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Fabrication of cell-based bio-microdevice by bottom-up approach
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In this study, we aimed to establish the methods for fabrication of three-dimensio
nal "bio-microdevice" that is mainly comprised of single cells. In addition, we tried to reveal the mechan
isms of self-organization occurring in _the process of the fabrication of bio-microdevices.

We found that aggregation and cultivation of hepatic cells and hydrogel beads resulted in the formation of
network-like microvessels in the hepatic spheroids.We also established a method for fabrication of the ps

eudo-islet using pancreatic alpha and beta cells. The pseudo-islet acquired not only higher insulin produc

tion rate in a specific alpha/beta ratio but also the real islet-like structure. Moreover, it was revealed
that sugar chains were involved in the cell-rearrangement.

These results indicate that development of the processes and understanding of the mechanisms to fabricate
"bio-microdevice” lead to innovative product like the pseudo-islet.



# XL C—19, F—-19, z—19 (@)

1. WFIERHGA S D 5

BRI BERE T 2 [RIFE & D N I BRE o Fl i
EHEER LN, Wb [t 2F
L TW5D, OISz TR 265
DIZHDV— )V HFELE L, e o> 22 R0
FDIX, ZON— RS> TIRIESN TN S,
Thbb, Mg L RN, —E
DIV— VIS THIIE D ZFE BN RE S 1L
%, ZRIAMIL. ZORFTRIRIES BV E
FEAEND LT, MERKFEZEARNLT
W5,

AL 2 Z DEARMERM B T D~ 71
TNRA A (RAF~A 7T R) OREE
I, EWERGTERT L B2 b5,
Wi h, Mo EICE Y, iPS
W 7e & O g A & & b 7o A% & 7o A o B 2%
NAREE o TBY ., ZhEEREELsE
L2 ENTEIIR, BRx A G % FEL
TELI0HTHD, BIZITHEBREEZEY 2
T2 ERTEIUL, IRREFIEOCTRREEOER
ZITH LW TE S,

EROSEEZ HBLT B720121d, £ OH1E
AT DM ER S D, Lo, il x X
M2 B L& & mE N MEZ BN
T LY = NCEH S TH, BEEITO &
FOWONIE/LLTLES, ZuE, igd
W7 K9 e filatt 2 DL — L BB EIZA
NTWRWNW=dTH D, MIEE M > TR
figgs OMRED —H 2 A T A A ~A 7 1
TNA AZED BT A 7=012, Milao B
W72 B, 372 HE R B AR % PR
LAIAT20ERD D,

Foty 51X 2 FIEO M Z %) — /2R AE TR
FEDOE TERROMBEIED & HhOIXT v
K DITAFTE L Q2 2 TR O MBE N R % 128
BE IR BRAKHNZITFOEICE E D Mla &
ZONUEBE S MBEIZoPN D EHEL
7= [Foty et al, Development, 122,
1611-1620 (1996)], Z AuiTHIL S ERRY - 1k
FHICEAORE 2R L ITET S H O
ML ZEO —Flz R LTS, LLan
O, EREOFE TS 2 /Mia A & o
BIEINTDTER TV T2, MRimlZEEE LI
SWHilaZ AT R TERNEN D
IR 8 > 7=,

MEEREH T Z 0 L 5 RMEERIT 57
O, MRLOREI THAEA (TS 54K
OB ANEE A fE U, MR OBRERE 12
R Sy CRrESE DN AR L
[Kojima et al., Biomaterials, 32, 6059-6067
(201D], Z OHEAFITMAEFE T E A ERD
9 [Kojima et al, Biomaterials, 27,
4904-4910 (2006)], A [F] 1= 2 B 2 # S ©
x5 H D TH 5 I[Kojima et al, J. Robot.
Mechatron., 22, 619-622 (2010)], %£7-. %
OEFDRIT N TH Y, T E (LD
TELBEEEER) EWvWa b, —HERSR
TR ITZE NI AN T ANT (b 2 b
WT7e <, EEACKDIEDRN L 2o
TH, B THEY B -5 EEEZRA L

