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Islet transplantation can induce a substantial improvement in the treatment of type 1
diabetes mellitus (DM). However, the clinical application of islet transplantation is severely
limited by the shortage of donor organs. We describe the generation of beta-cell spheroids
using mouse insulinoma cells (MIN6) as a model of beta-cells. We established a 3D culture
system that simulates microgravity using a 3D clinostat. Using this method, we were able
to produce 100 spheroids per mL of culture media. The spheroids produced in the clinostat
expressed several beta-cell signature genes at higher levels than the levels that were found
in MIN6 cultured in a standard 2D culture dish (MIN6-2D). The transplantation of the
spheroids into the DM mice ameliorates hyperglycemia, whereas the transplantation of the
equivalent number of 2D-cultured cells failed to cure DM. These results indicate that the
clinostat culture provides a new method for the reconstitution of a large number of
functional beta-cell spheroids for DM treatment.



(BREHAT 2 1)

RS Rk & i
200 9FEE 8, 800, 000 2, 640, 000 11, 440, 000
201 04&E 9, 200, 000 2, 760, 000 11, 960, 000
201 14E 9, 400, 000 2, 820, 000 12, 220, 000
201 24€E 8, 500, 000 2, 550, 000 11, 050, 000
G
¥ 35, 900, 000 10, 770, 000 46, 670, 000

WFgesr B« [E 3

PR 053 F - #1E : SVERERIRE S « SR — i
F—U— N il - iPS A - BER - RN - ZIRoThE

1. WS YO 5

BEIRIR O BE BT R CTHEE 3 [ 3600 7
NEWDIHEMO — &% T2E0 | T HITEF
460 J7 NIZDIED (EBEFERIEE S 2011 4F), 1
RUREIRIRIIA L AV & EAET 2 B A A S
AU O A C & 3 & LB IR BB L Fa 2 B JR T
SESFRAIHEN IR IEIND, fEsk, AJEIC
bizoTHEBERBIOA A H CENEHITD
TBIRDIIE Td Ty UTAR | & OIENRD
WER D 2% Sy BEL . B O PR IC BB 3D ik
SRR BAFES AL, BRAFZRESIR B2 81T CTE T
WD, LLZRAS, BIERRR - — R e 23 i &
RO TNHZEND, EVERAI(ES #ifd)<° A T
ZREMERR IR (IPS MAR) & F - B AR O 7
AR R A S AR B BN TR, plR%
T TETWS, B SIE B ML A i IR s
SHWDTZDITIE, N ABICEE B IR
T DM ER AR T 222 B Th
Do

2. WO BEW
(1) AL CTIE~o AfE B Ba B (Mouse

Insulinoma cell line6: MIN6) &7 /Uil T
Mo AR O R BRI AR AT, ZHET
2, ZIRCEF R IEIC L DB TH DK B
A7 = AR DR ESNTNDD, EFTD
BARICV SN TR (K 1 T %2, &

FE S e D & \ A X (100 — 250 o m) THIH
BHIZIEE ST, £2 T, o~ IO %5
B AEDOBRHE B M7 E O & FEPEN 53 WA
R 23 3 BOIR R D BEEE L IS 2 TR AT 2 451
#H LIz, ZOWRHEES in vitro THBLT 572012
VAR O AT BRSPS T DM ER BE S
W CThHEE x| B NE )AL (7Y
2B ) A LT H L IR SRS R OB
FAERIT,

(2) 1fL 75 PN R A s OV BE SR, Al A
2 MERF 2 720D (T HERE AN 70 M 5 2 A i 5
LOHILGT | IEF s DRI B TEEZR
BB 240D Z LD RIB I TEY | FERTESH AL O
I3 SO BETE 2 4B 95 b CAiRed C E AR M i
MR EAE A2 RIS 5, SHIT, RO E B
MIZBWTH, BE B MR OBEEREIZB VT,
ZNOOMNEN EE R ENE R TNDHTENR
HBHMNEIR>TND, TD7=0, B MR
T, BENB D FE AL T PRSP B A D HE A 72 81T
BB PN R, & 5 3E o B 22 ek
(Z LB ARBE R RS Sy AL R RE e R B R i &
VW) 3 O B o7 il Ce b i E e A
AL 3 Wt DRI ZTV . BAEIC LD
ESRRALAR D R b AR T,



3. WHgED I ik

(1) 2V Ay NLD ZIRIEHG R

—ZEE LEFRRXSAMHD R Y 2% M
WCHIAL D =R EIG R AT 5T, ZV /AZ Ik
DOIEEREFIL, FHEIL L% 1x107 26 LA
TLEBEE X B Y #h Z #onTiins
0.333 L7eD IR E LIz, ZOHHE HI R &
(ZEY . TEEEF O X fil, Y fiB LN Z #ho
FEHOGEIZENZH, -0.000G, -0.001G KX

