ) Healthy
2) BXB& (Approach) ®g %“
Aging and chronic inflammatory states are increasingly % ' '_T.”.TT_'/\L/ @
. . : . ’ P '
recognized as core manifestations of frailty [4]. - : 4
Periodontitis triggers systemic immune dysregulation [5]. ! /‘
This altered immune state affects distant organs, % &

antifammatory cytokines

such as the gut [6] and kidney [7], leading to E@ '\_/

inflammatory responses through shared immune pathways [8].
Inhibition of shared immune pathways may attenuate
periodontitis—associated inflammation while

also reducing inflammatory responses in distant organs.

By establishing separate experimental models of periodontitis and colitis, this study aims to investigate immune signaling
pathways that are activated in distant organs under each disease condition. In addition, shared immune pathways commonly
dysregulated in both models will be identified. Upon elucidation of these mechanisms, targeted modulation of periodontitis—
associated immune pathways may provide a potential strategy for the coordinated treatment of diseases affecting remote organs.

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

A drinking water—induced colitis model was developed in male C57BL/6J mice given 3% Dextran Sodium Sulfate (DSS) solution
at 8—-10 weeks of age. A ligature—induced periodontitis model was established by bilateral ligation of the maxillary second molars
for 21 days in 87 10-week—old male C57BL/6J mice.

Morphological changes were assessed by Hematoxylin and Eosin(H&E)staining. The number and size of goblet cells, mucus
production or basement membrane alterations were evaluated by Alcian Blue/Periodic Acid—Schiff (AB—PAS) staining. And
mucus production or basement membrane alterations were evaluated by Alcian Blue/Periodic Acid—Schiff (AB-PAS) staining.
The localization and expression of target protein in intestine and kidney under cellular level were examined by
Immunofluorescence staining.Real-time quantitative polymerase chain reaction(qPCR) was used to examine the expression of
cytokines in the gingiva, intestine, and kidney. RNA sequencing was performed on the gingiva, intestine, and kidneys of treated
and untreated mice to assess the activation of shared pathway.

4) EERFER (Results)

Mice were euthanized after seven days of drinking water containing 3% DSS followed by one day of sterile water. Body weight
loss began on the fifth day of DSS administration, with a significant difference in weight loss rate compared to the control group
by the sixth day.
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1. REMWE(2)

4) EER§E R (Results) (Continued)

The disease activity index (DAI)score (comprising three parts: body weight loss, stool consistency, and rectal bleeding) was used to
assess the severity of colitis in mice. On day 3 of modeling, DAI score in the DSS group were significantly elevated compared to
the control group. Upon sacrifice, colon length measurements revealed that the DSS group exhibited a colon approximately 1 cm
shorter than the control group, with visible blood present within the colons.

Periodontal disease models were created by ligating the bilateral maxillary second molars in mice. Ligature were inspected weekly
for dislodgement, and mice were euthanized after 21 days, when severe ligature—induced periodontitis (LIP) was established.

H&E staining revealed structural disruption in the colon of both DSS and LIP groups, accompanied by extensive inflammatory cell
infiltration. AB—PAS staining demonstrated that mucins in the healthy mouse colon were classified as acidic, neutral, or mixed, with
uniform distribution. However, in the DSS and LIP groups, a reduction in goblet cell numbers was observed, along with severe
disruption of mucins function. Acidic and neutral mucins were scarcely visible, replaced instead by a small number of mixed mucins.
gPCR analysis comparing cytokine expression levels in gingival, colonic, and renal samples from DSS group, LIP group and control
group revealed upregulation of the pro—inflammatory cytokine (/-6) and downregulation of the anti-inflammatory gene (£di/3).

5) % 2% (Discussion)

Based on the above findings, we propose the following hypothesis: Periodontitis, colitis, and nephritis share a common
developmental pathway, potentially involving the activation of systemic immune responses and disruption of immune homeostasis.
Previous studies have suggested that oral pathogens may translocate to the gut and contribute to local inflammation. This study
will focus on the host immune response itself, aiming to identify an immune pathway activated by periodontitis. Key signaling
molecules within this pathway may mediate inflammation in distant organs via the bloodstream.