TIREEA MR C& 72, LA MIukE (Hep G2)
& N R R RR (MS1) Z AWV T~T a7
BEERERT 2 &, B X% 5% D g
RN TR EE) 2 BRMA L, 24 Rtk £ C©
WXy NI — 7 ROEEEZEE LT, 51
B a7 ARG 5 &, MERRORE D D%
EICE L7 [Af il Kojima et al,
Biomaterials, (2011)],

IO XD BB BRI E RIS S
ZEMTENE, A AL I TS, A
TEV 2T 72 OB el & 725 L& 2. WF
JEDFEREIZ LTI IEE O RFEICE 572,
2. Mo H®

W AR B LT~ A 7 a7 R
ERE AR A0, VY a—uRd
FAERAWEGEOX Iy T HE UM
FIETIEH L, MBEMBEERICE DA A
T TR FEDMAL D, RFETIE,
MlaOBR 7 B CARR LB G A FIH LT, &
MR EEREE S D IS T~ A 7T
INA A BHEEE - T D FIEERE T H 2
LEAPE LT,

3. WDk
AL 2FEMTE L., LLFD 2 >0 FHH
ICEY Tz & & LT,

FEf 1 : A Foba—IEHOFIHIC LS
HERIRE D E CALFRIE & Z DI
AFHETIL, FizICBEB LIz AT AL E
— A% il gEE L2 W, 2o
FIEORIL, Mo RREMC, B A
BV AH I EORMABIZ T B0 % — G
L LWl eThsd, -, BELEM 100 nm
~100 pm & FEFRATHRIE Y A X DRI+ % EtE
SHDHILENTED, MIREEICT VX B
Fre—XzHwniE, v v Far-v b
DT DM ET DT VEENLTH
ZEfb L. MBALICEEE 525 2 ERAEET
HHEMESNZ, £/, €D Hep G2 #
fa & MSTMifE & OfAE DRI TR, B
aBXOBHMidHEOMarkIZ L 5B EM
FRALH 70 B FERC AN DWW TR ISR ST 2 1T
52 L aEEE LT,

FHE] 2 : H CHFBREIZBE 575 X 7 =X A%
DT LI TR RF

H OB 2R 272D, DA D
= ALERATZMLERS D, Foxid, HLE
RS E TR O NN D ZIRoTE;
BUAT LEWR L, HOMRRMEIZE T 2
faF 8 & i I #8l22 T % 5 3 CMREE S
P AT A EBFE LIz, 2DV AT AT 96
TV — R T —~<y N EEE#RAT—
CHOLHEMB L A G DL DT, 2
DY TNENERLBIETEZ D,

T TV DD DB S0 F A %
L. BES THOMEBMEICEE LTV A E
#Fix, [fFl. [PISK 7Rk, 77
FUEE], [Fa—TVVEE] £25, 2



NHICEET 20 FREOBERERHT 5, &
S0, MpREREmoZ A ERICBIT 5%
RICEBEREEER-TEEZLOND T
) IZoWnTh, HoOMBEH S~ %
FRBHZ L EFTHE LT,

4. WFFERLRE
FrE] 1 [~ F 27— MEEDFHIC L5
H ERFRAEDFIE 1220 T

K1 FZILEUESILE—X (§F) & Hep G2 HIfa
(F)DBEBNAT) YR BRER, AFI/ILE/0
—REHIZHHELT 10 R RO,

A2 b)) ANVVAT AEHEAL
THMBERBREDOT VX BAA Fa s
E—XB{ER L=, ZoF e — XL Hep G2
Mgl 2 1351 DlETRAEL, AF BN
o— RIS B V) FIET, N R
gy E—XEMaENGIRDNAT Y v
RABEREZERLE (K1), ZORE,
BEANTIICR Y FT—27 Eo THlE¥ 2
Bt Az L (K2), Yre—X
WIS F BB RE N0, FLE—XNF
£ LT F F THERERNE~OYEZHHR
WEINHIN, BRIV Ve — 2%k
TAHZLE T, EHEA D pm OEOEE— XN EE
WOWMIZETREETELZELHLNE
role, £l MERKBOUEIZ OV T,
BAE T RBOREHEEE O U= L0 fERR
B ENAHETH T,

