[ ERA ]

24 EBHINEE 613 =
FREEEES 23bm0704062h0003 1ERL.EFHB HF6E5 A 28 A

HAERMERBIEE BA - MRER - 8 FRERESRMmEL e 77 A
(M - BAERA ) R_R—V g VAT v 7T 4)
BRFmREE

NG

I EXRIE#H
WA ES © (HAREE) bER-TRTEM AERNICARIL U7z, WIRIERRS & RS AL & 23 2 Hle iy 7 {kim O R 4L
(3% FB) A fundamental methodology reproducing epithelial-mesenchymal interaction

to create further advanced tissues of endodermal organs
WFZEBRT SR  SR3 6 H 1 H~SFf643 A 31 H

WHFERHFE RS K4 - (BARE mE %E

(¥ EE) Minoru Takasato

WFIEDATEIRH PR - 40 - it
(HAHE) ENCOFEBIRIEN BCFHIET - AR s 4 — -« F— 0 — 4 —

(Z&  ZE) Team leader at RIKEN Center for Biosystems Dynamics Research



11 WFZEBAR OBEE

LFAEHBDOER - B

AMFZETIEL, FBAEFINEFRICEDSO T EFEIEIC XL - T, RIBAENIZE T 5 22k (Ritk, o4,
WHE) ZIE L AN S o NIREENE ER R ONHIEERIIR 2 ERL L . W 2 A8 e 5% % VT, NIREERHRED
EEICRET D7D OB FIERAEBET 5, Zhick v, R0 N EaEtERE) D oA VT A
RYERL 2 AR T2 & 30T, S LRI 2 3 2 NIREEMEIES AL A R % AERS 2 B0 — (LI S kS
Lz LEHEEBLE,

2. ﬁﬁfﬁ?ﬁ?ﬂ)ﬁ‘ﬂ

- B BEIDESE O PIIRSENENRAS O FEARE ISR, THSR NS KL S 7RO LR 2 . BRI o [ HE R
75‘% IMETHY ., Z02HDOHANEMIC & - THEESCEEEDEFMEHER ST D, WIRSEM & A VT /
A RIS AR ATRE e LSS EAE T 2 1S1E, € ORERGHIIE & L Tt/ b RoMia & F3EMA 2 R L 72 £,
WG ZHAER S E L MLERH D, AWIETIEL, £DZ =7y Miige & UTEMZRE L, RIZHFTHE S K3
L CWRWIEREA VAT 7 A RIERIZHRATZ,

3. FRBIRD F

AAFZETIX, LA D 3 DOWFZE HIE %2R E LT,

D I bR I i 7 PR SE M R E AN 2 758 L, e L RN & ML o B = & T IBE L ROl s A
TLHZEERT, (REMBREZETIHEMRANT 7 A4 FOER) s

@ Fio. LR-MEOMEMERIC LS LR OB - R L AT 2720 _—
120 ~ A 7 BT AEGE OB BN REAT D, Tbb, 2 MO le*e“’”“e‘“""./ \mmm”
Rl 3 RTERICELE L. @A LRt ERC VI3 253 U 7 BHE % 7 BT e ==
ffid 2%, (Bladder—on—a—chip ZAEDEEFR) Dayls‘qa Day/H wHem

® Fio, VEHLEBBA T J A R, H556 o 5 MEMEBB R DR BET L

W DORED R L. B OFTERFI 2 2158 L 35 KIEFRBERN . Z D% =
MREHEST H, TSk Y, ER-FEOHAEMZ S &+ 5 LR O
FREEALAS, SR - TR F 5T WTREE R, (RBEHERBREEE 7 g R
@J%‘/\@iﬁﬁﬁ ) (Immunlé}]fl}gigscence)
_ ERIBEmOEE IBSRDREE SERAND DD
BAEE RSB BIARD
AEE F RRBOSECE  ENPSEBlanSHEL: ZEMECHUE

ﬁﬁ%ﬂﬂ@@ﬁ&b\ug@ma BB ERRoT0rR EXEBROFS SECEBILLE REUERATTIL
> BERKILA /A R BEADER

S J:ENHBEKDJ} wm '