However, this study currently has certain limitations. First, in evaluating periodontitis models, the assessment primarily relies on
ligation duration, lacking quantitative analysis of alveolar bone resorption and histological evaluation of attachment loss. Second, the
current immunofluorescence staining focuses on subcellular localization of proteins, making it difficult to accurately assess their
macroscopic distribution at the tissue level. Inmunohistochemical staining will be supplemented in subsequent studies to clarify the
tissue localization of target proteins. Third, the current qPCR assay detects a limited range of cytokines, potentially introducing
selection bias. Future work will integrate RNA sequencing results to screen and validate a more comprehensive set of target genes.
Currently, RNA sequencing samples from periodontal, colonic, and renal tissues have been submitted for analysis. Ideally, we will
identify immune pathways co—enriched in periodontal tissue, colon, and kidney during inflammatory states through bioinformatics
analysis. This will serve as a starting point for in—depth validation of the immune-related association between periodontitis and
systemic inflammation at both the gene and protein levels. This study aims to provide novel adjunctive therapeutic strategies for
systemic diseases associated with periodontitis and offer new insights into understanding and intervening in age—related
inflammatory responses.
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XA 4
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1BEEEA
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3. FEH KR Conference presentation XEEEELLTHES ERSLE2EL TIPS TRELLLOEREHL TS

Ly,
X Describe your presentation as the principal presenter in major academic meetings including general meetings or international
meetings.
S E . e sk T A
F+REBRBERLDERR
Conference
A B @2k ASDROBENE
opic
B B date 2025 4 8 A 5 B B venue |FEERM
= method OBEHFK Oral g RRAA—FE Poster| 558 Language O HAE 0O HiE thEE
HEEEA
Co—presenter
2 . ons .
= ABBEHER DEBITABRZES OROF Y IIRRd—Eyiay
Conference
R o |[peLEsEssoH——EREOREETETOSTLAORELNR
B R date 2025 4 7 A 14 B Bt venue IIMEEKRFE
B method |0 REEHEK Oral IRRAA—FK Poster & Language BAZE O ®E 0O thESE
HEEEA
Co—presenter
EPN " Ao 1S
ABHEHAER DEB T ABRFES UROF Y IRRE—Eyiay
Conference
R o |peLEsRss oA ——EREOREELETOSTAORRLNR
B R date 2026 4 1 A 10 B Bt venue IIMEEKRFE
B method |0 RAEEHEK Oral IRRAA—HK Poster & Language BAZE O ®E 0O thESE
HEEER
Co—presenter
S E
Conference
=
Topic
B R date &£ B B | B{ER venue
2k method |[O0 HEEFKEK Oral g RRE—FHKZFK Poster| 558 Language O HBHAE 0O XFE O HEE
HEEER
Co—presenter
4. ZE (FFFTEHE) Award (Research achievement)
&
Award name E# REF & A
Country Year of award
&
Award name E# REF 3 A
Country Year of award

-41-



5. AFET

MEEES: G4607
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e
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Funding agency

B &R
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Z e A
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Zi6EE
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e
Receipt record

B i B 4
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B &R
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Z e A
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Zi6EE
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e
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mA O %=

B AL RE & 75
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UMERFRENEANBREREN UG EFE20258F
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2025 T 4

A

~ 2026 =3
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100,000 M
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B EFEFEHIE <%LLH)Z?=E'1=:I—Z>EIJF'EEI.£|11EE§ I NEE
[FRIEE L - HEEHEH] J GO
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%’46,3}1 ﬁﬁ?‘%%%%: G4608 FOUNDATION
K% i Bk ZHAO XIAOFEI T4 Al M £5AH 1984/8/19
Fr B # B (& B BREEMKERFREFHAER (KERE)
BAME L (BEHE) | REHEM KXZEFHRGREZHE (FL HA FEHR)
M E T — Y|EHMREERZRA-INSPECTHSEMIEEDRRIZET AERKME
Research theme Development of attenuation correction method for SPECT images using MR images (MR-AC)
=) g i Al mxtEL O FEEL v}
MEEFTE FGEEHEFLAMR)
. BB A - FaADERL TSN & HR 15 B 3K 20
5 -1 E7N R -
PERERE= ST RNEHEABH 30
MEDHEE) ERESSPECTEZRIENT=HIZ, L IMRBEZEMIEMR-AC)ZHFEL T, MR-
AC[Z KB SPECTE =l %519 5.
A TIL, SPECT, CT,. MRA A= #ERIIZEMEL =30 A D BH DERKRKNAT T —42
Z#FERALT.MRUES LEEENSPECTIELDEBRAEERT HFEEEEL. %maﬁaa&,ﬁum
L= ATHNBE(ADZFULNTMRI T2EE A SCTERZ E KT 2Ty HIEHDAIDHE
ffiZFAULTMRI T2ERMSCTEREA KL, BBy TE#E /R LIz, O, MREEMSCT
A K AN T o | EGEERTIAIDZEERET 4, SHESHIZ 134121, AlIZKYAERESNT-CTE
B T D B E{BEHUVAMR-ACEHEEDCT-ACH LB R R
MRIEE &8 EEWSPECTFQ&O)Bﬁ%‘tﬂ’ﬁﬁ?é%ﬁo)I%ﬁ%'CIiMRl—r—'sm\bOD e
CTIEHE DB EFMEIToT-. BFIEIZBERICEY. BEFEHDR —ROIZHFEL. MR-AC
YT ECT-ACTYYTRHIDEROIDEHH I IS —REEHT B ETEML=. oD
RIFFESOBAKEEZREMES (2025F 11 ARE) ITEWOWTEAEMERRRELLT2H4O5E
HERLI-
[Bh-ot=A]
1)1’:}?:1.0)T_&)0)£% VIR T  TADONEEBREEEDIREAE B A S ENTE
2) EBEDRAREA—H. HTE. TN EEELTWSEER. £RMEEELO>NYII2Z
F— AV TET. BETRERELICMYRWMEE TEL L3201 =,
MEICEFETDDOLE 2 — X EHRATEELT AMEICRMTE -,
[HETRER]
BZhL
% & EL fifi
SHEOEE])
AlIZEUE R ENT-CTEEZ LV VAMR-ACEHEEDCT-ACH LRI R e fhis P CTh 5
M. CNEBELEE3A LAICRE TLTHRXICELD B EEERIRT S,
o B B B A IBERIBI R A EA TEY  KEERITBNE MR ERTBTEDIRAH,
7 P EOBFMBELADRAH,
FLiflE (EEHERA) HE Al L(FoA=E 20264 3 B 10 H
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HhEINIEZESESHESHIEI—R>PEHEE T s YEI7R
[(FAZREA] 7 iV

