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Y <

B 1=
T

SHEHESIRIAIC & 5 SRS

LREMEEMIA L, A OB S bex AT 2MilaTHh v, W RFEIC LY =
T Coffifi~tsaftci 3. Frc, rEEHINE (ES Hilg) 2sIEzHE o NESHIILEE
2 LN X N1-1, 1-2, 1-3], Bz ) 7025 2 v 745 2 LT A% R

(iPS #MilE) ZPEHL3 2 Z & 2SATREIC 72 o T[1-4, 1-51B4K, L0E L 7= % HEEHER 20K
72 0 LFFE D 72 D OEFERAN ANEFE ICHFE S L C & 7. BREMERMINIC X, AARAIC
BT BREBRRICHIGL 7294 —7 (naive) B 77 4 L (prime) T & X% % RE
PIREERTFAE T 2 Z L SO I ENTWB[1-6]. =7 2 & & b D ES-iPS flfidic B\
Tk, TN DLEMEREDENICX Y, SRR ESAESE R Y, EETREY
n7 ALY an SRR RS, F4—TRL RN TS 5~ 7 2 ES Ml
faogé, a2 HE T 2 8 F#EE LT, OCT3/4, NANOG, SOX2, KLF4 7z & dD
ENTFAY VT — 2 PEETHL EBDLIro>TWS[1-7]. 72, ~V X ESHIfED
%aetElx, AIMEINHIA T (leukemia inhibitory factor; LIF) #¥5EMICIRINT % 2 &I
LY, HEBOY 7 FMLERBE N L TR SN, chickoT7 4 —&2—fiiflar ) —
TOREENAJREL 72 > T 5[1-8].

HREEERNC in vitro <HBMWIC LI Z TEK X € 2720, fEkcidf—fige L
THA L 72 REECREE I N CE - Mila 2 BEE X ¢ 5 © & CHIRB I 2 358 3 % Fik2s,
WAEKACHWONE X IChoTE R, 2L mBRICBWTH LN, HMITER
S HERIICRR % 22 2 75 03 © Sl IEARAR 2 TR 3 2 BlGE H AL & WRiE ., #2E7x
a2 7 L ORFEMN R REZHFEL X 5 & T 2MELED LT B[1-9]. T

, S REVERRHING 1, W A @A & B L CAH AL T 2882 T 2 2 L b,

LA OREREFM L L CoOEABERF I N TWw 3, Fric, EROBEREOBRE

HEEET AN A FicfREI N2 X5 RS MilaflfkicovCid, FEER - A3
CHAEYENE~DIGCHABEIN TN B 220, I LI EAMETELHE I



TWw5[1-10]. flE L <, v v X ES#Hlife %, (KBS DR Z H v CHEIMER =R C
HRR O MAEEERZ B S 2 5 2 LIc X b, THG — FRIEHRIE 2 b D iR b R AR & i S
TE D EBMEINL[-11]. T oI, T DFiEx G THIEFTEH~ D b ic5#
L7z5tFcliET 2 &, MRk LMo —E2 = LR T AT 2 2 &ic kb, MK
AT BAEAS % & T IR RRAHA 2 B CAHIICTE R S 5 2 L 2R I 7z[1-12,1-13]. 24
b ORE & Y)Y 12, 2010 FFULARE, ZretEirfile o EH2 &, Kk, B, FEhE B
7Y, TEIFTRMELELZANVN A FPHBERCE 5 2 L BRA LG I N(1-
14, 1-15, 1-16, 1-17]. X bic, FIHARRA AL -8R 2 B+ 3 2 ik b,
MR AN 7 7 4 FMERRRECTH 5 T & D3R X L 7z[1-18, 1-19, 1-20, 1-21]. % D%,
b b iPS Ml EE VT, A A ) A FEFRL, YIRS E% in vitro T
B2 2 LB HIMICaTEEIC 72 D 20 H B[1-22, 1-23, 1-24]. TD X5 HANKT I A F
DREFEICE TR, il L <, @Y aMlaiz w7z B, RS2 L 2SR
FaEHT sz ik, MEBEHEEERZ 0 L <SR~ 0B 2558 L <
WB[1-25,1-26]. L7223> T, ZHEMEMEo LRI L CHEBREZHfiTs L1
XY, Zretkiriiiassf 3 2 RREE D 25l 2 3 & ©, MR ZHFET 5L
BTELESZ5.