B vitro matur: ton',,._.; B

r Mg in vitro
< = Eﬁﬁ‘l&tﬂ%%g’&-?}b
o . hindgut 0) <
ouyr | IEABEEED T\ A RRTD BUZA
RIS@RANE L & ERANESTRE u;m A OGMET I A 2ZBE =E _ERIAMBEEs
BT EREHE ZDBE MM

4 & FEEDZER KN
OmEHMEATBEMANT ) 4 FOER



JERIEIEA 7 = v A K& IR EEDMEmIEZ . ThZite M oEFEL, LT/ 1 U
EHieitiZ T, v MU ZVNT 4-5 B E L (GX), EOREER., BtEeA OEfEEZ D, SMA B
PO E DTz, AV ) A4 ROERUCERE LTz (FIRD, 1ERUZBEREA VT 2 A Rix, BRI
3EMEE A A L, CK5 BPEIEIES/E, P63 BtEh /@, UPK2 Bt RIB b5, R 2 AT MIZERR 431, SMA B EAS
JBEIGR LT, 2D 2 Sk iR L7, b S REMEEIIa 2 VL @SR A AT DI A 1
BRI R TH 5,

UPK1A/ ALDH1A2/

/Ecad/DAPI ISMA/DAPI
(%) e Y (o)
EIRBADRELER | MEmEEBORELAE
UPK1A B5 14 0> 5= FE 4 8 | SWAT P14 00 3B 5
NP63 1514 £ [ iz g8 ALDH1A2 [514 0> fE & #EAa
Ecad FELER<w—H— Ecad FLER~<w—H—

(@Bladder—on—a—chip M D3

v N B DT T A <~ U —Hiflakk (HTB-9) KUY b MEMHEED 77 1~ U —fflifld (HbDSF) %, /A LA ¥
— AT S ZANIZEE L C 2 B OEEREZ T/, ZOHFEICLY, Bl @B ER I, (F
KX afEYets), F£72, FITC-dextran OFEHBEZ E&E Lo & 2 A, HEERIZK VAN THEEOIL A R S 1
7o (PAR:ZEMERER), £7o. TEEREOFHNC X 2 BEMED U 7THEREDFEAN 17V, LR IC L 53U 7 HEsE
Difb AR LTz,

| mERe | | BBnER |
Apical
surface HEHFEDHR
kil pEmICERE | g 7] > Uostbobss

0414 = UCs

UPK IDFE IR 0.36 I T T 1
0 1 2 3
time[h]
FITC-dextran® & 1B 8 HiE 4
HTB-O [ BB U 1= RSBt E B £ Tk >/ T HRORLE
3x10°% 3x10% 3x10°0%

BT, ZOREMET S 2T LT, i bk

Live
ZRRA IRPREE TN L. HEVEREDERER DML
FRIZKT A X A=V RGN D 0 E, Sl
ORI E VB LTZ, TORER, 0.03%E
EAExL AT, MlENBlE SN =

3x1029% 3x10™% 1%
X AR, B2, 0.3%REELBA =& ZATHM

S . . .

FURVE MDA O BFHLICE L TV 2 A EEME 2SR
iy g

OREMBER KT T VB ~DEH



~ 7 ALK L ORI LRI ATV, B R 2 BBl L7z, ZOFT L~ U AZATEFEEAYITMRAT L |

PEPRIEER, R, Z IR RAEIR O IR IR 20 E BAT ML A B Uiz, E£7-, MBSO FiEERE L. B

BE~DAERE ZfeZe LTz, BARIITIE, SR~ w7 X OREB 6 Ul b K 38 A0AFR 217 VR MR b 2% & %8

JESH, ZOHROEMNREL . PREEEZERTHZETHMLE (FF77), TORMRE, 4LE% 50 A

&L&%%W@&#ﬁ% WML ETHLZ R0 oTz, £, WmAfTEIE LT [FRDIERE) Z5HAIL
. EORER, BB T T LTI, RO OBEE N2 B LTz,

£
‘ = E D BF R
NOD/SCIDR™ R % FIL V2 RIE A E 5 LT IS OHERRERS. ([B/15min) S 400 1
25 4 ~
o
£ g
g | o 200
$ £
510 4 ;7
E £
1 S f] ﬁ
z j O
. Dayl4
Dayl Day3 Day7 Dayl14 I. DayZlH o Day28 Day35 Day42,43 Day50 E iasllg}oeH 202
——saline ——H20 0> 2o07JARXRT7=R (300 mg/kg)