THE NIPPON
E46HA MEEES: G4608 YERKH : 2026453 H10H FRENCATIGN
K4 o ZHAO XIAOFEI T4 A1l M H£5AH 1984/8/19

FTEHERR) (BREERKZREREFHER (KEHRE)

HAHRE EELE)|BREAENXZEZMHRSREFLE (L BA TEHER)

MET—(BX) |EEEMREE%E ALV =NSPECT RIS IE;ZDBRICE T SRR

Research theme Development of attenuation correction method for SPECT images using MR images (MR-AC)

BEIER mXiEL O REET v
1. BRZEEEE (1)
1) B89 (Goal)

The primary objective of this study was to evaluate the feasibility, quantitative accuracy, and agreement of MR-based attenuation
correction (MRAC) for “123I-ioflupane SPECT imaging in comparison with conventional CT—based attenuation correction (CTAC),
which served as the reference standard.

Specifically, we aimed to:

Quantify systematic bias using relative difference (RD%).

Evaluate agreement using Bland—Altman analysis.

Assess the linear correlation between SPEC-TMRAC and SPECT-CTAC.Calculate root mean square error (RMSE) to measure
quantitative performance.

Determine whether MRAC can serve as a clinically acceptable alternative to CTAC in DAT-SPECT imaging.

2) B B& (Approach)

A quantitative comparative analysis was performed using identical SPECT projection datasets reconstructed with either MRAC or
CTAC.

The study design included:

Reconstruction of SPECT images using CT—based attenuation correction (CTAC).

Reconstruction of the same datasets using MR-based attenuation correction (MRAC).

Extraction of count values from predefined 3D regions of interest (ROIs), including the right striatum, left striatum, and brainstem.
Statistical comparison using:

Relative difference (RD%)

Root mean square error (RMSE)

Linear regression analysis

Bland—Altman agreement analysis

By combining correlation and agreement analyses, we comprehensively evaluated the quantitative reliability of MRAC.

3) # ¥} & 7% (Materials and methods)

Study Population

This retrospective study included patients who underwent ~1231-FP-CIT SPECT imaging along with MRI and CT examinations.
A total of 81 patients were included, of whom 68 were used for training and 13 for evaluation. The evaluation cohort consisted of
patients with multiple system atrophy (MSA), Parkinson’ s disease (PD), and normal controls.

Image Acquisition

Radiotracer: “123I-FP-CIT (167 MBq)

SPECT acquisition: 3 hours post—injection

Scanner: Triple—head SPECT system (GCA-9300R; Canon Medical)

MRI: 3T system (Titan; Canon Medical)

CT: SOMATOM Definition AS mCT (Siemens)

3.1 T2 converted to pseudo—CT , and Comparison of CT(HU) between CT and pseudo—CT in evaluation data. Pseudo—CT images
were generated from T2-weighted MR images using a Seg—UNet deep learning model trained on paired MR and CT datasets.
After non-rigid registration between MR and CT images:

CT Hounsfield units (HU) were compared with pseudo—CT HU values.

Linear regression was performed to assess HU consistency.
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1. ARBE(2)

3.2 SPECT Reconstruction and Quantitative Analysis

All SPECT images were reconstructed using Ordered Subsets Expectation Maximization (OSME) with Triple Energy Window
(TEW) scatter correction.

Quantitative analysis was performed using 3D ROIs defined by threshold methods:

42% of maximum for striatum

65% of maximum for brainstem

Relative difference (RD%) was calculated as:

RD(%) = 100  (SPECTMRAC - SPECTCTAC) / SPECTCTAC

Agreement was evaluated using Bland—Altman analysis, and correlation was assessed using linear regression (R?).
Root mean square error (RMSE) was computed in right striatum, left striatum, and brainstem between SPECTMRAC images and
SPECTCTAC images to measure the performance of the methods.

