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ZREME RN DR EAERFRE R 1T D ROMBIRIB D DM L 7o Mila D3 A

etEaAmfe (ES Mifl) <o NTLZaetkepfifia (PS Mifa) 7¢ & oLy, BCO&E
BN OL LR R AT 5. SMEIEMIN 7 & OSFR (7 ¢ — & —Hifn) & DRI
BT 7 0 — & — M3 21 2 BIEK P B OFE T T, 23 b L Re el 28 ~
OMifaDBEEN LD an=—2 R LWL, NhEREAaRoOBIRERT D

(Thomson et al., 1998). LU, ROMEHEREERIZIHWNT, K& HE LB oM
FBET L LERMONTND. KoLl Ry bifild~—4 — (SSEA4, TRA-1-60,
Oct3/4) BHMETH Y, ZMIETH D WIREE, PIRIE, SMETEIZ /3L OAld 3R LA
~—h—EtE, o, TNENINRE (PAX6), FIRZE (Brachyury), WIRZE (SOX17) ~
— 71— Td 5 DIZKF L (Takahashietal., 2007), K& < @ L7IROMIIE, Kot
Elill~ — I — B L O =~ ——D LB L b2, TRbbLERIIREE TEST
W2 W & DT FER STV % (Takahashi et al., 2007; Enver et al., 2009; Takahashi et al., 2009;
Kimetal., 2017b). Z OMIRLIIFFE DG~ — I —IZ Lo TEREINTE O T, RioLIREE
OGN L7ZAE & LT D, M RIRIE ) DI+ 2 R IZHOWT, ar=—K

DAiEl = DR L~ TE BN FAT S TV7R0,

Z PRI DML ZEE) & R LMERF O BEER
B9 2 Mt K OEE L o E N W & MR, PERE, WEAEITE Z 60
(Gumber et al., 1996; Lauffenburger et al., 1996; Huttenlocher et al., 1998; Kondo and Miura, 2010;
Eiraku et al., 2011). LIfiidk v, i3 @B OMNE 2 @ LEE T 2 tEr o Tno 2 &

<> (Townes and Holtfreter, 1955), #k4 72 B IXHIfRIZ & » TYWHEAIRESTH Y, 7o,
1



MR DOREREHEEF O B CHIEIC R 5 o 7T L OIEMARICEA S LT\ 5 Z & (Bershadsky et
[.,2003) BHE SN TS, ZbiE, FHEB XOWET 2/Mia L 085D, MIafIRE
b, 8, WEICBEE T 5720 TR, MIagE~OF 5 LR LTS, ES Mllgse iPS #l
faClX, E-cadherin 24> L7-HMila — MR 75 & integrin %41 U 7= #liid — LB 295 O A
TER DRI IEDOHERFIZ LB & ST % (Kovacs et al., 2002; Vaezi et al., 2002; Delon and

Brown, 2007; Chen et al., 2010; Redmer et al., 2011; Soncin et al., 2011; Lietal., 2012). & 512,
MfE —Mfaf 4 L OMIa — IEMBAE 0 D EBD v 7T N T o i U TR S 7T s
REETH 2 LRI ILTUV A, Integrin DBEH & HE & OFEE L, integrin & AR O actin =7
47 A2 b (F-actin) OFEAENLAYD Rho 7 7 X U —GTPase T % RacGTPase 2345
Z L Z#IfE4% (Ehrlicheretal., 2011). Cadherin (& & 28255 A1%, /Ny 1 AF-6 78 Ras ~7
7IV—G XUV ETHD Rapl ICHEAT DI LICEoTHifiicn TRy, BAEMGH
RLTENZT2 D & Rapl OIEMALIZ L v 85 E MEET 5 (Bosetal., 2001; Asuri et al., 2008) .
%72, E-cadherin D> ¥ A h— R % h U H— & L7z Rapl i ki, integrin 24> L7
FE & ORI X % Racl {EME(L A AMEH LT % (Balzacetal., 2005) . el — il e
M#eE &fila — REREE OM AL, MIaRNO > 7 gt bz 9 U Clagie 2 i
9% (Garciaetal., 1999; Little et al., 2008; Lampe et al., 2012; Hynes et al., 2014; Li et al., 2015;
Werner et al., 2017) .

MRl A2 1, A — MR A g & Me — SRR DT o AT L TRET 5. Ml
o —ffafEE NI E A ETER S TWaWnililalx, EENELS, T X ailiET 5.
Integrin Z 41" L 72 Racl & MEAKIZ K 0 HERLSVEFRE (2195 - E& L (Sugihara et al., 1998), #x
FEET D S 2B R OB & 72 Z R E R 7R8I 0 D &, Ml — M35 CThi e LTz
MIRLEE, & DS OHERF O 72 DI ARV HTER) (collective movement) & FHI 5 1

FHE 72BN X &7~k (Hegerfeldt et al., 2002; Montell, 2008) . il — ELE W25 1281 5 F-actin
2



WHiEEZ T2 &, WREREEN 7 o & AEEICE L, MEGIRENEILD Z
& X5 (Friedl and Gilmour, 2009; Mahmut and Gerhard, 2010). $£7-, &R
RO ECIE, ZO-112 X B EAER A (tightjunction) BSULETH Y, ZOFEHE DI
AREEST D72 0IIT T & D7l E D & iR R HEI ~ Db N HE THDH T & b

WENTWD (Sonoietal.,2016). & LT, MifaA 4% T 2 &4 ClE, Md—Miafis &
Ol — BB H A & DT o AT Ko THIREE D23 % (Martin, 1997; Maheshwari,
et al., 2000; Duman and Monteggia, 2006) . &R O M E m e E F L OVE AR, Mk —

MifaEE, Mio— AEMEE, BLOENLOEE LMHAEN LA S MlalEEo 3 >0

=

M B DT AL > THIERZINDH EFE X HNTWSD (Kim, M. H. and Kino-oka,
2015).

ZVETONIRITHE —THET HMICER LZbONZLAETH Y, EEIREMS
T Dl 2 O DOWEEIZOWTIE, Ml —Miafees, Ml —RE RSB X O
WEENRFEMPNEMETH D Z bl e A EES LTV RV, MEOEESME T T
ZOHEMNOGENC K- T, B oMlaIR, HhE, W, Mlh— Mg s s s
23N B30 CUN 5 (Snijder and Pelkmans, 2011) . L7=723-> C, an =—% 7 5 &4 F Tl
MR D ZE I AR — PRI E R T o BN HH L EZXDBND.

Fio, MR ORER, 6, X ONEER, MIRNTED &Ko Sz iag ks %
AL S, MR N ZRET DT EDRESNTW D (Svitking, 2018) . # .1, M E#
BT % 2 X7 B T D F-actin 2MiliifE 32 & BRIV 729R 23 E T 578, F-actin (385
AT DEAIR L 2 #AE L T D7, TOENN, AW Factin 2@ U7-
VT E o THACARIET D (Tamber et al., 2011; Uyeda et al., 2011; Kourtidis et al., 2015) .
ZOZEE, NFHANLRICEST, 7 ITRERIN, BENDOT o~ F o EENE

922 HH 5 THS (Osmanagic-Myersetal., 2015). > 0, HfE— o BE5
3



A L ClEET DML, MlaEkoZba/r LT, an=—NOMIEEZIRET D &

Exbhbd.

AL DO ERERIT OV T

PLbEZEE 2, RELFHRICTIE, b b iPS Miflnd = v =—WNIZBT DilEEDZERIIAY
—PRIZOWTHIZET D 2 LIT XY, RIOMBAIRRED & i L 7o MRS 5 A9 5 Bl G D PR g 2
HiuE 35, RELGRCL 2 BCOHRIND. 8 18T, EEMITICEY, B MIiPSH
fadaw =—NIZBWTRIMBIREEN S @M T 28R 2 L7z, F2ETIE, F1ED
PRI S X, RV U X RAFEH KA~ 7 VT = & Wil —Mia S oEfic kv,

ROMCIRTED & i 38 A 2 B 1 URIMEAER; 21T 5 (Fig. 1).
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B1E EEMFITIC K 2 iPS MO RS IRTED b DRBIELSR O EE
11 f&5

ES Mfa=<> iPS Mifi i iz S 5 LREtEmriifilY, B Ol L U0Z ke x
KT, RO AHECT Z Lidkk e L CTHREETH S (Kimand Kino-oka, 2018). t
I~ iPS ffifdi, E-cadherin Offifia — M fE #2385 2/ L TEHEICH A LIcmBEEDan =—4%
R L, av=—KNOMIT/ S e8akok A2 7R3 (Chen et al., 2010; Redmer et al.,
2011). —fxiZ, B MiPS ar=—3HFTHDL, D ORMMEIREEHMER L T D25, HkR
RO TARERE D Dl LMy T 5. ZoBGIan =—hLiE L

JAHER TR Z Y, TBROBINZRZE L, TRb /NS RBa RoMids bR & R L7E

o

ROMAE~DZE & L THlEE S5 (Takahashi et al., 2009; Kim et al., 2014c) . A5 {kik g
PN BRI L7 M DS AT OE A AL S, b b iPS Mila o RWIHER &2 REEHZ LT
5.

Bibid 2 HilaCHEE & o8 1, B X0 an =—0RIRE biIcB W CEE & E %
FioL L blZ, b b iPS MIRADRIALHER £ 72132 DRBLOWFT NI D 5 v 7T Lk
W A& EERICTEME L% (Kimand Kino-oka, 2015) . &8 HIfEN O 3 7 F Uk 70 & & & ek
W) 720G B, MRS A8 | A 2 Al — Ml 255 Jo L OVl — SR BB AE & 41T
B> T\ (Kimand Kino-oka, 2018). t Ik iPS = v =—{X E-cadherin o>l — i fi 4%
& ointegrin (2 X DEE D T ~DOEEEA LM TR S, AL & B miE b
B DR % 79 (Kovacs et al., 2002; Vaezi et al., 2002; Delon and Brown, 2007). Cadherin |Z
K DEEE DG — MR EEE R & 2B T 2 — 5 C, integrin (2 & 2 Mija — BV B2 5 03 82
AWEZER LT\ 5 (Liet al, 2012). Cadherin & integrin ® EH 5 & 23/ R A A v %
L TRERMANE & T EEERETRL, SBITHF T =2 "I EEI LT

Ml EREICHEET D2 &Ik D v 7Ty FU—7 Ofitiz i@ U CilazEsh 2 fil# 4 5.
6



%72, Cadherin & integrin (%, actin ‘B ZHIABEICERSE T 2T 1 —AR A b & LTHL
728, WFE LY actin BARIZITEXIED myosin (2L - THRAELZ S E%ZIF (Osmanagic-Myer
et al., 2015), & JJiTAMlL — M EEE 208 U CRiE T 2 Mila~ & 5o T 7 ek
fEDZEALZELS. 2o Z &, Mifla—FEEFEE & ile — Mg DM S 22 bS5
AR T UARE T v a s AW RO LD R R STV S (Rosowski
etal., 2015; Thorpe et al., 2017). —5 C, HIOMIETIE, MiadEEc X 2 MiaE K oERE
PEACE#EEN T2 28 bR TRy, MlENOAETFR R0 OB & L ITERRIC,

R 28 ) 28 AR A & B OB R E O W F IC B b E 5 2 Stk b R EN TV D

~

(Khatau et al., 2012). L2 L7223 5, FEZEME 7 TR0 G % 8 3 DA I X IE 1S HE
ThY, FEHSITFMAIN TR,
ZIE TOMNFEN D, Ml E AT U 7oAl — e 425 6 L ONfilla — SR E s
NI VRTENMAEL D &, ROGERENDLOBRMABEERE I EEZELZ N TE T
(Kimand Kino-oka, 2018). = Z T 1 ®& T, t b iPS 2 v =—NOHMaARILRED

ST 2RO MY T —%, an=—NOMILlEE DT 2 Vv CEfR L 7.