2 WNEICH/MNREREEZRAEER. B
1TDESTNATY IR BEREERLIZE. &
ELTHBER T At E, CORT
FE—XFEETRZBEVA, BU/NRBE S
IZEEFE->TLVS,

WD MM S I D~T v ERICB T
5 HOHE LB OWT, flix O BFEME
DOAHEDLEER U, o M (o
-TC1.6) & i B ffakk (MIN6m9) % FH\\ 7z &
X, U RADOKEORIE, 77200 8l

a7 L TCafManElED Y = VG E
HREMICERTHZ 2R LE (M3),
TN aA—REEREDA 2 Y oy UeEe & H
ELEEZ A, BHMIZICX L TREDHSR
O o MRANTFAET D E XD, A A Y 50
BENEEDZENHALEZ, ZOXonb
D 5B I OW T, BEEEIRY A X OME
REFTDONA Fr T e — X0 DA
L A& OHIENZ - T, 2000 fE O MR D
BN D — e R 2 KL L
EEITH LT ABEEADA LAY 3
PERE 2 2 7= m i e L B U S 2 /B9~ 5
ZLENTET,

K3 f#ofiasRE f MROIRTRELICE
(THECHEBIEERR. BRNIC oM B H
fan s alc#EY 5.

i 2 THCHBEIZBE S 5 X =X A%
DT LI TIRFE) 12200V T

F 9", Rho X° Rac DEFAA K AT MR
B D WITEMPLER D& G T O & . il
~OEANFMFELRFTI L., 2 b O8RS
T ORBEFRTD, WL EREREED
ZEMTERNo T, W TR O
WCREATALVIF AL DAY —= 7
ERMLIEZA, —HOL I FUNRACHM
LI B AR 5.2 5 2 LB LUz, Bl
T, HOMEBAL A RELY] R F — AR,
R OEERE (7 7 F oMU NEDES) N
FRIZKRELHFELSLTEY, B R~ R
Rho-ROCK 72 E1XBA G- 07D LTV Ry, 7
ebb, MIEREEE DR S DRI, Al
MGk &z iz L b > MIRBEN N FTET
HrEZOND, ZOX O EAITMEE T
FHNIRD PO N T~ 70T R AD
SECIEFICEETHS &L b, BAELEY
FIZB T MR OBENIZB WL EE R
RTHhHb,

FEo
UEDORHREFE LD D L, AIFFEIZBNT
oA R AL — XOREALL, o,
BHIIC Xk BN — R e &, AR EREE (A
D N ERAE &I 51 X & — o A il T X
DI ELEIRTIENTE, MAT, LR
PRIl R i OB 5 L Tuv AR
LS A Z B TEZ, 20X D R,
AFFEORBEL L H D X 9 7 THjuEREN
DNRAF~A T OFNSNAR| ZRNLT v
BICAERT D5 Z LT 2 ET LR %
ATbDERoT, R, REMRPERIZD
W, SRR iPS fllfa 7 Enb A R Y



VORI A RE CE 2B, Kbl
TEVEWA VA U HWREE BT DR,
Thbb Ing =] 2552 &NT
TAUE, A MR &L BEIRIE TR ICE R
TXD, 20X A I AT BF RS R
B OB BEZRETELI b, 7
iT&xbLEEZTND,

5. FeREERmILE
(WFFEIRFRAE . WFIE A S ONEEERFEH
=Y

GdEEEamc) GGE 710)