4) EERFER (Results)
41 linear relationships of CT(HU) between CT and pseudo CT
The scetion is in progress.

4.2.1 Relative Difference
SPECTMRAC underestimated SPECTCTAC by —5.56% == 0.98% in the right striatum, —5.30% =% 1.21% in the left striatum, and —
5.84% = 1.21% in the brainstem.

4.2.2 Bland—Altman analysis,Linear Regression Analysis

Bland—Altman analysis showed a mean bias of approximately —5%, indicating that SPECTMRAC systematically underestimated
SPECTCTAC. Most measurements were within the limits of agreement, demonstrating good agreement between SPECTMRAC
and SPECTCTAC.

Linear regression analysis demonstrated an excellent correlation between SPECTMRAC and SPECTMRAC (R? = 0.9997).

4.2.3 RMSE
The RMSE values were 5.63% in the right striatum, 5.42% in the left striatum, and 5.96% in the brainstem.

5) & 22 (Discussion)

The section is not been completed yet.
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3. & H K Conference presentation XEEEELLTHRS -ERYL48LIHPLTHRLLLOETHL T

ElY,
X Describe your presentation as the principal presenter in major academic meetings including general meetings or international
meetings.
s
= The 45th Annual Meeting of the Japanese Society of Nuclear Medicine Technology
Conference
E © Development of attenuation correction method for 123I-loflupane SPECT (DAT-SPECT) images using MRI
Topic images by Al
BAMEE date 2025 &F 11 A 13 B | B venue Kyoto
2 method OBEHK Oral o RAZ—HRK Poster 558 Language O HAE ®E 0O HEE

HREEES

Co—presenter

Takashi Ichihara , Yuya Sekikawa , Yoshitaka Inui , Nobutoku Motomura , Masanobu Ishiguro , Mizuki Ito,
Hirohisa Watanabe, Hiroshi Toyama , Masanori Inoue

PN
T= The 45th Annual Meeting of the Japanese Society of Nuclear Medicine Technology
Conference
E R Determination of intensity normalization in MRI: A Preprocessing Step for MR-Based Attenuation Correction in
Topic DAT-SPECT
BAfE A date 2025 &F 11 A 13 B | B{EHh venue Kyoto
2 method OBEHK Oral o RRAZ—HRK Poster 558 Language O HAE ®E 0O HEE

HREEES

Co—presenter

Takashi Ichihara , Yuya Sekikawa , Yoshitaka Inui , Nobutoku Motomura , Masanobu Ishiguro , Mizuki Ito, Hirohisa

Watanabe, Hiroshi Toyama , Masanori Inoue
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BAHRSE HBEHE) AMNKZRZREFAERRINEZEE RE-BEFHEHFLH B iR
M R T — ZAIFFRHREEMES FICEEHOMRMEL) IS SERRSEHADARMER

Research theme

The therapeutic effects of adipose—derived stem cells in the treatment of ventilation induced
lung injury(specifically chronic fibrosis of the lungs)

E X ® A

WXEL a REELT vl

Wrsi & sl (FE S E SC A

B & K =

& R-Al- AR MoBIRL TS = Gl G HE A 20

FREGERY= MG NSHAKRHY 31

ATk BEhEmiEE (K2R D MR L) [Sx 9 SRR B R MRa DA R REAEHA
THEERMELTHRREITH O, ¥, ATHRFEEMEZTET LY IREERLTL
A RVADEFEBORESAHYHELI=, RIZ, a—VRZEEITIREL., YRR Sy
NIARERERBRE LMD RENRYITRGES SMEZTET LI VRZERLIZ. £DE
TIVEFERAL., SEIRESBAEIRF(ARDSHEM D MIRMILDETIILEHEIL T 5L 0D
SERARBRZEMITL TS, RRFIELLTIE. YO ROK[ENZRE . MOFEE | #B#UREEY ~
DIERL, BAGRERE, AUN\OHE, VNI FEE. VIR TOY T4 MABREFER
ADIEMIRERE. MR, BIRERmH BB REETEoT,

A
e

[BEhof=-m]

IVAZHANV-BMEBEOFEZRENERS. BHLE)ITEMTEELTHRITTESELDIS
Hot=, F-EILFNERFE(BAEE. VIRV ITOYyTAVT EXRELAB) (L. BIE
EREALEMTTEDLLSICH =, F-BAREBHETHY . BRBEEZRAWER AL O7L
>2?®%$b§%§ﬁ~ BEHELNDTIZAINAR YD EAZ 2=y —aV LB TET
AV

(HET~ER]