1.2 BRI

1.2.1 Mifds X UBER &M

b & iPS MIfEIXESZAFZERE R 1E N EHEAR - R - SRENZEDT JCRB Ml N> 7 92 B 45
7= (clone Tic, JCRB Number: JCRB1331). t bk iPS MfdDOMEREF 1L, Br R dr (R, 55
cm?, Corning Costar, Cambridge, MA, USA) H D~ A ~~A 2> C LB X 7= SNL 76/7 Hifa

(European Collection of Cell Cultures, Salisbury, UK), F7z13~ 7 AREHELEMAE (MEFs)
(ReproCELL Inc., Tokyo, Japan) @ 7 ¢ —# —J& T, 5ng/ml basic fibroblast growth factor %
& T ReproStem 151 (ReproCELL Inc.) % F T 37°C T 5% CO BRI N CTIT o 7-.

T4 —H—EX, 74— & —Hilg% 2.5%x10%cellslcm? (2725 K 51T 0.1% gelatin 2 = — h
L7-h2m EICHRAE L, 7% fetal bovine serum (FBS; Thermo Fisher Scientific, Waltham, MA,
USA) % & ¢¢ Dulbecco’s modified Eagle’s medium (Sigma-Aldrich, St. Louis, MO, USA) T 1
AMEEET 2 Z Lk v/ (Kimetal, 2014). b b iPS O D=, 0.1 mg/ml
collagenase IV, 0.25% trypsin, 20% KSR (4=C Thermo Fisher Scientific) 35 & T 0.1 mM CaCl,

(Nacalai Tesque, Kyoto, Japan) % & el C 1 0 A > F =2 X— hE, 7 40— —Hifg
iRz L. Kofba e =—%+¥ /L A7 L—,3— (Sumitomo Bakelite Co., Ltd., Osaka, Japan)
ZAWTHEEERS B L., B2 EERS EXy T 4 7 LIRS, 74— —filld

AT LW R AN S 7RI 2 FR A L7, 553 HOBT LR & AZia L7z,

122 A L5 S RAEE
74 —4X—J@LEice b iPS Ml AL, 4 [HORY L XfFE O WG RN HE

(Biostudio; Nikon engineering CO., Kanagawa, Japan) Z W\ T O a v =— 2822 LTz,



1.2.3 Racl inhibitor 33 & U8 activator M ¥#RIN
HR b A 2 B & 72 13EE 9 % 72D, Racl inhibitor (50 uM NSC23766; Calbiochem, Merck,
Darmstadt, Germany) = 7-1% Racl activator (15 pM HMG-1; Sigma-Aldrich) % 55 HiIzZ DR

WLz,

1.2.4 FEARER L= 0 =—F 4 XD ERMBENT

Fig. 1.1 OB XN ilE A HE O E 'L O FNEEZRT . B N iPS 22w =—NOfE %~ Ol d
WEEHFE 2R3 2 728, AR OAMfuAZ % Hoechst33342 (Thermo Fisher Scientific) % H
WT 30 ArfRBeE L, VERHRICHTCRES AN Z 72, Mo 2 A 2T 7 A%, 10 fF
DX Lo A& O fREATEERE (IN Cell Analyzer 2000; GE Healthcare, Buckinghamshire,
UK) & MW TERZE 48 B3] 6 6 IFfH], 30 /0 filliRst L7z, Z A L7 7 ARk bR %
feld, Hi#E 120 FFEICR W T, au =—WNIZEBIT 2 RBIREED L L 7= fllla o A %
I U7z, RbisE & e d e OB 2 BB b D720, WRIRBIER 21TV, 48 I
NG 54 WEIETOH A LT 7 AWiG A FIV T om = — 0B & Ja) FRHH o il e i 2 ok B %
AT L7=. ST (6.9 mm x 6.9 mm, 16 bit, 1.35 x 108 pixels/mm?) XL DONE = & O
HRAY 7 LT, T Zlidan =—Hubitis L OVE BRI E LTS 2 DD XESREIk

(ROIs; 150 um x 150 pym) M 51E7-. an=—OELIE X, HEEFEEO 2 0 =—4 5
MHREE Lz, MifalEE o &{bo=d, ROl WOAMEEOE.OMLE (xi,Yi) % Wi
figtt >~ 7 ~ =7 (ImageJ; National Institutes of Health, Bethesda, MD, USA) % HVCHIE L

7=. fE %2 O OFEARE VI, ZEOEOLED 6 R CTBEI L 7-BEESEH LT,



A. Multi-position capturing of bright field and nuclei staining images
Culture time, t (h)

0 24 48 72 96 120
i I i i
1 L 1 1
hiPSCs N Retrospective observation |
E Multi-position image Judgementof hiPSCcolonies
v v capturing in every 30 min with or without deviation from
o [ MEF Di for 6 h after nuclei staining the undifferentiated state
eeder cells L
Image analyzer with
10X objective lens

B. Analysis of cell migration rate at the central and peripheral regions of colonies

6.9 mm

Multi-position image Tilingimage ® Centroidof colony  Measurement of migration
capturing in culturevessel  (1.35 x10° pixels / mm?2, rate (V) of single cells from
16 bits) the displacement (D) of cell

nucleifor 6 h

Fig. 1.1 Procedure of data analyses for the migration rate of the cells at each region of interest
(ROI) in hiPSC colonies. (A) Multi-position capturing of bright field and nuclei staining
images. (B) Analysis of cell migration rate at the central and peripheral regions of

colonies.
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1.2.5 S st

S HOC A TR W Z FIRIZ LRI O L AR TH 5 (Kim et al,, 2010). fHERICHE <5
&, Ml E U iR AR A K (PBS; Sigma-Aldrich) TUEF L, 4%/ X7 RV AT VT &
K (Fujifilm Wako Pure Chemical Corporation, Osaka, Japan) % T2 T 10 s [ EE L 7-.
PBS Titi%, #fidz 0.5% Triton X-100 Z & ¢e PBS T 5 4y [HALEL L, PBS T 2 [BILA L

. HERERW I 2 R B R IE T D72, HillAE 7 v v 7 =—Z (Dainippon Sumitomo

Pharma Co. Ltd., Osaka, Japan) & 90 3fH=RIECA > FaX— kL, W\ T10% 7 1y /=
— A% 5T PBS CTHUIZRREEICATIR L 7 — kiR & 4°CIZT—pA o FaX— LT
PR & LTI, anti-Oct3/4 (Santa Cruz Biotechnology, Dallas, TX, USA), anti-E-cadherin (Cell
Signaling Technology Inc., Beverly, MA, USA), anti-paxillin (Millipore, Billerica, MA, USA), ¥
& O anti-laminA/C (Santa Cruz Biotechnology) $ti&% v 7z, K U RfEfE AR /K THe
#, Alexa Fluor 488-conjugated goat anti-mouse = 7= 13 Alexa Fluor 594-conjugated anti-rabbit IgG

(Thermo Fisher Scientific) & 1 FFfilA > Fa_X— 52 LI X 0 GZHE# L7=. F-actin
LA AR RZ 1L Alexa Fluor 594-conjugated phalloidin (Thermo Fisher Scientific) 5 X O 4°,6-
diamidino-2-phenylindole (Thermo Fisher Scientific) # MW\ CEhnEndgeta L7, 60 FE 721
100 fFORM L o X dExE U e S L — — B8 (Model FV-1000; Olympus, Tokyo,
Japan) B LN 10 fEDOx L o X & 455 U= BB fENTEEE (IN Cell Analyzer 2000) % FHvY,

358, 488, 5L U594 nm OE bk TEIL AT - 7.

126 EEERE
FNENOERSIMEICEBITAE FiPS an=—DET— X1, b7t 308,
LB OIS, 2 OO ERE VI, ROBIREN SO D a0 =—, M

an=—FNENS OO an == EHOREERE VX5 >0 22 =—0 ROIs
11



NOMIBOBEERE V DR Lz, ROOERENDHEBOF L an=—L i an=—
MOFBZEZFMT 5720, HatfEht & LT Student’s t-test & 721X Mann-Whitney U-test %

fER L7, AEKAEIIP<001 & L.

12



1.3 R

1.3.1 RATLAIREED B i3 2 HlRE o Re

T4 — AL OLEEEICBIT S R iPS an=—WNIZBWT, ROMBIREN DM
T OO FHEAFFE T D720 X A 5T T ABRETo7-. A& T D20, 74
— X = ORISR an =— 3K L, MianHEEENBIE I (Fig. 1.2).
g =—NTH L SR UM, EARBIIMINZ > TilEEL, ar=—NDO4R
HRICAFAET D MR 2 B D T o7z, SNL 7 ¢ —# —Hif & O R DA, K% 62
REEIC BV T, IERFORE e mn =— DI THIRI M ER 2> BN TR E I T,
D%, MR E, DNERBAERNDRE PR LTBR~ 2 L. A ZMiae
R DZEAY 2 79 M S X B PR R U, 5538 90 Bl Tl i Ol it &2 o m =
—nNEEENT (Fig. 1.2A). —J, MEF 7 ¢ — 4 —#ija & 0ILEEFROLGE, B2k 88 FEfH
Tan=—ilBM»HEMNT HHIIEAEIIL, B2 100 R CIE@BLAER A 3= M IZ IR R L
TW/z (Fig.1.2B). SNL 7 ¢ — & —fifd & O IR ICB W TCan =—HLETHAE LR
SHRARRE D & M U 72 M OAZIZ1E Oct3/4 3B L TH 6 ¥, [FERIZ, MEF 7 ¢ — & —##l
fa & DRI TCan =—FHE CRAE L RMEREN SR L -0 T

Oct3/4 BFH L T\ - 7= (Fig. 1.3).

13
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Bright field

Oct3/4

Fig. 1.3 Characterization of hiPSC colonies with deviated cells from the undifferentiated state in
cultures with SNL (A) and MEF (B) feeder cells. Yellow and red dotted lines indicate the
boundary between undifferentiated and deviated regions of an hiPSC colony.
Immunofluorescence staining for Oct3/4. Scale bars = 50 um. At the central region of
hiPSC colonies in culture with SNL feeder cells, deviated cells with elongated shape and
Oct3/4 (—) can be observed. At the peripheral region of hiPSC colonies in culture with
MEF feeder cells, deviated cells with elongated shape and Oct3/4 (—) can be observed.
Yellow and red dotted lines indicate the edge of the undifferentiated and deviated regions,
respectively.
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132 an=—KNORFIIREERD O IEML L 7 MR8 O R84 Bk & i E D BIFR
HREEE & D2 LD 2 1 = — N OREARAED B i U 7= MliE O F8 A iRk i 2 b &2 4 U S
HOME I MERETT A7, K% 3 HHB LU 4 HHEIZ, Racl activator % 7213 inhibitor
RIRINL, MG 2R F 7213 L7z, 6 A BIZBW T, ROMBIRFED el L 7= A
EHTHaa=—Zo0W T, ®HERO Y - T EIZaEL, T0HEEEEB L. B
2, &7 4 —F =R OWT 3 ML ED R 28538 21T WINEE L 72K bikRE
MO L7l E AT b ar=—0DF —4% (3047 =1 =—) Z M\ 7=. Raclactivator &
wnTse, 74— —HMROMEICEAD ST, 2o =—FHEICRiERE AT 528G
23 100% T - 7= (Fig. 1.4A, B). Racl inhibitor Z %92 &, SNL 7 ¢ — & —#llfin & ot
B Cldam =—FuEplc sk 2 A3 2%6 75 1000 TH Y, MEF 7 ¢ — & —fifja &
OHFEFRTH 2o =—FULECHRILTE 2 A 5 HIE 725 21.9%% 4 L Tuv/z (Fig. 1.4A,B).
£/, MElEEDOZEAE b iPS MORILRIED S DML S HICH S I L 5 D0
ED T 572, SNL BX T MEF 7 ¢ — & —fillfld & OHEEEIZ T TITREIR
B DM Lol e A9 5 an=—%, 5% 5 HH/5 10 H H £ T, Raclactivator 7=
(% inhibitor Z 5 HIAZHAD 7= NI L TRl ileE 2 R EE 7 IIE L7 & 24, 2 Eh,
JE B 3 721X D AR M BAIRBE D> B il L 7= MR 28 & 123 E L7z (Fig. 1.5) . L ED S,
B b iPS = m = —NOMILlEE DAL AR STAIREED D DO FMLS 2 M D FE LI K ORI