W2, b b iPS AR HEEE LB ERE AT ) A R EEICHE MRS~ T 2 ORI AT 5 K
BrRa1T o7, Bil 4 BRI ZRE L. OIF Z2/E L TAEBFEOKEG 2 b MRrRAPUADYEIZ L R L
oo EORER, ~ U AEMEECANT ) A4 FOHKROE MIJANAEE TETNDHZ &R LT,

LLEXY | BBV~ U A OfNL, FHRIRI P ESE O/, 2 LT ALY /7 A OB O
TSI &R C & T,



Purpose and Significance of Research: In this study, we aim to establish fundamental methodologies for the development of
highly differentiated endodermal epithelial and mesenchymal cells with spatial specificity (anterior-posterior, medio-lateral,
dorsal-ventral) within the fetal body. Our goal is to achieve the world’s first creation of bladder organoids from human
pluripotent stem cells, contributing to the generalization of methodology for creating endodermal organoids with advanced
tissue structure.

Background of Research: The basic structure of endodermal organs such as the trachea, digestive tract, and bladder consists
of epithelial tubular structure on the apical side, surrounded by mesenchymal cells on the basal side. The interaction between
these two cell types maintains the structural and functional homeostasis. To advance endodermal organoids for practical
applications, appropriate epithelial and mesenchymal cells need to be prepared and interacted with each other. In this study,

we focused on bladder organoids, aiming to achieve something that has not yet been realized worldwide.
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Research Goals: We have set the following three research goals:

Goal 1: Induce optimal mesenchymal cells for bladder epithelium and combine them to demonstrate enhanced bladder
epithelial tissue (generation of bladder organoids with advanced tissue structure).

Goal 2: Evaluate the enhanced function of epithelial tissue through epithelial-mesenchymal interactions using microdevice
technology (development of bladder-on-a-chip platform).

Goal 3: Transplant the induced bladder organoids into a disease model animal with interstitial cystitis, and assess their
therapeutic effects. This will demonstrate the potential contribution of enhanced epithelial tissue based on epithelial-
mesenchymal interactions to stem cell-based regenerative medicine (application to interstitial cystitis model animals).
Achievement Status of Each Goal:

Goal 1 (Generation of Bladder Organoids with Advanced Tissue Structure): We successfully created bladder organoids
with a specific layer structure, including basal CK5-positive layer, intermediate P63-positive layer, and superficial UPK2-
positive layer. The mesenchymal part surrounding the epithelium formed an SMA-positive muscle layer. This achievement
represents the world’s first generation of bladder organoids using human pluripotent stem cells.

Goal 2 (Development of Bladder-on-a-chip Platform): By co-culturing primary human bladder epithelial cells (HTB-9)
and bladder mesenchymal cells (HbDSF) in a bilayer fluidic device for 2 weeks, we achieved epithelial cell stratification.
Enhanced barrier function was confirmed through FITC-dextran permeability quantification and TEER measurements.

Goal 3 (Application to Interstitial Cystitis Model Animals): We induced interstitial cystitis in mice by hydrogen peroxide
treatment and developed a non-invasive quantitative evaluation method for bladder inflammation symptoms based on
urination frequency and volume. We also explored cell transplantation methods and confirmed engraftment in the bladder of
immunodeficient mice. Additionally, we successfully transplanted bladder organoids derived from human iPSCs into the
bladder of interstitial cystitis model mice, confirming engraftment of human cells. In summary, we achieved the establishment
of an interstitial cystitis mouse model, a non-invasive evaluation method for bladder inflammation, and successful bladder

organoid transplantation techniques.



