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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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%, HITHERARTEIZE £ 57, SIEMAGECHI OMMEREE, XEEROTENSNLRNI LR ENRERD | RIS IRE S
NDHZLERMESNTWD (LFiHE, 2006 ; £xM, 2018 ; KIS, 2023) .

(2) 3t - ot R (ETEEBE O MM

B, EREE, MEEOME, MO ARBBROIEEDE N, — 25| HOLEEITOMEE ICEET S5, &6
W2, RIFREEOHIK & OO0 N0 OB S, FEMENORENES L, INLRIIE OB ORN D T EBNRENTND (T
1FAy, 2014 ; Hex K, 2018 ; 25, 2022 : 2=, 2018 ; &4 F1H, 2006 ; Z:MH, 2018) .

(3) =T AIUKHIOIRSA (AHF - HR)

FRERER G AT RE 72 BRI, WA ORE, SUEEMORE, Mk s L ToZ T ATURTHIZE OB ER I D, R L
f\M%&i%m%@;<ifmﬁ%ﬁ§%mb\ﬂ%%ﬁﬁ%b<&é:&ﬁﬁ%éﬂ1wé(ﬁﬁ%,mm;f,m%;%
1E7N, 2025 5 F, 2019) .
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iz, &0 DI SFEEEL, FHFMICSOTHERBEOFRE, V- ABREZEEL < L, ALP0MRRAERSE
52 L THIHBIAZESEES (LT, 2006 ; &M, 2018 ; KiED, 2023) , RKHCKEHEMTL, 7HAA L b, Wt
B, RETER., (EHEPARMEORES & L THL, BiRSELSEEE, HRER EOBHRAR LU 2 LT, ERxG
CIRAF LT ORGL 2 AT (BRI, 2018 5 5EFY D, 2014 5 F, 2023 5 &IED, 2025) , L3~ T, Faf « MLICERT D
REHIEAZER & LTTIE RS, XEERORNRLHEE M OH Y G5 LEB T 2HENHRE L L TR A, ~N— FiEREL V7
NEERE &N T I & T D BB TH D,
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2018) . ZAUE. TA—< REREDICENET SRR T, FEEE - FSUEDO203 0 BRYIHIFRSCERIREZ X2 T
L EERBEWRTL—H, Ry NI —7 OFEIC L o> TRRRITHEANEL D DR TET 5, 5%, YEFEIE, Hilk
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A %(8) B B Language
FEIEES

Published journal
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=
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Research theme

Elucidation of the microenvironment and nanostructures of biomolecules using fluorescence
blinking by redox reaction for single molecule analysis and diagnosis
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W3t s (75 S 2B sC A M)
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B R-a- R AoBRL TS = aJ IRGHEMH 14
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DODEMLDFH DA H T rKACB;E (Kinetic Analysis based on the Control of redox blinking)
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n-#getEH A =Quench bodylZXx L T. rKACBXIZ LA B EZDOHEILICRVIEAT ., B
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SINT=D, EMHIZEERR T 21=OICIE D FRIEFRENEEDRENNELL D, RHERIELHE
ML ETRIGIZEIKIEETT-H. REEDZLOBEBEAEEZEDOEILICH T=. 18
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o TR, BENBIEZ., BOVEE THRERITTES LS., IHELTULVESRL,

(SRDEEZ]
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BLALGDOT, AREBLALICEIZLEITFONDES. FALTESYET,

4

F R B R 2

BERARE2FRITATICEAEFN TV OB RERERZFLITA TR HKREFITBIM
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BREIERTRIGFEECHELZMETEIN—RATHD, PLTDRGO>TETEY.. KA

DABELTORRICEYR—ZADN LMY 3FRDRZEERT UADFAIIGEZERTE
HOTIFEMFLTVS, IEFEEZTHRELEZE BAKRFO TV ETNEENTT,

AmE (FEEHELSA)

N EFE (A=K 20264 3 A
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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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%T%g%%ﬁ?&"& BofEELEY, HILOWERICAELHELEY LWV RIZELLETZ AW
—G o

(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)
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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%
RHELTEERZEITo 1=,

R O—VAMINETREHRCIIHER B TR SIHRICHEEGREMISENROLN. 21 BEFTRENIFHRL. MEDOR
LD EITLU =, BRIEIEDEITIE MassonFE B TOIAS—7 ViR EL BREIKRFEICIEML=Z &, Asheroft ROATHHEICLERL
F=CEDBLERER Lz, BB TIX. HELE(CTI, THRICREMIBREANERO SN, 21 BRICITREMSNEL Iz, 5D
BRMD, LPSFEBARDSET ILIFBHEAMRM L ZBH TESEAHERINT,

(2) 1G4 LB ER F D ENREFEAT

O—VAMIVETIREEEMBE TR, 9z R4 TAYMI&Y  TGF- 818 LT o -SMAD RIFEZFFE L=, a—2 A (LTI
ST BREAZAHICTIZBIZTGF-B1RBEALREL. 21 BBIZIXESITEML -, BETE., HICERBRHTTINHEE
ItZELT=. a-SMATIIME A LR BICIEMMERZRLIz. CNODFER(X, LPSEERBEILETILICBULNTTGF-8125F
ILAEM ESh, FRREFHRO MR ESNEIEETELTNS,

R RELBIZLEZTIAQTF—SH T AL T OREN

CCR2(M1 /77— —h—) B KUCD206 M2/ AT7—IX—H—) AN -RELBEITo-EIA, O—0F ML EST
BRERTIITEEAOM2YIO77— DR EAMNEESN, 218 BIZIXZOHEASSITEMLTULV =, COK R, BIHELHEMHIt
IZEWVTM2Y /A 77—UNREEESTICEASE L TS aTREEZERLTLVS,

5) &% (Discussion)
AHETIE, LPSEEARDSET ILERAWNTEEAMGHILETIEL. ZOREADXLO—IHERALMZLT=,
(WLPSETFILOERHE

HEED N TR 2SR EMEE (VILD ET LTI, BRSO BT ME S I N RETH o1z, SEEALIELPSEEETILIL, f§
B OBRMUAEL. O ETERME T8 Th o1, 2. HEB K UMasson 12 &Y | REMDIRHEIL~DIEIT
MEREICHER TE-CLE. SEOHMEIZBVTAETILEERATIESERIELTLS,

(2)TGF-R 1R BNHES

TGF-B1EBHEILE DR ILREF A AL THY . TORB LR (FFHHREFMBOEELEZEICEET S, AL TH, TGF-
BIDFEEA BB EELITEMLL T =, COFRIE. TGF-B 15 FIILEBHEL-ABREIR O EXET5L0TH S,
B)M2=zHOT77—DERE|

M27HO07—2d, BB EICES T 52— AT BEIEEHEICK VR ZIEET I ENRESN TS, RAETIE, 1B
TR H LV TCD206f5EM27T /07 7—U A EHGMISRBALTEY ., Th R L OBRICFSELTULSAIEESEN RSNz, &
% 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)
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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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