T DILRICEE L TV D LB B,
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100%
Non-addition 14 5% 7.49% Non-addition
100% 78.1%
Addition of Addition of Addition of Addition of
Rac1l inhibitor Rac1l activator Racl inhibitor Rac1l activator

Fig. 1.4 Occurrence of deviated cells from the undifferentiated state in cultures with SNL (A) and
MEF (B) feeder cells with exposure to Racl inhibitor (50 uM NSC23766) or activator
(15 uM HMG1). White area, deviation from the undifferentiated state at the central
region of colonies; Gray area, deviation from the undifferentiated state at the central and
peripheral regions of colonies; Black area, deviation from the undifferentiated state at the
peripheral region of colonies.
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1.33 ar=—RNB L2 r =—H % O OBEEREE O REHT

btk iPS @ m =—% AT DI DWEE & A RS EIRAE ) B3 2 BAMRMEZ B &
T D7D, H538 120 FFf £ T, HUDEE 72 I 3B B TR AR AR D S i L 7
faz a9 bapn=—L@l LMo Nan=—, ZAZTNO 5 SOan=—hbiEx
OFfEEREZESG L, X 7T A% E L7z (Fig.1.6). SNL 7 ¢ — & —ffifi & D St
FERIZBWT, ROMLIREED O BT 2 M0 ANy = 1 = — PN O MR 9 D 4347 1
HFODERTV=0-9um/h, JEAFEAERTV=3-13um/h TH-o7=. ZIITH L, ROMLIREND
Mg DN E 5 a2 =—Ti%, HOETIEV=0-7 um/h & X VRV EESEE 54 LT
W22y, JEPHERCIL V=2-13 um/h & @i S Mifa2 By 2 o =— L BT B s W
B ORI o T, —JF, MEF 7 4 — & —Hllg & O LRI T, Ro(LIRIED Sl 4
2 ARy 3 v = — N O E R B D3 AL, FLETC V=0-8 um/h, JEPHET V=0~
14um/h Th otz ZHUxt L, RoBIREN BT 2 N A 5 2 0 =—TiE, H.05
TIX V =0-10 pm/h E@EMT 2 /EN TN o 0 =— L R TH L REWIIA LN -
7By, JABHERTIX V = 0-20 um/h &3 L < @WIEEREIZ M BIRN > TWe, 2D X9

(Z, RBLSEBTIE, EEREOSMAIFER M THD T RS,
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FLL Bipo -l EREDRAELY, Ry 7 271 v b (Tukey, 1977; Krzywinski and Altman,
2014) ZHWTEBMI R L (Fig.1.7). 372bb, lx OfifaoilEtEdiEz, LITO 4
DIZETE SR (1) [25%fE — 1.5 x (75%fE — 25%f)]-25%fHE, (2) 25%fE -75%fE, (3) 75%
E—[75%fH + 1.5 x (7T5%fE — 25%(fi)], (4) #MUiE, 1T —T 33 L TRLTZ. T—2 0
B L TWDEGE, BEFELOEIZ/ T A MY » 772 Student’st-test ZfEH L, 7 — & 73
EBGAR TIER WAL, /> 737 A RV w7 72 Mann-Whitney U-test 2 H L 7-. 555 120
IRFfH] £ T2 SNL £ 721% MEF 7 ¢ — & —flild & OILRFR I W CR a2 )~ 7o 2
—TlE, fHx OMOFEEREX, £V =02-12.8 ym/h £721%V =0.1-13.1 um/h
OFPHTIRIAW DA 2R L=, SNL BE W MEF 7« — & —flila L 0B R EH 520
Th, O AR DA T E PRI T <, SR Ol H L Vv X HR L D 5 78

JBFES LD b A EBEICE» - 2.

5548 120 BE £ T SNL 7 ¢ — & — i & D 4523812 B W TR BARAE D & i 4~ 2
NaBSA > 7c 2w =—T, il # OMILOWEEREE LV =0.1-12.6 um/h THRIAW M 2R L,

HLLE S KX OVEBHE O Ol E R E 1T F N E N Vm=27 2 14 umh B X O Vu=76 + 2.3
um/h TH -7 (Fig. 1.7A). Zi &l LC, K52 120 FFfEl &£ TD MEF 7 ¢ — & —fllji &
DIEERITB WV TRMLIRRE N SR 2 IR o7 2 0 =—Tix, #x OflaoibEE
BTV =0.1-19.5 um/h S BRIV Fi & s L, SNL 7 ¢ — & —#ili & o Higag L [EkEIC,
oS & JE PR CAHEZEN B (Fig. 1.7B). SNL 7 ¢ — & —Hifn & o438 12 B0
THULEIZ AR EIRIED BRI 2 M3 H 5 2 7 =—TiL, 0.1-1.5 um/h OE V ED
Ml OEIEAEM L, —F5, MEF 7 4 —& —fifid & OHEEFE T THEAE IR0k TE
OGS AN A D 20 =—Ti%, 126 um/h LY &V VIEOHOE &SN EL, 7«
— A —HIRORIEIZ L D3 — v DFE PR SN, ZhOOfERMNG, B hiPS an=

—OHLLERE 72T PR TAROBIREED DR L7 fiffa o3 E1T, eh i, HiayEE<
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FATHESFEEL TWDHMIEAZ G ST IFEHSMEZNEL T 52 ERH LN T

SNL 7 ¢ — & —Hifd & D ILEEFR T IV THLLE TRIRE DR IR RED b DML F 2 =
0 =T, BEERED 0-25%EDHIHN RS, B EET L2HEM M LIZEI RS
7= (Fig. L.7A). L2 L, MEF 7 ¢ — & —ffifid & OILEZR 2B\ CEFE TRila o R bk
e D OB 5 2 m =—TlX, HEEHED 75-100%EDOFEPH A<, KV EFEET
LEFENRSNT (Fig.1.7B). MEF 7 — & —fffifld & O3 TlE, = v =—FHHIc
TRy 7 A7y FOE T LY EOERFET D2 &5, SNL 7 ¢ —& —illifld & D Iess
T L T, LOREREEREZATL2FENPHALLTH o7, LT 2O =
Ho— 2 RCRE LEBEZ A, @lid 2Midz a3 25 a0 =—WIgiilaEEonT /<
U—%Rg 2 ENTEONE I ARG Lz, BIEE, @&iTs/Maofian =—|ZF
VT B ERE R E 53 AT D 25%33 KON T5%fE & iEFE L7z, SNL 7 o« — & —ffild & o &Iz W
THBLT 2 HENA D 20 =—OHRLETIE, 25%fE L Y T OlEEEEDOE G2, B
LA =—CBIT5FE XY 1952 -7 (Fig.1.7A). MEF 7  — & —#flifa
& DIEERITHB W THBLT 2/MaR 2 2 v =— O TIE, 75%E & 0 b ol EHE
DOENED, HPT LM N BN =—CBIT52FE& LY 1.8 Gmr->7- (Fig. 1.7B). Z
DX, B"BTIMENEL a0 =—TET /)~ U —DOFENIHER S, £, HLES
EJEPHE DM, BELSNL & MEF 7 ¢ — & —ifiificl & 0> 35538 0 ] CliE il EE oD Hh A
BEENH-T-.

MR BT & LT, Fig. 1.7 OF — X %, Ba& 48 B O EBHAARF O iPS =2 1o =—
A Rk D2 OMIROWEEERE 2 RT Ry 7 A7 vy MIFEEZey hLE LT & Z
5, an=—tA X &l 2 ORIL ORI IZBRMEDN & > 72 (Fig. 1.8) . K538 120 KFfH]
FTO SNL BLOMEF 7 ¢ — & —Hiifi & ORI TR 2N - an =—

BB W, ag=—W A XD EH L EHIClEEEREDO T RED FHNR ST,
22



—J7, SNL 7 ¢ — & —ffifd & O BRI TR T 2/ n A o7z 2o =—7TiF, H.O0Ho
VB DR, T A HIME L Do =—DRA L LT, au=—mEIcKk
FEFIRWE 9 Th-o72 (Fig. 1.8A). LAvL, MEF 7 ¢ — & — il & D B2 T4
DB > 7o 2 m = — JE B 0D 387 76 5 D H LA ICERLTRBY, ar=—(hfH
021 mm?® V=49 +19 um/h 75 0.80 mm? D V = 11.6 + 3.5 um/h & 55 EHE O FgefEis E

HLTwz (Fig. 1.8B). SNL 3 LN MEF 7 ¢ — & —#fil & D 23812 B\ Tl 9~ % #l
fa3F o lza v =—HOEE 72T A OFEEREN D, fEx OMAES XV /NS WEZIT
EOREVEZE & DT WA RSN, FRIZ, SNL 7 ¢ — & —Hilfd & D& TlE, it
g DM -7 a v =—HULE D 0-25%fIE D FIPHIX, 75-100%(E O FIPH LV & 3D >
7= (Fig.1.8A). —J7, MEF 7 4 — & —#ifg & OIEEE T, #il+ 2N -o/-an=
— JE PHER DA D 75-100% I DOFPH I, 0-25%fEDO#iPH & v K2~ 7- (Fig.1.8B). EH T
NEZ L, ap=—Y A XDOIRE & BT mEHIIIRA I RE L kol FFIZ, MEF
74— —illa L OEEETIE, v = — P O Mg A R O RIE I BV THMUE D
HY, 7~V —lZlFEEL TWAMIZ LY mOWEERHEICEL LD T 2EHmNH 55

ZoRE LTz,
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Fig. 1.8 Correlation between migration rates of single cells and areas of hiPSC colonies with or

without deviation from the undifferentiated state in cultures with SNL (A) and MEF (B)
feeder cells by t = 120 h. Open squares, without deviation; closed squares, with deviation.
Cross marks indicate average values. Box-and-whiskers plots of migration rates of single
cells at the central and peripheral regions of hiPSC colonies. For each box, the central
bar is the median, the edges are the 25th and 75th percentiles, and the whiskers extend to
the most extreme data points (not including outliers). Outliers are values outside of the
range; [25th percentile — 1.5 x (75th percentile — 25th percentile)] — [75th percentile +
1.5 x (75th percentile — 25th percentile)].
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1.3.4 #ifka— ks & Uik — BB B8 O /7E
SNL B3 KT MEF 7 ¢ — & —flifld & OIFEFRIZ T, ML ARITIRRED B b9~ 5 %
W2 LN D720, Ml —MlafMEE ICBb % 2 /37 E Th % E-cadherin, B LW
e — BREMEEE b D 2 R T D paxillin O dot et Z, B 72 KR
WTAT > 72, F-actin 38 X OO ZERIF 2 #5725, SNL £721% MEF 7 ¢ —&# —iffifld & D
IR IZBWTC, an=—FEE 2 1ZHLEs o R bRia o TESR I & LM H - T,
F-actin OFBHINEF TH D Z EWnEnT- (Fig. 1.9). Ro(bfaIL, @

, THm — LD

Rl
§'IE

FRPEDFESMEIZ K-> TG ZHERF T 5. LinL, 74— —fMlROFEEIC L~ Tan=—
JEIPRHER £ 7213 DR F-actin 38 K OEED 3 AICFH LVEWABIZE S, SNL 7 o — X —
MG & DOHIEFE TIE, 22w =—FULERISALE S 2 M o0 B S T F-actin DD 238 & 7)»
T Y (Fig. 1.9Db, Eb), H.LEB DA 2B E R W & o> THRENOEE Tz, — 7,
MEF 7 .t — & —#ijg & OILEEFE T, 2o =—tubiis KOEBEEOMO &5 520
Th, THEHAE KON F-actin O JRTENBIE S 7= (Fig. 1.9Kb, Lb) .