REBEDOFTECEDT, BROWTOEFAA L, BFIHESHEDMSELREL -, WX EH
%T%g%%ﬁ?&"& BofEELEY, HILOWERICAELHELEY LWV RIZELLETZ AW
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(SERDEZ]

RERFERIIRRICBERLODH O, <ol RBELERZER Tam XL T 0 E T EH T
§° %t%EP'C‘Eg%%b%ﬁﬁ%@’éﬁ&bébﬁolﬂi\ FHRMGROPROMGICFET S
DEFEZTLNS,

F o W B A

FENNBETHEINRABRETEBNEZATS

AHmE EEHERLR)

LisE 2 L(FrA=E 20264 3 10

-49-




Supported by

| ehdg e | AT ENE— g
7o % E VI
[{BT;ﬁbﬁgf;¥§] £/1II
THE NIPPON
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K4 FF LI YU R M HEAR 2000/4/17

FTEHEEER) | UNKFZRZFREFHARRFRERFER (KERE)
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MET—<(BX) (ALHRHFEEMES (RSB OMRMEIL) (Sx9 SIEM R RFMBOERIR

The therapeutic effects of adipose—derived stem cells in the treatment of ventilation induced lung

Research theme injury(specifically chronic fibrosis of the lungs)

HLAE X EL a AR vl

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

N T FEDR: 28 B8 & fififE = (Ventilator-Induced Lung Injury, VILD) & 4FICRIAIFREE T CELL2EELSHETHY. B4
BAICIE AR A iR L Z 5 IERILET RE. AWEAEENEILINTEST ., Bl AREERAROHONTINS, K
METIEL., IR E - g L ERE DB B EEHAE (Adipose—Derived Stem Cells, ADSC) 235 B L. €M EI D iR # b (5t
T EHARBIRERIITHEEENET S,

2) B B& (Approach)

BYETIVOHL: JYREREBEREEDB NIV ADEEMRMETT LEERT S,

ADSCHE DRl - SRHEAL B HEATLI=BRBE TADSC/ TV VY — LEHARNEF IR ERNIREL . F LA LFRITE
12,

W OREER: ADSCA R T BTV — LY A AL (TGF- B 1HHIFIGE) ICERES T, RECHIFIADX LEREFTT 5,

3) ¥t &A% (Materials and methods)

(1) REFME IVETIILIERK

Ei#):C57BL/67 7 R (8B 5. HEME)

VILIET )L St R E IR E 10mL/ke, 2F5[E]) D A TIFFRZEHEITL. 7TH. 14B R RHLEZEHE,

ARDSIZMHIET L : corn oil 12ml/kg ip(BERIZ5)ZE =R (Z BREIFR) . ZD5H #lipopolysaccharide(LPS) 2mg/kg it(R B HNIZS)
#HEfTL. 3. 7H. 21 B ICERURHILRBMELEZEHE,

(2)ADSCOFRE LIRS

ADSCHE B : v o RE FREMEEEREL. 255 F— LA THEL., STR.DEihTEE,

I9YVY— L p3ETICEZELI-ADSCEDMEM T AL . 24BFff A > Far—k, TUVY—LME XY THE,

BB A% $RHE B4R HE % IZADSC (1 X 1076 cells/mouse) /T4 —.L (10ug/mouse) #EEIRAE - (R ERNZ S, A+
O—/LEICITEEBIEKERES,

(3)FHEE B

HRES RO RTA

fifREE D /NS TP A EHER B  Massonk) 70— LEBIZKYRMEIE RO T (Ashcroft RO7)EEH,
AR RS Y] DR AIZLYCD68, CD2067%E RET/OT7—S DNk REHE,

E LM DR TOYMITTGF-B1, a-SMALREEZEE,

RIEMEH A MHA 2 BITE ELISAIZ&YIL-6, TNF- o Z 24T,

THA77— kB HT  flow cytometry TR A 7— DIRMEZE D HT .

(4) R EtfRAT
T—ARF T L IZERFETRL, Student’ s tIREZRALTEBLLEZE1TS (0005 THEEZEHY) .
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1. BARBLE (2)
4) EER#ER (Results)

(1) a—>27* 1L %17 Slipopolysaccharide(LPS) & B N 1% 5 T Acute respiratory distress syndrome (ARDS){E214 H {5 1L %
BETILOHEL

A IRFOf 25 B ERfifE = (Ventilator-Induced Lung Injury, VILD) CIXfNE AR E—RBRFED A LMERDOFRTEASL, TOHED
FHiRHEIEICER T A EE 2 RBAZ L, COHIYRERELBER DSV MRHIEET ILOERZITUVABREDHELE
BiELTze O—2 A ML ERITRELIZRICLPSZR 5T A5ILT. REMNSABETOHMEZERSIE. MRH#IE~BITTEID
RAETIWVEERT DBEESEICLTCEHEZILEL .