U-0.000G E7poTz, BB P OSKAHIL 089 40%,

CO:B%EL , REBRIEE 1T 37°CELT, 1 AR
RET L~ ADOIERLL, C57BL/6) <7 A(H
KT X —/LAY/N—)6 () Z AL THESR
BRI, W, T TOEBRIIA I TN K
A E E 2 — DBUEICEE S & ARARFD
T DAMEEBLE 2 ST T L7z, T UBEIR
JRET VST AIAN TN R (LR STZ)
ZHEEL,3 A0k L T2 I8 K i pE
EAS 300mg/dL LA FIZFEL 7=~ A& R £
FN<TALRBEL,

(2) EGFP "CHEFRL 72 1F & e M MR PN B2
f (Normal Human Umbilical Vein Endothelial
Cell: HUVEC) (EGFP-HUVEC), KO THEF#kL
7 B AR (KO-MIN6) 2 1.0 X 10° &, BN
#E 2 IR (human Mesenchymal Stem Cell:
hMSC) % 1.0X10° fEHOMaL TREG LILRE
ErHhciRm L, B kL7247 v ki 24 v 7L
—bhD 17 =V B IR A FEFEL . 3 H [H]
HrRT 2L ClEME AT D 3 TRk AE
RRLT=, ke 22 F Cranial Window (CW)~174
OIERLE, 1T Koike H0 J5 £ Nature 2004)12
TEVMT T2, CW ~BHEL 7= 3 WRoCHLAR I3 I 4E
SREBAPEE T E TR B & R IR Y
(B LT,

4. WF7E R R
(1) BB INENREEBEZRH W ZZR T

EIRIZLBHE B AT z AR DK EAIH

e B AR A T = A BT RS Bl 72 5 2 H $0%
LA, ) ) 2AZy MNEEERZ A
MING % 4 H[H158 T 52T, B A7 zr A%
BRI AT AR et A R L T2, HFIT 6x10°,
7x10°cells/mL TIE, #ERIVHKIEIZZ VN 1000
B LI EDRE B Ml A7 za A RBAIH STz, #l
fam A MEE 5L, 100—250 um DY A X%
B HHE B HIIRAT 2 AR DIFEE LR KL
7o ZNHOWE B HIIEAT = A RIZE R SHEEIL
TAEEEA L TODIEAHIBIL [ B 0 45 2
()2 IRIETHHA AR C- T FREFE
Bl 22 LD MRS NI, AR TR BLURTICLY
HE L7 B M BB S T DIZEA LTI T,
AT =0 A R Tl E R & F R L TR B R
DL Tz, 7 a—RASEWERIELIZEZA,
TV — AR S B LT A v A 53 WD e 7
SNz, LEDZEND, 7V ) AZyMILD =Rt
FE AR UL CRETR O LR OB B 50 D Bl
JAA7 = A RZRIH CEXHIEN 3D A XHil
W ATRECTH B EN YD o7, Flm A7z AR
TERLS D =TI, FrERE R L L TR
RERYZR I 2 DB QDT EAVRIBS LT,

VERLL 7= B fM A7 = A NI LD IR ) 5
ERRETT D720 BERIGE T v~ A~D FRN
BRAERLTZ, 758, BIEEZNS, ZZEHF
MBS 2N KIS R T U R e A e H 2k
NI, £7-. BAE 24 B #% £ CTORMp A2 I
B 2h R AE D MR S LT, LR SR AT L2 10
R ERNL T H D AP P ISR L7 B A~
EARPAEFL TNDT ENRFERS T,

PLEORER I 7Y 2%y MZEVAIHE

7ol B AIA T AR, BRGRL AR THIE
MATHETHY, 73D, in vivo IZBWTHEERER) T
HHLZEDFERS N, A% REMEORmOEME
B MRk, HLIX iPS M2 BERE B Hifn ~o
SALTEEHAIT N AU, ARIEDLH 725
H)78 ZIRTTREEFAN LA D28 T, B3