%7z, E-cadherin & paxillin O E Y EOFER NG, T O ONLE KT 7%
B RS 7z, E-cadherin MBI, = =—duEs & JE PSS ORI T IR > T
7z. SNL 7 ¢ — & —#ild & OIEFHR TIX, 2r=—H.0E TEE 7 E-cadherin DI HLA F,
bIlzdIZk L (Fig. 1.9Ba, Ca), MEF 7 ¢ —# —fifal & D ILHE3E Tlx, E-cadherin 282 &
=—JEFHER 55 < FEE KIS EL L T2 (Fig. 1.91a,Ja). SNL 33 X TOYMEF 7 ¢ — & —
oo & DILEERIZ RIS D an =—HAFEEOMIN TIX, BEER X /X7 B Th 5 paxillin 23HE
PEAAH L7 Factin i & L THIHI TS actin A LA T 7 A N—OD gl sURIZRTE L
Tz (Fig. 1.10Gb,Nb). HfiZ, MEF 7 4 — & —iffifid & OB ICHB W T 2 1 =— & FHE
DI OMAL DO FEIRANZ T A VAT ¢ 7 & paxillin %< OSAROYENFA S, a0 =—

DA GGOFMIEEE D L 0 I D #3217 ed WEE X b7z (Fig. 1.10Nb) .
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SNL feeder cells MEF feeder cells
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Fig. 1.9 Localization of E-cadherin associated with actin cytoskeleton in hiPSC colonies in
cultures with SNL (A-G) and MEF (H-N) feeder cells at t = 72 h. Confocal fluorescence
images of E-cadherin (green), F-actin (red), and nuclei (blue) show top-down views of
3D-reconstruction (XYZ planes) and 2D optical cross-sectioning (XZ planes). Panels are
magnified in images of the top-down view (Ba—Ga and la—Na) with a cross-sectional side
view (Bb—Gb and 1b—NDb). The yellow lines in the top-down views indicate the location
of the cross-sectional side view. The asterisks show feeder cells. Scale bars = 40 um.
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Fig. 1.10 Focal adhesion formation associated with actin cytoskeleton in hiPSC colonies in
cultures with SNL (A-G) and MEF (H-N) feeder cells at t = 72 h. Confocal fluorescence
images of paxillin (green), F-actin (red), and nuclei (blue) show top-down views of 3D-
reconstruction (XYZ planes) and 2D optical cross-sectioning (XY and XZ planes). Panels
are magnified in images of a cross-sectional side view in XZ (Ba—Ga and la—Na) or XY
planes (Bb—Gb and 1b—Nb). The yellow lines indicate the location of the cross-sectional
side view. The asterisks show feeder cells. Scale bars = 40 um.
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1.35 MRBE~DHFHIR P LRAICEDL LT I T DORILE

I A~D I FA N L ADOEROF AR T 5720, BEREo 7 0 EE ik
%53 Td D laminAIC TENRBDIL TSN E I ERFI L7, SNL 7 0 — & —flila s ®
LR CTlEa v =—FOE ORI EFER LY /NS < OB Th o727, MEF 7 1 —
Z—ififa & DIEEFE Tlda v = —HHEOMIII T LI L D HEEICI D REEL R
REZH LT =, LaminA/C ZEFO/IIIE, SNL 7 ¢ — & —flifin & oLEE# ks W Cidanm
=—OHLNBIZRFE L7722 (Fig. 1.11A), MEF 7 « — & —#fild & o E5F ICB W Cidam
=— ORIz < J{EL TV (Fig. 1.11D) . K226, laminA/C 1%, SNL 7 ¢ —
il & D IEEFE T LER oML D L JEREE O P T, MEF 7 ¢ — 2 —fifld & D3k
B Cld = v =—HE O KR E <o Ml Oz T, ok 4 - Tz (Fig. 1.11Bb,
Fb). 245 DFERD G, MO RFLIRIEN S OB AL 5 5 2 r =—HNOFEK TIX

AR ELHEIC I A TE Y, laminAIC BEZICERE L TWA Z EDXRE LT,
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SNL feeder cells MEF feeder cells

- Raijsiced
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Central region Peripheral region  Central region Perlpheral region

Fig. 1.11 Localization of laminA/C in hiPSC colonies in cultures with SNL (A-C) and MEF (D—
F) feeder cells at t = 72 h. Confocal fluorescence images of laminA/C (green) and nuclei
(red) show top-down views of 3D-reconstruction (XYZ planes) and 2D optical cross-
sectioning (XZ planes) in hiPSC colonies. Panels are magnified in images of the top-
down view (Ba, Ca, Ea, and Fa) with a cross-sectional side view (Bb, Cb, Eb, and Fb).
The yellow lines in top-down views indicate the location of the cross-sectional side view.

The asterisks show feeder cells. Scale bars =20 um.
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14 BE

INET, ZOMRICENTE B IPS MildD /b A 5] & 2§ BARA 22 Bk 2 et &
TNy, BT ot b iPS Ml RoLIREED BT 2 ~ U T —IZ O\ TOMFFEIE
ey 7e . & N PS Mifld & T 0 — X — Ml OIEREE TIX, 7 o — X — Ml OFfEEHIC &
o> T, ROCIKEED BB L 7Z M2 U % 2 o =—NOEICE VBB S NS . AW
ZelE, TOEENE kb iPS MlOMILEEROEWVC LV SIERI SIS Z L ERLT.
SNL 7 ¢ — & —filifa & o Hpi3e TlE, Sz A+ 52w =—oFLEIZEB W T, Mg
DELEPHET I ONE OFEBWENE TP LA ER > TEY, a2 =—HLEHoOH
RADSE BN E N G o| s Z s ivlz (Fig. L.2A) .« Ziub OffifalE, Kx<
LR L7z 2 m = — T/ S Bk oM 2 H R & < i Lok ofifa~ & 2L
FRMEIRRE N B L TRV, ®AERIIE D% bIER L. — 5T, MEF 7 1 — & —l
fa L LR L am =— (2B 1T DMl DO RMIREED b ORLIE, = m=—FFHH TOR
AR B K OSMAl~ DA & B LTz, 2D OFIRE, B HEA TS EHE
REA MR L CWe (Fig. 1.2B) . MEF 7 ¢ — & —fllfa & 0 ILEER To b | iPS Al il E
RED EF1E, =m =—[EPHE oM —Miaf s 2T S, Ml L0 EEEO&EmWE
BRZEETHZ LA RBEL TWD B2 b, ®lifilaz A L2 e =—NolEER
FE O S IR AT~ &, BB EEE T, SBHIANEAE L T2y viESk & bl U O il
EOT 7~V —nHoii (Fig. 1.7) . 2w =—EHEHE 72 i3FOE o fERIZ BV T
(X, xR IR & T, MilaoBEERER, ZnEih, FLLESWERLIZE
S, ZRHDORERIZE ST, b b iPS = m = — UL 7213 E P TR Rk e
PSS D HE OFRAE S, o n = — R o oA MR & FEE L oBEF DT
ADBHBAIILDOFEA L RS B> T\ Z E RIS L.

7 4 —X—J@ LDt b~ iPS Ml ARICIRAED & it T 2 BSR DB EE S W TG D
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a4 Fig. 1.12 (2R L=, T74b5, ()b hiPS au=—RNOMEED 7T /< U —)
AR — AR 3 KL Ol — EMBEE DT VR T VA EEL, (QZ DT N7 U ADSRER
& LT laminA/C 2% L TRMBIRRED D OB A E <, LWV ) RE A L T, Ml
W OZIL, B OB 5 cadherin & integrin DN ARFEE 250 B % M IE T,
ARG L TR LIEZTO laminA/C DOFFEIE, % TO laminAIC 23 ZREMERR[IE TI35E8L L 72
WA EE EBICRBT D E VWIS ETORE L LT\ 2% (lhalainen et al., 2015; Heo
etal., 2016; Underwood etal., 2017) . £ZONHI~D J)FHIRIRDIRE & ZITFHT S ok
DL, WEEREDEACITKAF L, ZORER, EENE ITHENICB IR i85 2 i
T5. ZOBTOERIE, Mgk, Mlidass—IE, MidEs— B, Fomk
AL TRAET DA ML ABIOENORATOER 2T 5 & PS5 (Wangetal.,
2009) . ZO & HIZ, BEEMOD actin BRI K S actin EhR&IE, ARl TICBIZ S D K
IO EMEOHIBENEE G- L, S5I12, ZuavTF U liED X5 e bHlET 5 &
HEHITX % (Meshorer et al., 2006; Thorpe and Lee, 2017; Underwood et al., 2017) . 7 v~
CEIEAIE, BRI L £ ORLE, Bin IR W R ORBZETEREIZ & o THEE R A
Ty THY, MIAOTIRGIF M 2B OREIKR T & L TEZETH S (Guenther et al.,
2010; Akanumaetal., 2016) . L7-23-> T, MfuZ@ENCBEET 27/ ~ U —2G@iedliniles
W, A — MR R B d KOl — BRI BEAE L B> % actin E A% 2l U CRZJE RIS
laminAIC BNEREL, ZNICE D ~Trra~vF r~EBITT 5 2 & Clllans Ko bikiE

LT 5 Z LRSI D (Francis et al., 2011; Gaspar-Maia et al., 2011; Versaevel et al.,

2014) .
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ERHAC 72 VTR E ORI RINZ /b L T <MW C, Mg, B OE RS
DY H—=E LTOEHNE DT TR, MROZHEEEROT-ODOEE L D, £
TR Y, R ORE P, ZERIM7 R, R R D 3 Db T
Y —{Z451F 9 5 (Goughetal., 2017) . 155&H OFMAREER N O RFZE Y 72 258 O BFSEI
ST, ZFEHO@E OEETN L, 558 OMEMRE 28 L 4 2 HiENE
A INTND. @R 21T 5 R —REM O L RE LTI kk &2 RF5E0T — &
EBEETLHE, MREFTHOARY 2R T 2L OREEFTT 2 2 &R HEKD
(Altschuler et al., 2010) . #lx1E, FEFOHERS/HMEORRORLE —MEND, filx
DOFASLDTLARLZEE A, a1 =—IBRIZHIT 2206 OMFERZ2BRIC L > TRESNLD
TEWIREND. MR N T X TS IR T — 2 RGO ND D, T — AT
NEETH D720, b D2 W TEEERERICRIT MR 21 50\ Lz
W 1Z 720y (Debeir et al., 2005; Li et al., 2008; Dzyubachyk et al., 2010; Lu etal., 2017) . L
UG, Hif N T v ZNTIE, Hx OMBOAMEDOZEL) LR T — 2 & b7z
bL, a=—KNORLDHEBOEFEHMICKIST DM >N HEE 525
(Miyashitaetal.,2017) . 573 ORILEIZ BT, il 4 ORIFEREIZIESH 5 FRE DE WD

(CHFEL TV D28, Ml ek & L ToZRm)i3E~« ofild0zsdi 22 < £ L THRV.
IO XD el ENE, B I OEIToBTERN SN ZRMEE L TEBEI DN,
EWFERNCERO & B IFERITK DN TWD. ©2F 0, MIEROVEW e 7 F v Ot
T, BBROH MR DEIRTH 256, 0 OZEECEREL, ZoOMMmoZ < Ol
X o TRkSND, FFHEESNTLES.