@O Kojima, N. In vitro reconstitution of
pancreatic islets. Organogenesis, Accepted.
HHE

DOI: 10.4161/0rg.28351

@ Kojima, N., Takeuchi, S. and Sakai, Y.
Engineering of Pseudoislets: Effect on
Insulin Secretion Activity by Cell Number,
Cell Population, and Microchannel
Networks. Transplant. Proc., 46,
1161-1165 (2014). #HAT

DOI: 10.1016/j.transproceed.2013.11.147

@ Kojima, N., Takeuchi, S. and Sakai, Y.
Fabrication of microchannel networks in
multicellular spheroids. Sensor. Actuat.
B-Chem., 198, 249-254 (2014). 75t

DOI: 10.1016/j.snb.2014.02.099

@ Katsuda, T., Kojima, N., Ochiya, T.
and Sakai, Y. Biliary epithelial cells play
an essential role in the reconstruction of
hepatic tissue with a functional bile
ductular network. Tissue FEng.,, 19,
2402-2411 (2013). 75

DOI: 10.1089/ten. TEA.2013.0021

® Kojima, N. and Sakai, Y. Control of
liver tissue reconstitution in mesenteric
leaves: the effect of preculture on mouse
hepatic  progenitor cells prior to
transplantation. J. Robot. Mechatron., 25,
698-704 (2013). #FefT
http://www.fujipress.jp/finder/xslt.php?mo
de=present&inputfile=ROBOT0025000400
16.xml

©® /NEE, BHEIE, FHER, B
17. FFEMPERIC X 5 B BB S
i&ﬁi%}ﬁfn/ft. A PEFSE, 65, 83-88, (2013).

DOI: 10.11188/seisankenkyu.65.337

@ Kojima, N., Takeuchi, S. and Sakai, Y.
Rapid aggregation of heterogeneous cells
and multiple-sized microspheres in
methylcellulose medium. Biomaterials, 33,

4508-4514 (2012). #HAH
DOI: 10.1016/j.biomaterials.2012.02.065

(FRREEK] Gt 191

@O Motoyama, W., Aoki, S. and Kojima, N.,
Protection from Cell Death in Multicellular
Spheroids. 9th World Congress on
Alternatives and Animal Use in the Life
Sciences. Hotel Hilton Prague, Prague,
Czech Republic. August 24-28 2014 (Oral
presentation)

@ ARWLFIT, EALA, DEHE B
MR L7 SIRIEA 7 = A REEHRIED
BA%E, % 21 FIFMRIIES GURER SR
KZEM&D # U —), 20144 6 A 27-28 H (R
2B —F g )

@ Kojima, N., Functional Enhancement
of Multicellular Spheroid by Microchannel
Fabrication. TERMIS EU 2014 Chapter
Meeting. Magazzini del Cotone Conference
Center, Genova, Italy. June 10-13 2014
(Oral presentation)

@ /hEMEZ NEHEEOHIEC X DR
FOWEBHEAR 7 = oA FOmEERE(L, BAM
MRS R PR 87 Mk (R TR HEX -
BEAAE), 2014465 A 29 H

® /EME MNREEZBILEI=
= T EARERL O E O f A, RIS - ZRRAFZERT
I — (KRIRFEST - EEFRESEERX
2 thEEMEE Y ¥ —), 2014 4 4 A 23
H

® /hBME =F TR OER i
REOBILZ BIET, m. MEHCET 54
WMbFE TS Ry 7 N ()1 R -
RRESZ KT - L TR TH), 201443 A 28
A

@ /WNEME  In vitro (23T 5 S REMRRR
D B O % ( Engineering  of
islet-reconstitution in vitro), % 36 [AlH A&
DVEWFERFES (MPER—FTA4 T2 R),
201312 A 36 H (KAZ—Ev I a3 )