i RIRCA—A AV EZEIEERN (Z BRER) IZETREL. ZO5HELPS 2mg/kg) ERERNZRSL3A. 7. 21B#IC
ffifA i E R L TR EE T oz BEICIE, I— A ML ETREETICLPSERERNICHR 5L, 38, 7H. 21 HRICHhiEH%
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B)M2=zHOT77—DERE|

M27HO07—2d, BB EICES T 52— AT BEIEEHEICK VR ZIEET I ENRESN TS, RAETIE, 1B
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% M2 O77—2 OEESRAE () B HIE) ARBRI—5 v ERYES,

SHROESE

ADSCABEDMRRE: SEMIILI-LPSETIILEZRALT, ADSC/ITIVY— LR 52 LML SR (TGF- B 1314 M2<
Ro7— 88 #5HET 5,

6) 5 % 3 #k (References)

[1]Matute—-Bello, G., et al. (2011). An official American Thoracic Society workshop report: Features and measurements of
experimental acute lung injury in animals. American Journal of Respiratory Cell and Molecular Biology, 44(5), 725-738.

[2]Fang, S., et al. (2020). Mesenchymal stem cell-derived exosomes ameliorate alveolar bone destruction via systemic delivery of
miR-126a—5p. Journal of Nanobiotechnology, 18(1), 1-15.

[3]Ashcroft, T., et al. (1988). Simple method of estimating severity of pulmonary fibrosis on a numerical scale. Journal of Clinical
Pathology, 41(4), 467-470.

[4]Dolinay, T., et al. (2012). Inflammasome-regulated cytokines are critical mediators of acute lung injury. American Journal of
Respiratory and Critical Care Medicine, 185(11), 1225-1234.

[5]Wynn, T. A., & Ramalingam, T. R. (2012). Mechanisms of fibrosis: Therapeutic translation for fibrotic disease. Nature Medicine,
18(7), 1028-1040.

[6]Murray, P. J., et al. (2014). Macrophage activation and polarization: Nomenclature and experimental guidelines. Immunity, 41(1),
14-20.

-51-




MEEES G4609

. BAFE I Publication of thesis XFEBMLZMXZFHL THZEL, Attach all of the papers listed below.

XA 1
Title

BEEs
Published

£

journal

&(S)

[=N-I=]
B Language

F1EESA

First author

F2EESA

Second author

EIZEEL
Third author

TOMEES

Other authors

XA 2
Title

faEEEA
Published

journal

B(%)

S

LSS

=5 ‘

Language

ERE=E]

F2EEHA

Second author

EIZEEH
Third author

First author

TOEEA

Other authors

WX 3
Title

BEEs
Published

£

Jjournal

&(S)

[=N-I=]
B Language

FEIEES

F1EESA

F2EESA

Second author

Third author

First author
TOMEES

Other authors

XA 4
Title

BEEA
Published
Jjournal

£

%(5)

E [=N==]

- Language

EREE]

F2EEHA

Second author

EIZEEH
Third author

First author

TOEEA

Other authors

X4 5
Title

1B
Published
Jjournal

=:H

A %(5)

= /A an
- Language

F1EEA

First author

EEE-E

Second author

EIZEEH
Third author

TOEEA

Other authors

-52-




3. FEHK Conference presentation XZEBEEELLTHRE

&y,

HREEHFS G4609

AR ERPRESTELCFRTERLLLOZERH LW

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

meetings.

=h A
=
Conference

E R
Topic

BifE R date

&

A B | BfEH venue

HERES

2= method

o DOEEHFEK Oral

O RARF—HKFK Poster & Language

BAE

=111
il

bzt

O hEEE

Co—presenter

4
F==
Conference

H OE
Topic

BA# B date

-3

A H BAfEH venue

2= method
HEEEA

O MOFEHX Oral

O RRA—HHFE Poster §i& Language O

=

BAE

ol
0|

it

O fEE

onl

izt

Co—presenter

¥4
Conference

b |
Topic

BAME R date

&

A B

BRfEH venue

2= method
HEEEA

O DOEEHFEK Oral

O RRE—FKK Poster 55 Language O

SR

anh
O

anh
oM

bzt

Co—presenter

Exf
Conference

Topic

BA# B date

-3

A H BAfEH venue

2= method
HEEEA

O MOEEHX Oral

O RRA—FEE Poster Ei& Language

O
m
#
B

it

O hESE

onl

B

Co—presenter

4. =%

. ZE (B2 #4E) Award (Research achievement)

A W

Award name

3R

Country

REF
Year of

A W

Award name

3R

Country

SHE
Year of

-53-



MEREE S G4609

5 AMET—TIZCEHAMDOHATEEIBE ZH5 Other research grants concerned with your resarch theme
SIRER 0% B =

Receipt record
B RCHBE 2 7
Funding agency
BIR & AT
Grant name
e EIRE
Supported period
ZHa%E
Amount received
ZHAERE
Receipt record
B RCHERE 2 71
Funding agency
B £ &5
Grant name
SR
Supported period
SZiakE