AN, MilalEE OB EE, BEEPICB T 54Ot N iPS MlEONL ERITH 722
b2 BRS D70 DA M FEE LTHEYD, b &IPS MifusisE 7 ot X DR & iREHT

AMREREG A D T EPMAES Lz, B b iPS MIaAEE 2 PSR BIRIED & i 4~ %
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NUB—%BfFGT 5720, 2o R_T AN v Ve RERME ) EEMICERE Y T, —i%
M2, Student’s t-test |ZEE DO FIIEOMRETH VY, Mann-Whitney U test [T o Hdufif &
VO3 EFRH DR GE & A 72 3TV 5 (Hart, 2001) . =2 v =—Huli & 72 1 3B P R oMb
REED> B i3 5 MU OB B LI XIERMEI A L THZRWDT, SR T A Y v 77
fRiE & L C Mann-Whitney U test ZfEH L, #EtHIAEEZERT 2 B 24T 572, Hx D
MR D WE R BE D AT 226, = w = —JE PHES S 723080 TR < E 7213 < lEE T
Hiffifd (ZhZd, 5L Y b, E721X25%H L0 T) AHBT28E, & FiPSar=
—WNTRIREED Bl L 7o Il AMB R 35 2 L AiE s vz (Fig. 1.7) . il % offiif
EEDOREND, & b iPS MIFRORIMIREED D OBM, =2 v =—NOMfabEED T /
<V — LB LTV DZ EEfEmSIT D 2 ENTE, MIREEDEVD S RLIRED D
W U 7o MR O F AR A R E T D ATREME VR S e, MilalEED T 2~ U —DOfER E L
Tt bk iPS MO RICIREED & ORBAMBEFERNTIEET D Z L300, BEEREI,
R ORGCIRIEDN ST D N T —FRARDTeDDEMRNT A= —L720 5D
LR EINT.. TRHOFER, MREE) Z W ClllaNBERE 2 FHIE T 5 2 & & FEe

ZL, SOROHMIEDRREICTHFLG T HAREMEEZ D TV 5.
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1.5 /N

1 = —HULERTRIMIRTE ) b i3 D 852 5 T T, e RER Z 3N+ 2% &,
RoTEIRED Bl L7zl s = v =— P CRAE L. £72, an=—HH TRy
{LIRBED DT DS T CIk, BEEAFAEZIRMT 5 &, RoRED SR L 7=
MRS = e =— LTI A LT,

1 = —FLDHECRMIR BB DM T 2 R A F T, = v =—NOMILEE O
Fraefnsg &, FunEs Cidmm B OMldEE L b OMIER DB b o7 2 Enb, 7/~
U —ToMiflE N D 2 LNy oTe. ED%, v =—fubiE, Ml - RE MBS &
Ko TRWMIBEEATEY, 61T, 7 ITOEBNL TR ML AEZERH LT
I CH D EAVRIES LT,

B = — & P CARIMIREED DML T D RER A T T, = v =— N O IEE Ofif
FraeMung &, JEEE CIEMmm O VEEOMR o722 &0nh, 7/~ U — 7l
ENDDZ L gyinote. X0k, v =—EENT, ML — MR 2 ko T A
—EEALTEY, 51T, BT ITORBNSNFHNA ML AEZEFR LLEEKTHDLZ L
MR ST

LLED D, an=—NOMIEEDO R —MIE, ROIRIED S ML L 7o fiin 2 58 4E &

HEOMERFMETHL Z LIRS NI,
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E2E ROMIRIED O HRE L7 Mk D F84ERS 1
2.1 &5

ES M= iPS Mifid 72 & DL RetEm i, BRI KO TEICHICKRED b Rk 2 47
M3 2T~ 125 2% (Hussein et al., 2011; Robinton et al., 2012; Serra et al., 2012; Kimbrel
et al., 2015). JRILZRFIHIC L EE el & 2 i3 5 72 0121E, R Z AL IR TE
HDEELTIERV AT LEMNLT HZ ERRODLNDDN, EO XD 2B iNIRIEMANL S
TELT, b b iPS MROENISH~OEIT Lo TS, 2 b ORIADZ /3 biae &
F LA BREET 2120F, MRS iER JOHIEICHE R R T2t d 2 7 1 —4#
—fiE, HOWEEBTFRea Ty, T4 T ux s F ool S s S E Ry
DXFFNMETH S (Sahaetal., 2007; Burdick et al., 2009; Lund et al., 2009; Lutolf et al., 2009;
Pan et al., 2010; Baker et al., 2012; Jozefczuk et al., 2012) . —#xfy7et528 HiBIZB W T,
N iPS ML OEEE N H3IZBE SN T D H OO, HIfOBEHE & W OMERFII /0 ITRET
PATON TN D SITF W EE . 55, USSR TIIRDIRIED & I L 7o Mifia 234 © T
HHEL T < e, am=—HNokt |k iPS filflaid B ElEE & Lok etk 4 12k > T
<. Lo, RERHZTnERIZBWTE b iPS MlaoRMMEKREE Fifid 2 FIED
WESZDRFIZL TN D

bk iPS Al O METEI, Hid— a3 KOSl — BB TRAT S gEi 0N
AT LT % (Kim and Kino-oka, 2015; Kim and Kino-oka, 2018) . HifaZ¢®h23 & & 9
(AR RE I B A B 2 D0y, Ml I K DMl BB OHIEIZ L Eo X izeiiao
AR L MEERIEL S 50y, IZOVWTORANREL OIFFETREN TS (Soncin et
al., 2009; Tamiya et al., 2010; Kim et al., 2012; Li et al., 2012; Nampe and Tsutsui, 2013; Kim and
Kino-oka, 2014b). FfiZ, =m=—0kI%, actin ‘B & ML — a5 f L OVl —

BEMEEEOMAEERIC K > THECDAEERNFIEAFZT D Z ERHEINTWSD (Kimetal,
37



2012; Akiyama et al., 2017; Narvaetal., 2017). #&%, actin‘B#x v U —7, B LAY
W72 > 7 F LV OFEA T, RN TOHOREZEBICHEL, 7T IUBRED A r— K72
B QN HE R E A IR E A AR ARSI ET T 2855 A X 2 #1792  (Maruthamuthu et al.,
2010; Kim et al., 2105a) . fxilt, 7« —4# —fifdL & M iPS MldOILRERIC LY an =—(Z

BT DM — MR EEE 2 B LS E 5 2 & T, MldEMRE 2 FHISHIE 5 FIEOB %

Vi

DR BTV S (Kim et al., 2012; Kim and Kino-oka, 2014b; Kim and Kino-oka, 2014c). 1%
#BH, ar=— T RAICKRELS Lo TS K VBB E s TRIBL 20, am=—N
TT AR P—=V APRAUTRIS, M3/ S 2filan b RE CELfa~E 2T 5. 2
NOOFEEBEBIETHZ L0, B N IiPS v =—0OH.0E TRIBS AR LR EED & i
LM BRT DI OBEERFERZRAICEATIND. v =—HNOMIE — Hlfd
&, Mle—EEREEE, MialEE o 3 SOMazER ORI, Kokt kiPS
JaZHERF T D72 DICRETH D LWV I BEZD, EEROMEICEL > TIHRFINTWS (Kim
and Kino-oka, 2015; Kim and Kino-oka, 2018) .

AR, MRZEE RS E FIEORBICEETHD Z L3> Tnd. & b iPS #Hillg
T D72 01T, ROMGIRIED ST 2 Mla DI L2 Piik+ 2, F7zid@bi L7
fZBRET DM D D lr, NV U X AWBRO~~ 7 /VF =2 (HA) &9 E-cadherin
FHEAZfES Z & T, B M IiPS am=—HNO®ENMIZ EBIRIZRETE D Z RSN
7z (Kimetal., 2017a; Kimetal., 2017b) . HA 1%, F3HRBEOREICHES L CHRIIRINIZERDY
ANEI, EORITHIBRREIBRIC A X4 C E-cadherin [ZEEEE ST 5. HAIE, E-cadherin %
I U7l — e 2 B E LIS 5 = & T L REREERE 2 (X~ &8 2% (Fujinaga et al.,
1997; Fujinaga et al., 2000; Matsumura et al., 2008; Jin et al., 2009; Sugawara and Fujinaga, 2010;

Sugawara et al., 2010; Baum et al., 2011; Lee et al., 2014; Sugawara et al., 2014). t K iPS =&

=—NORPCIRRED S L 72 fild 2 HA 2NBIRAYICFRET 5182V T, E-cadherin
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A LT Al — R s S — R RREE T 5. HA IRINC X ¥ E-cadherin O#E4 23 X
Nzt MiPSHldd 2w =—NTiE, MiflasRoiREECTHIVL Rapl ZJr L7ZIED 7 1 —
o3 7 EEREIZ LV E-cadherin Z BT 2N ZHA TRV, ks L TORGEMILD
Hdan=—NIFEENDZ L LD (Kimetal, 2017b). 2D KL 572 HA ORRIL, E-
cadherin |2 X 2 flifatEss D FREEIC X U RIREED & @il U 7 MIfu 23 IRAIIC R E S v D
EWVIOHIRE BBET D, £, HAIZ K DMIaBE ORI, ROBIREED bR L 724
RIDBRIRIBRE D H 72 7, an=—WNIZB T 280 L7 OR AR IEIZ RN H D
ETREN, TOLIRMPEERASLHITTH I L1E, MREE OB R b EaOEG %
BIET DEEREIE OBRRIC SN 5. £ 2C, 2 =TI, W OMFEIZE b iPS M
DARMCIREZ MR Lok THIH S B R FIE NI T 5720, HA Z VT | iPS i
e DR — MR G 2R S 5 2 & TRIMBIREED b il L 7o Ml D J A 2 Bk T =

D M RRE L7z,
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2.2 EBHFIE

2.2.1 MikaI X OB L
b & iPS MfEIXESAAFFER T E N RS - R - SREMFFEFT JCRB Ml N 7 v B HL
#+ L 7= (clone Tic, JCRB Number: JCRB1331). ~ 1 h~ L > C #LEE X1 7= SNL 76/7 Hllf
(European Collection of Cell Cultures, Salisbury, UK) & 3:£%% L, 5 ng/ml basic fibroblast growth
factor % & ¢» ReproStem 55 #1 (ReproCELL Inc., Tokyo, Japan) % FVCRIMBIRIE 2 HERE L
7o MIREIES B Z &AM L, 130 EFHAsH L7z,

T4—A—j@L LT, 01% BT7F L Ca— b LEHEERICYA h~vA vy CABIh
7= SNL 76/7 ffifid % 2.5 x 10* cells/cm? C#EFE L, 7% fetal bovine serum (FBS; Thermo Fisher
Scientific, Waltham, MA, USA) % & e Dulbecco’s modified Eagle’s medium (Sigma-Aldrich, St.
Louis, MO, USA) T 1 HH}&E L7,

b K iPS fifE O D72, 0.1 mg/ml collagenase 1V, 0.25% trypsin, 20% KSR (4= Thermo
Fisher Scientific) 35 7"0.1mM CaCl, (Nacalai Tesque, Kyoto, Japan) % & Te ik T 1 47
A FaX—bL72H, 74 —F—HlEZRELE., Kofbae=—%2E1L A7 L —/3—

(Sumitomo Bakelite Co., Ltd., Osaka, Japan) Z H W TEHEIRS FUL L7z, /S8R0
TH0, Rofban=—OEREELIEXy T4 7L, 74—F—fldzated

L WERR A4 I CRERE U7, B3 PO LWL B 0 B 2 7z,

2.2.2 HA OFIN
VLRI O SO G0k S =T (Sugawaraetal., 2014) % W THERER 72 HA DOBEA 1K A 1%
L7, HABEREIZS5 B X500 nM & L. SNL 7« — & —Hifax Tt b iPS fllfu %

48 WEEE2E L, HA Z3RIIL7-. HA BN0 6 24 W14, WHE ORI ASH LS 218 T HA
40



EBREL, € NIPS = m = —NORSLAIIE OS2~ 7.

223 MNFA LT STRABIE

AR FEEY ORI S o MR E & (CellTracker™ Green; Thermo Fisher Scientific)
THEZ Y L, X A b7 7 ASLE S L —F —EBAFAREE (FV-10i; Olympus, Tokyo, Japan)
ZHWE N iPS o n =—NOMaOBE) X 2808 L7-. S0t &4 488 nm & L, 60 fi%
XL X T 45 3SR 2 B L. =21 = — N OfE 2 ORifE oo B G AL |2 | X8

ALY 7 v =7 (Imaris; Bitplane AG, Zurich, Switzerland) % Fv 7.