® /EME N ORI X 5 I
s & OV B M EEE IR D =k REA L, o R
UL HMIRET v A HERF OB &Rk (R
HRFEERIEF o RN v a vk —
V), 201834E 11 H 25 H (KRR &Z—t v i g
¥)

© DEME MUNEBOBEICX DR
KO BB R O mikaE L, 565 1 [IHHIaEE
Es (e b @EM Y —A—72), 2013
F11H8H (AT L)



Kojima, N., Ogata, Y., Nakaoka, S. and
Sakai, Y. Mathematical modeling for the
self-organization of cells. uTAS 2013.
Messe Freiburg, Freiburg, Germany.
October 27-31 2013 (Poster presentation)

) Kojima, N. Fabrication of
microchannel network in multicellular
spheroids by embedding hydrogel beads.
World Congress on Regenerative Medicine.
Messe Leipzig, Leipzig, Germany. October
23-25 2013 (Oral presentation)

@ /EME, BRAELRE, TER, EHE
17 Mathematical Modeling to Simulate
Cell Migration and Adhesion In Silico, %
20 [FIFFAIIapFTE S CRPRIEBR25845), 2013
9 A 26-27 A (—f% HE)

@ Kojima, N., Takeuchi, S. and Sakai, Y.
Engineering of islets to achieve higher
insulin secretion rate. CAST 2013. Kyoto
International Conference Center, Kyoto,
Japan. September 2-6 2013 (Oral
presentation)

@ /EME, TNEIR, BEHEET Miao
H Cak b B G 2 R U 7 e B BR AL o 4
Bk, B 12 M AEAHAEEZRSRS (W
7 4 affiE), 201343 H 21-23 A (—#%x A
1#)

® EME, TNER, EHERAT Mt
BT LMD D FNE AT 5720
OFHMIREEETE (Establishment of rapid
cell aggregation method to study cell
behavior in cellular society), % 35 [F] H A
DTAEYTFETE (RHERESES -~V v
A v BER), 2012 4 12 A 11-14 A (U —
Jvay S e RAE—kyaL)

Kojima, N., Takeuchi, S. and Sakai, Y.
Fabrication of microchannel network in
liver tissue spheroids. uyTAS 2012
Okinawa Convention Center, Okinawa,
Japan. October 28-November 1 2012
(Poster presentation)

@ Kojima, N., Takeuchi, S. and Sakai, Y.
A method for multicellular spheroid
engineering. 3rd TERMIS World Congress
2012. Hofburg Congress Center, Vienna,
Austria. September 5-8 2012 (Poster
presentation)

® NEE, MTNETR, BT MG
WNBREEZATHIHMEA 7 2 A ROE
BIE, 55 19 [RIFFHIARAF 78 (FLIREE R K 52)
201246 H 29-30 H (3> AHRTY L)

@ EME, MTNETR, BEHET XY
A4 FEEEE2 AT M A7 a1 Ko
W, 5 11 B A ARFERERZESRS (N
7 4 affiE), 201246 H 12-14 A (—#%x A
1#)

(&FE) Gt 110

@O Sakai, Y., Jiang, J., Hanada, S., Huang,
H., Katsuda, T., Kojima, N., Teratani, T.
and Ochiya, T. Three-dimensional culture
of fetal mouse, rat and porcine hepatocytes.
in “Human Fetal Tissue Transplantation”,
etd. by N. Bhattacharya and P.
Stubblefield, Springer-Verlag UK, pp.47-63
(2013).

DOI: 10.1007/978-1-4471-4171-6_4

(P36 M PEAE )
OiRd Gt o)

OBF:IRI Gt 01)
(£ Dfh)

ZH
O /IBME, % 4 8] BEANS REWFZEss, &
BHRFE, MEMS & FFlE, 201245 H 22 H

6. AFFEHERR

(1) #Fgef g

/NE i (KOJIMA, Nobuhiko)
REIETHNL K « KBTS v AT L8
EWRGER - WEHR

g8 %5 90342956