Amount received

O#

6. thDEF L ZHA Another awarded scholarship
SIRER 0% B =

Receipt record

B RCHBE 2 75
Funding agency
BREEH

Scholarship name

ZHa AR

Supported period

Amount received

7. WIS EENCRE 9 D ERIEFHE K Press release concerned with your research activities

MERHE L= EZ R TLTLIEELY, Attach a copy of the article described below
MEHREK O0& W= HREHAH

Press release Date of release

FREE

Released medium

&M

Release method

FRRA -MEEE -Website -EREHRE - T Dfih(

FERIAMIL
Released title

8. AART—VICBEY D%

4 HEEF 7E Patent application concerned with your research theme

AT E 0%

Scheduled

B E
A

HRRE

Application

HERE (BR)

Application
contents

9. ZM1th Others

{EEHEE (GER) W 2

-54-




Supported by

3 L PA=] =
| |‘-‘-‘|,||‘-‘-‘|'|.H.|‘-“|‘ 71— =i EI ,,-f,-EIZE
= = = = LA -
[BREEL EEHEH] E
THE NIPPON
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BAMEL (BELE)  EBRZAEREEEEFREMRHNERRFER BECHELRNBZCIO T R
B ® T — T[IORERRMECHEERORBROI-OOESUREE B KO
Research theme Hepatic and biliary—derived progenitor cells for the treatment of mouse primary sclerosing cholangitis
= g 1 il mXiEL O HRiEEL v
MREFTE FEEHRELAR)
. | BB-E-RAALERLTGES D B BB 13
B %R — —
FERBERE- WG RNEHEAHR 30
His research primarily focuses on the use of chemically induced liver progenitors (CLiPs) for the
treatment of primary sclerosing cholangitis (PSC). Liver cells, including hepatocytes and
cholangiocytes, isolated from mice, possess bidirectional differentiation potential after
reprogramming with a combination of chemical molecules. PSC is a chronic, progressive liver
disease characterized by fibrosis of the bile ducts and surrounding tissues, leading to cholestasis
and eventually cirrhosis. CLiPs can promote the formation of new bile ducts, reversing this
2 4 K AN A 1T o F=|progressive disease course. In addition, other research includes studies on the repair of hypoxic
M 2 O #E 2E|damage to small intestinal epithelial cells.
[Ehot=m])
He is dedicated to identifying and improving problems encountered in his research.
(HEITNER]
Communicate more and improve Japanese.
£ & # @
([$ZDEE]
[ hope him to achieve better results in research, and try to conduct multiple studies as well.
# fi H 1§ R’ 3A|He could get the Ph. D degree in Sep. 2028.
FfiE (FEHELA) in & A= 20264 2 B 18 H
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Research theme Hepatic and biliary—derived progenitor cells for the treatment of mouse primary sclerosing cholangitis
BEIE R mXiEL O REEL v
1. ARBE ()
1) B#9(Goal)

Primary sclerosing cholangitis (PSC) is a chronic cholangiopathy characterized by progressive biliary inflammation, periductal fibrosis,
and bile duct loss/stricture, for which effective medical therapies remain limited. The goal of this study is to evaluate whether hepatic—
derived progenitor cells and biliary—derived progenitor cells (expanded ex vivo) can repair injured bile ducts, restore biliary function, and
attenuate cholangitis/fibrosis in a mouse model that recapitulates key PSC-like features.

2) BB (Approach)

Primary sclerosing cholangitis (PSC) is a chronic cholangiopathy characterized by progressive biliary inflammation, periductal fibrosis,
and bile duct loss/stricture, for which effective medical therapies remain limited. The goal of this study is to evaluate whether hepatic—
derived progenitor cells and biliary—derived progenitor cells (expanded ex vivo) can repair injured bile ducts, restore biliary function, and
attenuate cholangitis/fibrosis in a mouse model that recapitulates key PSC-like features.

3) ¥ ¥} &5 % (Materials and methods)

Mice: 8—-12-week—old C57BL/6J and FVB/Abcb4/Mdr2—/- deficient line, male.

Model A (diet-induced cholangitis):0.1% 3,5—diethoxycarbonyl-1,4-dihydrocollidine (DDC) diet to induce bile duct injury, periductal
inflammation, and biliary—type fibrosis.

Model B (genetic cholangiopathy): FVB/Abcb4/Mdr2—/- deficiency model featuring progressive biliary injury and fibrosis relevant to
PSC-like pathology.