224 HEEEER L an =—KOEBAEN
bk iPS v =—NOfll x DML DL AR 2 795 720, ML 2 Ao R & T
Hoechst 33342 (Thermo Fisher Scientific) Z VT 30 Jy 4 U7, Gufa U 7o 2 Peid L,
Bz iati 2 A 7=, ML D 5 A 5T 7 A Wig 2 10 5 DOxH L o X & O Big R 8
(IN Cell Analyzer 2000; GE Healthcare, Buckinghamshire, UK) % HTEqE 45 WFfi] £ 721X
48 IR 7~ B 3 ], 30 /3 fElCiikss L7z, K528 120 Bl T o m =— 2R b OMIla T
B SV TW D a2l L7, =m =— Rl Ei & JE PR o M e 2 i BE D g T D 72 D1z,
JCH (6.9 mm x 6.9 mm, 16 bit, 1.35 x 10° pixels/mm?) Z @& D ¥ A U > 72 L » THET=.
F—HZEan =—LERE K OVEHERICE LT 2 S OxF8 58Ik (ROIS; 150 um x 150 um)
MHAR. an=—OBEMIEDT, PFIHEBEGO 30 =S 0 O5E L. MifailEER
FEDEEALDTZ, ROINOEMIEEDOEONLE (xi,y) ZBi{gEYT Y 7 b v =7 (Image);
National Institutes of Health, Bethesda, MD, USA) % FWCTHIE L7z, il % O o> ifE A8
Vi, BoOELOAED 3R CBE LR L. JU X AIERLZE SOE

M iPS = r =— Ll K OEPHEE NS T DI DR V 2> 5 FEE Vv
41



BEOHRAE Vi ZFHE L, HA IRINOFHE TR L7z, HE S clEEREDT — 4 %,
[25%fE — 1.5 x (75%ffi — 25%f)]- 25%f, 25%(fE-75%(fi, 75%fE-[75%fE + 1.5 x (75%fH
— 25%fH)], B LU VRIOETTZ V—"7"7310 L=,

v = — XA SN2 B ESWTHIE L7 (Kimetal., 2017a). 6 /L7 L
— b (B5E s : 9.5 cm?, Corning Costar, Cambridge, MA, USA) % Y, & 4&fFic>& 35
DRI DER AT -T2, a0 =— OB HG 2552 120 BRI TG L7z, sy (16
bit, 2.92 x 10° pixels/mm?) % 4 fE D% L o Xt & O EEAFATIEE  (IN Cell Analyzer 2000;
GE Healthcare) ZHWTHEAG L2, ZUEREZICE > THE Y = VRIEROEBRZTSG L, £
DAY T E W THEIC L0 REIREED &M L 7= Mk G 5 2w =— & fi
L7c. ap=—HB8I0RMban =—¥%KD, 2an=—ZxdTsrR0Mban=—o

FlaezRH L.

2.2.5 SEEOEGE

Mz U o EeiRmE A E A K (PBS; Sigma-Aldrich) TYEEL, 4%/ X7 KRV AT VT B R

(Fujifilm Wako Pure Chemical Corporation, Osaka, Japan) % VN CE=EC 10 0MEE L7-.
PBS Tl & HEd 1%, 0.5% Triton X-100 & & ¢e PBS T 5 43 fHIALEL L, PBS T 2[RIV L 72.
% 7 v > 7 =— A (Dainippon Sumitomo Pharma Co. Ltd., Osaka, Japan) %\ T=JE T
0 A o F 2= D2 LI R IFRRIRZ N7 Bl L, 10%7 1y 7 T—
A% ETe PBS THEEICAHR L7z —kRPuiA L 4°C T—MiAf v FaX— L7z, —KHUAKIZ
IZ, anti-E-cadherin (Cell Signaling Technology Inc., Beverly, MA, USA), anti-paxillin (Millipore,
Billerica, MA, USA), anti-laminA/C (Santa Cruz Biotechnology), anti-PAX6 (Sigma-Aldrich),
anti-a-smooth muscle actin (a-SMA) (Abcam, Cambridge, UK), %7213 anti-SOX17 (Abcam)

P E W2, R Y ARRE AR K T U721, Alexa Fluor 488-conjugated goat anti-
42



mouse & 1 KA > F 2_X— 95 Z LIC K VB L7, Factin 38 L OMIRaZ O Y
21X, Fi1 <4, AlexaFluor 594-conjugated phalloidin  (Thermo Fisher Scientific) 35 JX T 4’,6-
diamidino-2-phenylindole (Thermo Fisher Scientific) %V 7. 60 {5DO*x¥ L > Xff & DIt
S L——FEM%EE (Model FV-1000; Olympus, Tokyo, Japan) 3 KON 10 0% L o RbF &
O E (IN Cell Analyzer 2000) % FV>, 358, 488, 35 LK 10594 nm DA EEhEIC T

BREITH 1.

2.2.6 r{LREDHRET
AR Z 0 HL L TR R A am T L, SMREE, HiRsE, NIRER~D L8 T
& % STEMiff trilineage differentiation kit (STEMCELL Technologies, Vancouver, Canada) %

WT 7 HRIEET 2 Z LI KV o bRED A EEZ R L 7-.

2.2.7 Quantitative polymerase chain reaction £

[ L 7= M2 5 > RNA OHLEE, cDNA OA R, 35K TN PCR 43#riE, BAATIZEE#H S
=71 ka3l - Tiro 7= (Kim and kino-oka, 2014a). RNeasy Mini Kit (Qiagen, Hilden,
Germany) 33 J OY TRIzol (Thermo Fisher Scientific) % FV T4 RNA % Bifft L 7=. SuperScript
Il Reverse Transcriptase kit (Thermo Fisher Scientific) % FH>T 1 mg ®4 RNA OWiis 5 K&
ZiTo72. 1uL @ cDNA %5 A7 25 uL O UG E & SYBR Premix EX Taq (Takara Bio Inc.,
Shiga, Japan) % F\>, 7300 Real Time PCR System (Applied Biosystems, Foster City, CA, USA)
|2 C quantitative polymerase chain reaction (q-PCR) % 40 %A 7 W4T o7, AW RERA 72
7T 4 ~—% Table. 2.1 (/R L. fRRURRGY O &2 REMRENOMAEL, 7—4 %

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) DFEHL L~ | HSUCREEHE(L L 7=,
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4T D PCR EY) Z ARHR DT L > TF = v 7 L, BEOEY F 1IN IER R ED DR

REME & HEBR L 72

Table 2.1 Polymerase chain reaction primers used in this study.

) s A Size Temperature Reference
Gene Primer sequence (5°-3°) (base pairs) °C)
Forward: Lengerke et
Octa AGCAAAACCCGGAGGAGT 114 60 al., 2011
Reverse:
CCACATCGGCCTGTGTATATC
Forward: Li et al.,
TGATTTGTGGGCCTGAAGAAAA 2010a
Nanog 60 60
Reverse:
GAGGCATCTCAGCAGAAGACA
Forward: Kim et al.,
SOX? TGGCGAACCATCTCTGTGGT 11 60 2009
Reverse:
CCAACGGTGTCAACCTGCAT
Forward: Chowdhury et
GAPDH CAACGGATTTGGTCGTATTGG 139 60 al., 2012
Reverse:
GCCATGGGTGGAATCATATTG
228 AEERE

TNFNDOEBREHIZHOZ DR EL 3 OORLDEEZHEHL, B MIPS an=—(C

DOWTHIE L=, #EHENTIE, Student’s t-test & 721X Mann-Whitney U-test % fi F L 7-.

KUHEILIP<0.01 BLUP<0.05 & L7~
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2.3 FER

2.3.1HA # Wt b iPS MR DRk EE

HA OTF(E T C iPS M Z LBk L, Ml —fMiniEg offic Lo Car=—HNo
iPS RS R OMEIRREZ HEFF 32 2 E S HRED 2T L7 (Fig. 2.1). FIANORMb=m
=—DEEEFEH L, MRS T OEIG OB E R LTz, HAWINEE L OBA, ks
EHORSban =—DEIETREITHD L, 10/ (50 B) FEp2iE, Kofbae=—n
HHITHARIMA D OE:Z L bAEICE>T- (Fig. 21B). Zix, HA OFETTO
BEFRIEDS, ROMEIREE S L -4 FERIC kAT & b e KPS MilaoRs bk
BB CE 2R TETHLFELT T IT TS, £72, HA IRMOF EZNE DR
THiFE SIN- b b iPS Hifldz 10 k1R, ZREME~— 0 —BIn F ORI L~ % g-PCR %
HWTHIEL, & ORI RREL L~V 2t LTz, ZhRett~ — 7% — (Oct4, Nanog, SOX2)
DOFBLL~UE, HATINDOA > 12RO HF N EN- TR L0 b icEmsr-7- (Fig.
2.2). F7z, b biPS #flEAs 10 MR b ZMLREEZ A L TV D N E G+ 57, 350
FEREE (SMREE, TIREE, NIREE) ICOMEIFET DRERAM CIDICHE L, KR
v — B —ITxt L TR B AT o 72, HA OFF(E F TR, &b 85 CR# L7 iPS
fi, SMIRIE~— 7 —PAX6, TR~ ——a-SMA, NIEHE~—H —SOX17 N ENEhB
HTHo7m (Fig.2.3) .2 O OFERIE, M HARINT 2 Z L2k, M E MR i
DIKLTHEMEEEZ KD Z LD/ e PSS MO E/REEZ fREICT 52 L 2R L

7-.
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A Passage 1 (at 5 days) | Passage 10 (at 50 days)

Without
HA exposure

With
HA exposure

o

[EEN
|

O
©
T

Ratio of hiPSC colonies
o
]
|
|

with undifferentiated state (-)
o
(0]

10 20 30 40 50
Culture time (days)

©
o
o

Fig. 2.1 Culture of hiPSCs in an undifferentiated state by several passages including HA exposure.
hiPSCs were cultured with SNL feeder cells for 48 h and then added 5 nM HA to colonies.
After HA exposure for 24 h, HA was removed during the course of routine medium
changes. (A) Morphological properties of hiPSC colonies in dishes during serial-passage
cultures without and with HA exposure. Dotted circles indicate hiPSC colonies with
deviated cells from the undifferentiated state. Scale bars = 1 cm. (B) Ratio of hiPSC
colonies with undifferentiated state in cultures with several passages. Closed circles,
without HA exposure; open circles, with HA exposure. Data are given as mean and
standard deviation (n = 3). *P < 0.01, **P < 0.05 (Student’s t-test).
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Fig. 2.2 Analysis by gPCR analysis of three markers of undifferentiated stem cells (Oct4, Nanog,
and Sox2). Data are given as mean and standard deviation (n = 3). *P < 0.01 (Student’s
t-test).
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Without HA

With HA
exposure

exposure

. 2.3 Induction of directed differentiation of hiPSCs grown on SNL feeder layers using the

HA-mediated passaging paradigm. Immunofluorescence staining for three germ-cell-
layer markers [PAX6, ectoderm; a-SMA, mesoderm; and SOX17, endoderm] in cells
dispersed and transferred into a new dish for 7 days culture in various media. Scale bars

=50 pm.
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232 HABINZ & 5 2 v =—AOfE 4~ OffifalEE D&k

SNL 7 4 — & —#lifld & & k iPS Mifa D IEiZE Tlx, Rofbam =—23hx I ZHRL,
FS L 0 EICREE D 2 LITHEVRSBRIEEN SR Lz fila 2 A+ b an=—Ltie s, £
2T, HAR b7 bR a v =—NOMIROZFEEZE(L 2 BiET 5720, HARINA D
W5 ORI TENAE R SN can=—DF A LT S AFEEITo7-. HA I L D5
E T, Koz =—TManAB LOEEPHAGD SN TILRL T o7z. an=
— LR CIE, AEE LR LN B A TW R, HATRINAE D OE CTIX, ae=—
WNOMARE 08B E < T THEBIRIZIEA T Y (Fig. 2.4a, ¢), FFZav=—]FFH
EBOMRRIT F LR DML & bhig U ClEEMER R <, HA BINZ X o THEBEE OMALAS L v