DO EME R Z R ISR 5L
kHZEBIIFISND,

(2) BB MR, I %8 PN BZ M A, T 38 R B
DIERERICIDMEMEH T2 3 RITAHBDOA
H

~ b7V B~ A B Ak (MING) | IE
e MR RN B (HUVEC) | BEREIZE SR
A (WMSC) 2R A IR 7=, 3754, 1%
24 WEERITIZ, 3 WOtk AEE LT, F72. 3
WRICHLIR N IZ W T, Ml D TE e 2 k% B
12| S YA O ot o A Bk 1 o g AN o
%#{T-7-, HUVEC |Z green fluorescent protein
(GFP)% ., MING |Z Kusabira Orange (KO)Z##1
ZHEAL, M R IS T i T e A 8l 42
L7=eZ A, 1R BliA T4 30 REE 21X, HUVECIZ
L M8 B HEE D H LR AN B ERE IS A EEL |
MING (%, BRIRICEALAT = a AR &AL T
W2(K 1), BLEDZEDE | MING, HUVEC,
MSC Z 5% 45 Z L TR S 3 IRTTHLAK
L MEREE e 3 IRTTHR T DT LDVRS
i,
B 1

/HUVEC/MSC
6hr

———

Scale Bars:1mm

W, Al SN & 8% A 95 3 IRk
AL MO REZ LA B 7o, BB
BEB(CW) A ZIT, TBREZE{LE B
B3 2L RIC LA MEMEEAT5 3 otk
BEOBHTIE, BAE% 2 B B3 2 M5 m
RHETR D AVEED TNz, Bl 3~4 B HIC
(. A B8 AT A IS ek L CIfUR R 23 T

TW=(X2),
2

BleshL
F7o, MING & ILE N BGHIia OTE B 22 b 48]
LBLTLZA PR CIE MING 23MHEFHL

UNTAFAEL Tz e M IS PN R AR F SR o i,
ENEE NEBIZED A AT BRIRFR AR IS AL T
oo I, 18 EANMLE ORI B L ZAT 72 L 24,
HRFRBAECIL, BAE% 4 B BICENLAE N
FRE R Sk o> if 8 23 g A O~ T A ULAE &)
BT HIEDMHERINI,

1 IR AR L T B Ml & 2o DD
FRIZ Z o TR S ERIR DR AL Tk
0. R R O NI IS M2 & ATV D, iR
RAUTBRIKAH AR L | 1B R Bk & DTl k4
L7282 A BREIC IO AL BRIGHR X
M PN R AR A H SR oD 1 A8 Ml 2 N LIC 3 AT s
V. DAL EDPE BRI AN s
DIRBENTZ(3), 2D DOFER, B TR
AU TR AR T B B B R ST LU 7=
B CHDZ LD HALINE RS T,

Scale Bars:100pm

WA, e MILAE 2 A5 3 IRTTAEI A BE PRI
BT NS TASNBHEL |, £ DI R A RFEL
Tz BRIE N ICBAE AT T2 A | B
AL SLARBY IR A SR 5 Z 5 H B
L7z, S il 2 RO I L0 Al S 7oAl
IT CW TS AE LA S A7 I SRR & (R Rk



{2, Laminin 72 & O FEEMERL 47 Insulin & PR

(RIS DILEN

ST, MBI T RAR R

14 HHLFEIZ 300mg/dl LA FICARFL, LA
300mg/dl LA F&MERIL 7o, ZRHDFERNG, &
M LS M2 3D S RS R Z LD B PRI D15
WD R RSz (IX4) . A t4 . AR L7
BB A T = A R DR EAERLEAN LA G
HHZEIZEY ., ZhERmpe L E e A T DK
EERARRR D R BEAEIE D PR SN D T LA HIFF
TED, (K4),

B 4
600
‘? 400
By
E
1=
7
.'g 200
(1]
-5 -2 1 4 7 10 13 16
==MIN6 HUVEC MSC
> 2A AL
5. E/REimLE

(WFFEEAE . WHIEo 4R e O IE# 1
ER 7Y

GEEam ) (B 410)

1.

Takebe T, Sekine K, Enomura M, Koike
H, Zhang RR, Ueno Y, Zheng YW, Koike

N, Taniguch H:Vascularized and
functional human liver tissue from an
induced pluripotent stem cell-derived
organ bud transplant. Nature in
press * figiH  10. 1038/naturel2271
Tanaka H, Tanaka S, Sekine K, Kita S,
Okamura A, Takebe T, Zheng YW, Ueno Y,

Tanaka J, Taniguchi H: The generation

of pancreatic f—cell spheroids in a

simulated microgravity culture system.

Biomaterials 34:5785-91, 2013 #Ft
A

10. 1016/ j. biomaterials. 2013. 04. 003
Koike H, Kubota K, Sekine K, Takebe T,

1.

Ouchi R, Zheng YW, Ueno Y, Tanigawa N,
Taniguchi H.: Establishment of

Automated Culture System for Murine
Induced Pluripotent Stem Cells. BMC
Biotechnology 12:81, 2012 &HiH
10. 1186/1472-6750-12-81.