Primary hepatocytes were isolated from mouse livers using a standard two—step collagenase perfusion procedure.lntrahepatic
cholangiocytes were obtained by a combined enzymatic digestion approach using a multi—enzyme cocktail to dissociate liver tissue,
followed by filtration and enrichment of epithelial fractions as needed. Alternatively, gallbladder epithelial cells were isolated using an
explant (tissue outgrowth) method, in which minced gallbladder tissue fragments were plated and allowed to adhere for epithelial
outgrowth before further expansion.To generate progenitor-like epithelial cells, isolated hepatocytes and/or cholangiocyte—lineage cells
were cultured in a defined differentiation medium containing Y-27632, A-83-01, and CHIR99021 (YAC medium).Cell identity was
evaluated by marker expression profiling. EPCAM, KRT19, and CD90 were assessed by RT-gPCR and immunofluorescence staining.
After PSC-like injury is established, transplantation experiment groups are set below

Vehicle control (PBS/matrix only); Hepatic—derived progenitors (2 X 10°6 cells/mice); Biliary—derived progenitors (2 X 10°6
cells/mice).Outcome measurements include histology, molecular and imaging.

4) EE&FE R (Results)

4.1 PSC-like injury was established with ductal inflammation and periductal fibrosis

DDC—fed mice (and FVB/Abcb4/Mdr2—/- deficient mice) developed cholangitis characterized in H&E staining and Sirus Red staining by
increased ductular reaction, inflammatory infiltrates, and periductal collagen deposition compared with healthy controls, consistent with
established PSC-like models.

4.2 Progenitor products met release criteria for ductal repair applications

Both hepatocyte—derived and cholangiocyte—derived liver progenitor populations converged on a shared progenitor—like phenotype,
characterized by EPCAM/KRT19/AFP positivity. In parallel, these induced cells lost features of their terminally differentiated origins,
showing reduced expression of mature lineage markers such as HNF4A (hepatocyte identity) and CFTR (cholangiocyte identity),
consistent with successful reprogramming toward a less differentiated progenitor state.
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1. REHRE(2)

4.3 Cell transplantation improves outcomes in PSC mice

To evaluate therapeutic efficacy, progenitor cells were delivered via intrasplenic transplantation and animals were followed for 4 weeks
post—infusion. H&E staining revealed a reduction in periductal inflammatory infiltrates, while Sirius Red staining showed an attenuation
of periductal fibrosis in both PSC mouse models receiving cell therapy compared with vehicle—treated controls. Notably, these changes
were accompanied by an increase in the number of newly formed bile ducts, consistent with enhanced ductal regeneration.

5) & %2 (Discussion)

This work provides initial evidence that CLiP—based cell therapy can mitigate PSC—like injury in vivo: after intrasplenic delivery and 4
weeks of follow—up, both PSC models showed reduced periductal inflammation and fibrosis together with increased numbers of newly
formed bile ducts. A key remaining gap is the incomplete in vitro definition of Bil-CLiP. Prior studies suggest that Hep—CLIiP cells can
spontaneously mature toward hepatocyte—like states but do not spontaneously acquire cholangiocyte fate, raising uncertainty about
whether the in vivo benefit reflects direct epithelial replacement, niche remodeling, or paracrine immunomodulation (1,2,3). Therefore,
an immediate priority is to characterize Bil-CLiP bidirectional differentiation under controlled conditions, including cholangiocyte—
directed and hepatocyte—directed induction, and to benchmark these outcomes against Hep—CLIiP using matched phenotyping panels
(e.g., EPCAM/KRT19/AFP with loss of mature markers such as HNF4A and CFTR, plus functional assays where feasible).

Building on these priorities, several forward—looking directions could substantially strengthen both mechanism and translational
readiness. First, in vivo donor tracking and lineage mapping should be incorporated to quantify engraftment, define whether donor cells
directly reconstruct ductal epithelium, and separate epithelial replacement from indirect niche remodeling (4, 5). Second, delivery route
and dosing optimization merits systematic testing—comparing intrasplenic, intraportal, and intraductal administration, as well as single
versus repeated dosing—to identify conditions that maximize duct—targeted exposure while minimizing off—target distribution (6). Third,
efficacy assessment should expand beyond marker expression to functional cholangiocyte readouts, including epithelial polarity/barrier
integrity and bile acid transport-related assays, to determine whether regenerated ducts are physiologically competent (7). Fourth,
given the immune—associated nature of PSC, it will be important to profile immune remodeling after transplantation (e.g., macrophage
and T cell responses) and to test whether immunomodulation is necessary for sustained benefit or whether it is a secondary
consequence of epithelial repair (8, 9). Finally, longer—term studies are required to establish durability and safety, including recurrence
of cholangitis/fibrosis after treatment cessation and surveillance for ductular hyperplasia or dysplasia (10). Together, these efforts
would convert the current proof-of-concept into a mechanistically grounded and clinically oriented therapeutic framework for Hep—
CLiP and Bil-CLiP-based strategies in PSC.
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