WA LT 7z (Fig. 2.4b, d).
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HA I e KPS 2 m =—NOWFEEIZEH 2 23R E2HMICT 57290, HARIIELE &
OF D OREZNAZNICEWT, HA IRIN%E 3 FEEICI 1T 2 2 m =— bl ds K OV BEED
DA %= OFIE OWE LR 287 (Fig.2.5). HA Ntk 3 B o s R L OVEPHERIC kS
T HWEEREV OF—F &Ry 7 A7 0y b UTHEENT L7, HA IRINOEEE S 51
BT HHFLEROBEEIRE V O3 A #EaPHIL A IR e~ TR o 7o, S 75%E % b
FIHEM GESEWTWDHEM) OFIEGIE, ar=—0OH.LE, BBEEOMmGIZHENT,
HA RIND & - 7255513 36% T, o 72855 D 25% L W KIEIZKE -7 (Fig.25). %
M E RS, FULERD 25% M2 T RIDEH] OB < W TWDEMH) OFIGIE, HATRIND &
ST AETE 19% T, oA 0 25% X 0 /NS ho Tz, Mz EERE V O REIZIE,
HA WM A CHEZENH > 7= (F0LES, P < 0.01 ; JEPHES, P < 0.05 ; Mann—Whitney U
test i & B). £, BEFEEHOFELEOWEERLEILIHARINC LY 125128l Tl v, 2/
MCTHEENRDH -7 ('P<0.01; Student’st-test (2L D). THHDORERNS, HARIMZ X
v, awr=—WNTIEMEEEN 2RI B URIRENECHTREBICH Y, ap=—f

D COMELN IR S D Z LS nk.
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36%

-
o))
|

Migration rate, V (um/h)

10 36% -]
5 _ L o
: 21% . 7]
T iy E .
19% : -
0 N N
Number (nuclei) 258 258 253 202
Without With Without With

HA exposure HA exposure HA exposure HA exposure

Central region = Peripheral region —

Fig. 2.5 Distribution of migration rates of single cells at the central and peripheral regions of
hiPSC colonies with or without HA exposure. The data were obtained from cells within
ROlIs of five randomly selected hiPSC colonies at 48 h. Distributions of migration rates
at the central regions of colonies without and with HA exposure followed a non-normal
distribution. Cross marks indicate average values. Box-and-whiskers plots of migration
rates of single cells at the central and peripheral regions of hiPSC colonies. For each box,
the central bar is the median, and the edges are the 25th and 75th percentiles. The
whiskers extend to the most extreme data points, not including outliers (n = 169-293
cells). Outliers are values outside of the range: [25th percentile — 1.5 x (75th percentile
— 25th percentile)] — [75th percentile + 1.5 x (75th percentile — 25th percentile)]. *P <
0.01 (Student’s t-test). *P < 0.01 (Mann-Whitney U test).
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2.3.3 HA #is/int4 DAERE — MRS MIEE 36 X Ol — 2 E M8 O /e

HA #RIN1% OHife — FE [ 46 K Ol — M 5 13 2 2V R OB 2 B 6823 5
7%, integrin BEE & Lo 7B paxilling 35 X OV — MMM EEE 2B b D ¥ LU E E-
cadherin D553 120 RFEIC 1T 5 4, MERAICI VMG L. HATRINEL D 2w =
—HLLEROMAZ IS T, F-actin 1 ZBEET 2 Ml & ORI - THARIZAA L, paxillin
L EAOMIE — A ICH W EEDR A 67z (Fig. 2.6Aa) . EFHEOMAIEOFIZ T
1%, paxillin ZEFHNCRE LT A VRT 4 7T HHEAEL, ABRZRERR O F-actin #5857 5
actin A N L A7 7 A N—DRENBILE ST (Fig.26Ba). — 5, HARNM#Z O 20 =—"7T7
1%, FLERS K OVE PHES A oo FEJEE [ ClE, F-actin & paxillin O JF7ER L O D2 —
NI Tz (Fig. 2.6Ca, Da) . HULEL T, paxillin 238k 3 2 #258E8 L N actin 2 L
AT 7AN=OW LS, HA IRMEL O am =—H.LEE L TE Y L < ORTENRH
L.

—7J7, E-cadherin DX, HA MDA Dl OREFEIZIB\NT, FlEs & JE FEE T
FIC L EITHR Y ML ERFICBER2FEVITR 647, E-cadherin Z %3 L TV 2 fllfalX
SEFIROIRE R L, BT DA OB Ttk L CRUIRICEBIZE S 7z (Fig. 2.7A4, Ba,
Ca,Da). TN HDFREND, HABINZ LY & | iPS =t v =—N DMz 2 21k L7214,

E-cadherin |Z & 2 il — il 88 IR S LD 2 LAVRIR STz,
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Central region Peripheral region
F-actin/Paxillin Basal side F-actin/Paxillin Basal side

L

»

Without HA exposure

‘l i 5

With HA exposure

Fig. 2.6 Localization of paxillin associated with actin cytoskeleton in hiPSC colonies in cultures
without and with HA exposure. Confocal fluorescence images show organization of F-
actin filaments (red) and paxillin (green). Panels (Ab—Db) are the tomograms sectioned
at XZ plane (yellow lines) in panels (Aa—Da). The asterisks show feeder cells. Images

were acquired after 120 h of culture. Scale bars = 40 um.
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Central region Peripheral region

F-actin/E-cadherin F-actin/E-cadherin
5 T “y %, . ~ L A ? I7h

Without HA exposure

With HA exposure

Fig. 2.7 Localization of E-cadherin associated with actin cytoskeleton in hiPSC colonies in
cultures without and with HA exposure. Confocal fluorescence images show
organization of F-actin filaments (red) and E-cadherin (green). Panels (Ab—Db) are the
tomograms sectioned at XZ plane (yellow lines) in panels (Aa—Da). Images were

acquired after 120 h of culture. Scale bars = 40 pm.
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234 MREBEBLOET I F0RE

F-actin f&& (e EZ 8 EBE L CA LT 5729, HARIIZLD, B M iPS ar=—K
D F-actin #E N AL T 2008 9 & T2. Fig. 2812, HATSINOFEZ NN ORES
TRZEB T 5 v =—NOMIBO KW 2 23 B mlB 2 7R4. £72, F-actin f#i&E 4 xz
J7 16 TR 2 5 7D, F-actin/ o) 22 WX 4 Fig. 2.9 127°7". F-actin &0
ZERIRY 7R M5 7 &, F-actin 2% = & = — A PHES £ 72130 OE O R B NS TE R S 41T
D2 ENbmnoTe. JEPFHETIE, F-actin 23fE — MR EEE SO TERAIZREL THhbH—
J5C, HEIEHH TIX actin A NV AT 7 A4 N—HENZ K < BiEr L CTFEE L T2 (Fig.
2.9Bb, Bd, Db, Dd). HA RINOAEEDREE ZEWE, =2 v =—HuLER o ELJEMI 0O F-actin T
Bl sz (Fig. 2.9Ad,Cd). HAWRIMEEL O = m =—TI%, FLEBOMIEZ L 72 v il
THRVEGSTBEEMKRL, AN X VHIRS TV (Fig. 2.8Ab). Z OfEEOMALIX
EHET R F-actin i 27~ L, JEEMIO actin A LA 7 7 A4 N—03 Kb Tz (Fig. 2.9 Ab-
Ad). — 75T, HA isIN%% CTiX, = v =—HuLECIdMfasZ 23 Big C 54 L C U7z (Fig. 2.8Cb) .
FEIEAIIT actin A R VAT 7 A AN—DJERA] B NTBIEE S, T AVUTEFE OM & L
LCW= (Fig.2.9Cd,Dd). Z#1HDOfERMND, ar=—FuLEofMizi:, HA IS,
NAFIRIZ S - 7= F-actin A& 2> D FEEEMID actin A F L AT 7 A N—ZoR L, JEFHER DM
EHPLTWeZ s, HA IRINC LY 2 e =—HNoMEE O/ ImH S s Z &

PR STz,
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Central region Peripheral region

__F-actin/Nuclei F-actin _ F-actin/Nuclei F-actin
8 g B S om FUS s % | Apical side

sl Basal side

Without HA exposure

Basal side

With HA exposure

Fig. 2.8 Actin cytoskeletal formation related to nucleus distribution in hiPSC colonies without
and with HA exposure. Confocal fluorescence images show organization of F-actin
filaments (red) and nuclei (green). Panels (Ab—Db) are the tomograms sectioned at XZ
plane (yellow lines) in panels (Aa—Da). The yellow lines indicate the location of the
cross-sectional side view. The asterisks show feeder cells. Images were acquired after

120 h of culture. Scale bars = 50 um.
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Without HA exposure With HA exposure

Central Peripheral Central Peripheral
region region region region

Middle side Apical side

Basal side

o F
=1
[7p]
©
©
o

Middle side

Basal side

Fig. 2.9 Serial sectional images of actin cytoskeletal formation from basal side to apical side at
central (Aa—Ad and Ca-Cd) and peripheral (Ba—Bd and Da-Dd) regions in hiPSC
colonies without and with HA exposure. F-actin filaments (green) and nuclei (red).
Panels are the tomograms sectioned at XZ (Aa—Da) and XY planes (Ab—Ad, Bb—Bd, Cb-
Cd, and Db-Dd). The lines indicate the location of the cross-sectional side view. Images

were acquired after 120 h of culture. Scale bars = 50 pm.
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HATINZ K> Tae =—NOBEE#Z > 737 & laminAIC DFEEI 2 — 138k Li-.
7 =— B PHEHICB N TIE, HA IO EZ) )0 5T, laminAIC 2353BLL, &HY O

B ER DI > TRFEL TW= (Fig. 2.10Ab, Bb). — 5T, an=—th.LEicB VTl
HA RIS IENEE1E laminAIC DFEWEELABIZ SN0, HA IRINNAE - 7256133881
DL A EBEIN o7, NSO =—F0EORIBRD xz 51 OWrik R 4 #8224
5L, HABIMMPNEWNIGSIX, ZIEIROZOMAIEIZIHR > T laminA/IC 23JFH7E L TV 223, HA

WA - 7285680, AR EE RIS A TR Y Z O OENZI - 7= laminA/IC DR HIT
FE A>T (Fig. 2.10Aa, Ba) . 2D OFERNG, HARME, av=—H.LEO

FHNAL 22 A 1S 2 TE R T RIS O, laminA/IC IZZRB LR W2 R EnT-.
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Without HA exposure With HA exposure

£

)

LaminA/C/Nuclei

Fig. 2.10 Localization of laminA/C in hiPSC colonies in cultures without and with HA exposure.
Confocal fluorescence images show laminA/C (green) and nuclei (red). The panels show
tomograms sectioned at XZ plane (yellow lines) of demarcated box areas in panels (A
and B), respectively. Images were acquired after 120 h of culture. The asterisks show
feeder cells. Scale bars = 100 um (panels A and B); 20 um (panels Aa—BDb).