Takebe T, Sekine K, Suzuki Y, Enomura
M, Tanaka S, Ueno Y, Zheng YW,

Taniguchi H: Self-organization of
human hepatic organoid by
recapitulating organogenesis in vitro
Transplant Proc 44(4):1018-20, 2012
Hwe

10. 1016/ j. transproceed. 2012. 02. 007
Sekine K, Takebe T, Enomura M, Matsui
C, Tanaka H, Taniguchi H: Regenerative
medicine approach as an alternative
treatment to islet transplantation
Transplant Proc 44 (4):1104-6, 2012 %%
e

10. 1016/ j. transproceed. 2012. 03. 020

(FaE] GH11 110

20 B E R PR - anfic L
TERBERAEZBMT 2 002 — &R
AT 5 MNFEEREHEDOBR%E —
%12 B A ARFAERYES NRAVT 4
AHvay Mar. 21-23,2013
7 ¢ i (FARJIR)

YRR, FRMS. BEAR R, AN L. bR
FERER. RO BmET L~ X &
F - PR AL O MB R AR fRAT 5
12 BIAARFAEEREYS RE

Mar. 21-23,2013 /37 ¢ il (#h4s
JIIR)

LB oz, B . R R, Ml
FE. /i . BIAR . A DS e b
WSS M 2 A5 B B SRR AR O A1l HH
F12 [ A ARFAERSS RAZ—
Mar. 21-23,2013 /337 ¢ ki (PR3

N



(14

JITEL)

RO - iPS Ml D b g & 1
5 | —HHFHE R ~DW MR~ H
AEWFERAFIEFRE 26 MIRE 1
96 Dec.7-9,2012 BEEFRIANTFIT
O v %R (RRAR)ITIR)
Enomura M, Takebe T, Sekine K, Koike N,
Taniguchi H, Tanaka H: Generation of
islet like structures with human
functional vascular networks.
International Society for Stem Cell
Research 10" annual meeting. /X7
« AR (FZR)IBL) . Jun 13-16, 2012
Zheng Y, Li B, Zhang R, Kimura M,
Tsuchida T, Takebe T, Ueno Y, Sekine K,
Taniguchi H:Self-renewal versus
differentiation as well as the liver
repopulation capability of human
hepatic stem cells. International
Society for Stem Cell Research 10"
annual meeting. /337 4 affi (A
JIBL) , Jun 13-16, 2012

Sekine K, Ishikawa M, Takebe T, Suzaki
A, Kawashimo K, Matsui C, Taniguchi H:
Identification of pancreatic
stem/progenitor cells expressing PDX1
reside in the CD133 positive
pancreatic duct. International
Society for Stem Cell Research 10"
annual meeting. /X7 ¢ afiiik (M4
JIR) , Jun 13-16, 2012

Takebe T, Sekine K, Enomura M, Suzuki
Y, Koike H, Zhang R, Koike N, Ueno Y,
Zheng Y, Taniguchi H: Creation of

vascularized human organ from induced
pluripotent stem cells. International
Society for Stem Cell Research 10"
annual meeting. /X7 ¢ ik (#f%
JIIR) , Jun 13-16, 2012

&)

=

Gr4fF)

2.

3.

4.

GIN M
N =
7f:1D\IJ

B Ok RS OMRERIE - L
W LR S (A A
FHE 2012:24-33

A O TER, K, B2 « iPS Milao
BEPRIF PR~ D I F—BLMR & 3 —
1PS A D ZEFERIS LT > — T DY
— IR 2009 : 202-210

B ORI KAE - T
HIAELE  2009:470-472

B AR AT 0 2 on#E bz
7o MM ORERERIM  #AI O 5
(L7538 & Ji fH——ES HR - 1PS Hje - 1
PEEERIIZER TR MRS X - 7
T Z 2009 : 379-389

4

/r—-

(D)
2 51t

==
http://www—user. yokohama—cu. ac. jp/ sais

ei/

6. 7Tk

(

2

D BFFEREH

A M A (TANIGUCHI HIDEKI)
R T NT R « [EEWFIER) - 2%
FgesE&5 70292555

R0 itk

/i A (KOIKE NAOTO)

R TR NL R « [EEAF5ERL - KERR
W7e&% 5« 50301081

B EERE  (UENO YASUHARU)
RRIETI SRS « RS20 - Bh#
WrgeE s« 60375235

@ 3 (YUN-WEN ZHENG)
RRIRTI SRS « RS0 - Bh#
WrgeE s 80404995