24 B

AR TP D B IC BT HMF R0 FE R E LT, ROMBIRE SN T 5 N Y A
—OBEHR, HOEME L TSRS ED X 5 IZHEEFTOM/NMRERIE L TR O
MR IE a2 FAET 2 O F%E, SN EIRNC X0 Ml & Sl 9 5 RS O R, el
2z 5415 (Bhatiaetal., 2012; Liu et al., 2014; Tong et al., 2015; Hagbard et al., 2018) . #fijid
ZFEA, SO B CERSS S ERIIRE OHIE, I X ORI OZERMEDOHERFICE b 5 =
EVHBATV D (Kimand Kino-oka, 2018). 55 1 EC@IZZ S N7 K 512, MlezshoZql
FEREOERT EEEL, #ROICHEEENICAY—RMllEH Bk s D (Fig. 1.2).
Bz X, 2u=—RNIZBW\T, MG X OWEEIFZEMOICR e s Z LR TRINS.
Z DM AR — R RSCIREEN S ORI EL 525 Z &0, D050 THiED—
e EHIZTTIZHLMNZEINTWS (Kim et al.,, 2014b; Kim and Kino-oka, 2015). =2z =
—NOMINE, BT 2 M & ORICAAES 2 Mld —Mlaf, XA dsmmic = —
T ENTERELEORICHEET DMl - EERESEICI Y ZHLHEIND.
Cadherin 3 X U8 integrin &4 L7285 E A RO BAERIT R & 72 HIREE O W A 7o 8
VETH Y, TOEHEO—m & LT, BHIMIEEAIZI1T Rho 7 7 < U —GTPases 4 & U actin
BB ORFZEHR) 2B S LHTH D Z L s ST\ % (Kimetal., 2014b; Kim and Kino-
oka, 2015). % 1 E TR~/ X D1, KRR HO®M LMz A9 5 FiPS am =
—O%G, au=—HuLETOMIE O E > THILOEEEME N L, M) E
VdH Z & THRENOHSHICEEND Z ARSI NT. Zh b oM, /NE72Mifans
REESRAMIE~LTREZC LR BHFE L. £/, E b iPS Ml DR (LIREED>

OB, 7/~ V) —IefRiEEORER L U TERBEOIZELD Z L bR Lz, BATL Y,
£ N iPS MEORIRRE & OB, = v =—FLE OIS RS K OEEIC &

il — M ] d L O] — FYE g ORREZITER LT\ D Z & 3iE ST % (Puliafito
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etal, 2012; Kimet al., 2014b) . AHASEFERE DR Fid = v =—rfuLES O AIIE — MRS & 7T
EL, ar=—NOMk— Mg L Ol — REREEDOT v T o AZh| & .
Z LT, aun=—q0EiTil, E L O 2 Ko oMl OIS 2@ < )oK

E#EREEAL, BOWAEEZ LB bND. an=—NOT /< ) —72f 8T
actin ‘B2 LA TO laminAIC OFERENR~Tr7 a~F U OERE5 &L,
KB DB DR AT HZ EAH 1 B ORI, 2L ORRIE, E
KPS 2 =—HULTAE U B RLIREED & i 2 Bl 2 B3 5 7= O O HE 2 0 i
ThirEEZLND. £, B FIPS an=—MERKT 2R Ta o =—RNIZB W CHllE
— AR L O — EMBEE O T L RT U ANELD, O ERRMGIREED 5 i
L7720 RA LIRS b o Tnb 2 L b b MnE o7z,

INHOHE 1 BECTHELNEMRERE X7 ETITo 728 2 BOMIETIE, HA IZL DA
fil — MRS OfBEFIIZ LY, B b iPS am=—WNICBIT MO R IREED & O
ZRIETE 5 Z &Lz, Fig. 211 12, AEIOBERE X OLIRTOWZEIZ ISV T2 KEL O
BEXER L. ZHE TOMIICE Y, HAIZ XL D E-cadherin ol — MR 425 O A
RN LN E 72> TE TV D (Lee et al.,, 2014; Sugawara et al., 2014; Kim et al., 2017b) .
A TTHESH LRSS LAIIIPICIR D IAE 725, EIZRD 3 DOBRFE AR L Gl —Hifa
[ OREF L R Z I SR Z T LEZX LTV D, (i) HA [T 2 @i 5 F, H
RN Z 38 50— b (REfdZEiE L — B) ISV CllafifR 2@ 50— b (Rifashr—K) %
IR 2. (ii) HA 2% E-cadherin (254 L E-cadherin (2 X 2 i — M 825 26 m4 5.
(iii) E-cadherin |2 L 2 82E 0N 7-1%, cadherin & integrin ® O EAEHA A, Rapl G
DO Z S LT, Ml E O JOEAAOFIEKRZIT 5. HARIEOE | iPS =1
=— DAL, E-cadherin #2355 % %k > T b F Y E-cadherin Z F 8L S+ 5 Ml O BE Ik

FLTWAEEZEZOLND., B RIPS an=—HNTIX, ao=—dulEss EPHE O MBI/
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W 72546 DR 723E WIS /A B, £ DiEWE, E-cadherin 35 X OV integrin D FEHL D 7=
BLFBIL Tz SNL 7 ¢ — X —#lfa % WV C e b iPS Al & #il X 7454, B K iPS
IR Y s L ONEEA MV KL T ae=—%2Fk L, MREE L2 =—FbH
HEVFRLEHTEIELS o7z, LL, HABWIMODOAF - 72853% TlE, e =—HuLEis Xk
OV FRE oA e EVED ) < BRWHE A2 TR L TR Y, am =— N THlias %) —IZ 1
L7z, s =—duliis JOVE R OMIIE, AEMTactin A RLAT 7 A N—%2H4 5
el snz (Fig. 29Cd, D). Ko b7/l it 5 E-cadherin DJERREIZ LV,
E-cadherin #i & 2 B L7 2 0 =— NSRBI O 2% 5% 3 2 L A T& 72 (Fig. 2.1; Fig.
2.7Ca,Da). I E TOMEND, Rapl Z/r LTZIED 7 — K3 7 #ilf#EIA3, E-cadherin 5
KO integrin 72672 2EEEEARE FIZR L, ZIUT & o TROEHIL O MALR 0 BE M
BLOavw=—#EmETHZ L2 RrIN TS (Knox et al.,, 2002; Hogan et al., 2004;
Price et al., 2004; Balzac et al., 2005; Retta et al., 2006; Asuri et al., 2008; Li et al., 2010b; Bonello
etal.,2018). E-cadherin ®BREIZ K 2 Mlifd — MR8 oML, MidiEEEzRL, ar=
—HULER & JEPHER TORIC A b 2 MlaE kI L O OB O 2R 2 ey Lz, £7z,
FIEGEADFERN G, FEEF O~ iPS Mo Mifd — L 3 L Ol — R A O
7 AL, WEE L RIS 2 DM E I AR KOS DB B e b 2, flla sy A
Db ST BT Z BB o7z, MlalEE ORI X 2/ — Mo &M
— HEMBAE DM DONT o 2O ZEI#E, & & iPS 2 =—oOLEIc BT 28
FHD laminA/IC DFHEFEZINHI L 7. BNICE T 285 F RO ) FRIRE D ZE X
AIIE DAL F R 3 X ORI B RS I & 3N LT, HA USINTL O 3528 M o 1 & il 12
o> TOWDAREMEDS HV. 2o X 51, BETO HARIMC LS e b iPS ar=—HN0D
R E DR, Mfd D288 2 2840 S8, RO 2K 5127 5L ZE2 605,

fERm e LT, HAIC X A/ ®odifi 258 H L <, & b iPS MO R LIRAE 2 #EEF L
63



ToE FHET DEENOMEFEEDEWITEL BT Ui, ROBIRRED O OB AL, HA
IZ& D e N iPS 2m =—WNOMfulEE 2 U fiie — Mg & i — S RS o
TUADFTENC L > Tl SN Z L bR L. IROHOmAE, BEdor kPSS an
=— OMIfEZEE) O ZER IR AN — M OB 2 Wl 2o e i FR R S L L b, R
SAUARRR A HERF 3 5 BRI O S BN 2233 HS b F 59 5. HA & W7o Mia 2 Bl o
JFEE A LV RS BT 52 &5, b b iPS MifdEd XV ZENOREICEERT D H -0 Fik

DBHFEIZ D723 5.
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2.5 /N

HA Z RN L 72 WESER ST T, 2 n =—NOMBEEE OfNT 2 V5 &, bk
M | ORI IRE E 2 S OMIBER N - 7. 20k, v =—/FLEI — R E R
BrRKo THFWEMRZGZATEY, SHICET I TORIANLFHA ML AEZEHEL
TR TH D Z LRI N, O, MREHEEEND, 3 =—H.OE oML
JEMIT actin A AL AT 7 A RN—% KL TE 5T, av=—KNOMEHKILELIN TV,
HA Z N L7255 50 T i, 2 u =—NOMaiEE Ol 2 AV 2 &, FulbEsCidm
SRR E O FAENEE S, 3 =—NOMIEESR 2 bivlz. Tk, an
=—HEH oMY, Ml REREE AR L, EEPLORE ERY ZiEsh T
To. B, 7 I T ORBANDELS A b L AOEBPBIIEIND Z EAVRBE LT,
Z O, au=—RLMOMKE, REMTactin A NL AT 7 A =2 L, FEFEEE
FIfkOMIEHREZA L CTBY, 2r=—NOMERE OIS IIH ST,

U bms, HARINZ K> Tan =—RNoOMlals EDO R —HA2 BT L3, an=—
N ORI A OELAOEIHIZ LT, ROIREED B U 7ol O3 L DB 227 )3

L2 RSN,
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WIE

AHFFETIE, B N IiPS Mo 2 v =—WIZEIT DilEEDZE MR —MEICB T 2 9E %
otz ROAGIREE S B U722 = v =—PNICR AT 5 &, SbifEiTiic LT
<. 2O, KOIREED B L 7o Mian R AET 5 E COMELIA LI L, #iLo
RAEZEIETHZEIIEETHS. H1ETIE, b b IiPS HIORLIRIED D DL
RAETLBGEH LN Lz, MlanH e MidiiEZ# Y IRL Tan == KT 512>
, ar=—f O TTIEEE D DN MR EAE L, —H T, ar=—FREH T
DOMIEAGEH LTztk, THEH OIS TREIRIED DR U7 /iid s 54 L7, Al
SN D FEEITIEE DT )~ U —OFAT DHEMIKF L TEBY, e =—FLE T
Mo RO IEE & b DM, E 7z, AP TG SO IEE A b DM R A LTz,
MIREEE A (2K AT U 7o — A ] & M — SRR DT o ADENnE LB, ar=
—NRFTHICEE T L TR RBLL, £ OFEBIZB W TRIMBIREED Sl U 7= M 23 %5
LT EPRENT. THOORERENS, MRIEE D 2RI — D, KoBIKED D
it U 7oAl o3 AR G-T 5 2 RS,

%2 T, HAIZX DMl — Mg s oz vy, RoaoIRRED S L7 /lg
HAEDOHIEEIT T2, HATSINZ X » T, Ml iEE s E OB O E 2 a0 =—FubEsic g
FTHEMDOIANB I S, Mla—Miafi s L UMl — REREE DN T v ADOELINDIF
HIA, EEPOEEN MO AN STz, o, an=—F0EoMiax, &
B & Rk, EEMITactin A RV RATZ 7 A N—=Z L, 7 I T Z2IFLAEHIAL T2
Mot ZO Factin &L, v == ROCEMER T 272 DI ERRIFTH D LWV R
L. ZRHOFRERNS, an=—NOMIEELZRHZ D Z LICk>T, KRobRENSD
W AEZBIIETE D 2 ERRENT.

Mfh & LT, ABFETIE, Mgl s g 2 22 M2 E BRIICHIT 25 2 &Ik, M
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fZEEY DT o ZADFEIIT Lo TROIREED B L 72 Ml 4 5 2 & 2B 52
L7z, ROEREN OB L -2 F T2 an =— 2B RAICBIEE L TRk oilE
DAL AR =—NOT )~V —=0NHY, TOET /~V—0Db%aw=—NIZITM
BHOENRSH D Z ERghodz. FEEMT actin A ML AT 7 A R—%JELT 5 actin ‘B
AR THY, an=—NORFOENZIHEIT 2 2 & 2% iPS il DA AR 20
THETHLIEEZx LN,

i DI DML IV T H, AW FH 7 MO RE O PRI B2 7Bk 7 203 22 [ i A7
FINCELND Z E DR SN T WD, FR IR, E-cadherin (2 X 2 — MR B8 24 L
RIS BERITEAET 508, EHOEmOMILIZIRA IS &, cadherin DA A v F o 7 &3
R MR A U T IS AT 2 FN A BN T2 (Maeda et al., 2005) . #EE
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