1.2 MfRERH ORI L 2 BERRENL ZRITIREEL

% RetE e o SE NI U CHAIZ L 2 58 3 2 72 © 1013, SEESERIE 2 @ U) I ET 3
LCEBRETHL. ZDODOFHEL LT, {ERTIE, BRABRICE T 2 AE{LFN
BB BT 5 7201, WEROMKZHME L, 7 F 1Tk & 0B ENRT %
BRI R BIICANIN T 2 7 7o —F ML N T & 2. ZoFHEICz T, EE I
CREHMOK R L ofMiaE b KT 2HiT 2 L bHEETH L LD
2o TET[1-27]. T D X5 HllEsE S O IX, BT 2 v cf/FR L 725558
ARG D TN T 7u—F236G5Th 5. ERIC, H 1L1ficd7zk 7%, EF
D% HEMEEHIIE O MBI GRS TR DS 13, 2 OB - THNT 7 u—F %
HafrbE b LICkoTEBLCERZLEEX 5. il LT, MililELHET 258
R T RetEle 2 553 3 5 < & <, B AR IS W IIR I BL7 2 MAEAR AR S T2 Ak &
NABRMBFERIN[1-28], THiC~A4 7 ufifkTF A4 2T A2 nTy VF A4



I X BRI RIS 5 2 8T, X5 BB & MU ETT T 5 T & R
IN[1-29]. T XHic, MluEES s 2 LENT 7v—51%, fMieES 20
L 7-Aile e o 28, R n 2 ko REHiEs 2 L znlgt 25720,
R HE 72 % MR 2 WS T 2 1o D FikE LTHATH 5.

MfaEE S O FEi 23, ZretEirfild O REZEICE 2 2 B ICOWTHEST 272012,
Ml ESIC KV EY TN NFBRTICER L7z A ) S Fduy — N F A=
o ZWGER D b T ¥ 72, LHREMERIEOMEEE S Ic BT, Ml — RS
A — S DI % REtEIREE DHERF ICBE D 5 2 L 2R T v T 5 [1-30, 1-31].
Bric, BB O ML/ EE IR L CHREMIREEDS (LT 2 2L B L L AIb T
W3 [1-32,1-33). 7z, ZRetkEpfiiicn 3 2 —flilg X 7 — v offFtic s Tit, £
HEEHPMIEKRO AN ) PS5V RR 7 v a v ENL MBI EE TR 0%
LTS T B[1-34,1-35]. L REMEMERF P LRFEICB D 2 AR Z T~ 5720
UL, fhooMIfERE A F 7R & RIRRIC, 2 RetEERHIAG I L <20k 5 2 2 ot
% 53 2 TFFE A% BATH I T & 72[1-36, 1-37, 1-38, 1-39]. & 5, N Tic
K OFRIL 728582 v 2 © & ¢, SAE ol LR ER O IR 7 & ofMilaEaE s %
FETIL, ZREMEIREOENZ BN T 258D % < I T LT 5[1-40, 1-41, 1-42, 1-43].
—77, ERAOIRFEARR I B\ TE, YIFIIRIC 31T 2 figE ar D RE I B RS R
5N )RR S B R E 2 > T B Z & ASHBH L Twv B [1-44,1-45]. L 7=
23oC, ZREMERMILD in vitro I BT 2 HAIZHGERICBE VT, TH¥NT v —F
I X 2 MfEEEE S ORI, o X5 KRN IR EBIGEEE L, MRk R TR S 5 Ml
EMDOLHEMIRELZL X 202 AT 2 L PEEE RS,

% REMEERIIAC I X 2 I BORRE IC 5\ v, eSS oRic LY, BRI ns
R IC B O TR RN R L REEIRBEDZ L E L 5 2 L R TH 5. il x1E, M
INTAC X O AFRLL 7285880 ¢ 2 — v B A C L Retkepfiiido am = — 2558 L, 4
LZiHET 5 L, ZMRE~OMUBHRF R Lenfie &b ICHENS C e BRE I N
[1-46,1-47]. ¥ 7=, FERORGEMm ANX —vERK EIcwCar == Lok ziFE T
% &, MBS I XV 1E D 2 AN 2R8I X 0 MR AR 22 e L,
PRI RN 2 AR K & 0 L 28 BRIV ICHETT 375 Z L 2SR S 172[1-48, 1-49]. X b T,
BN 2 — vER Eoavw = — ot U CERO VIR Z TEK S &, b 25585 5
&, AR NS IS AR E AR O LA FHAR 2 H CARRIICTE R S 5 © & 03 & 72 [1-50].
NS DIFEICE W TS A & N7z MRk o TEIREF R 10 2n 254 13, MR 15 oo i 08
AR SRR I B 2 5 2, SEIRF R IC L RetEikE 2 2 b 3¢ 5 Z it X D 5 ¥
ZINTWEEEZZZLBTES, LaL, MEFESRETICE WL, MRaRHEA



TERDEMECH 2 7201, ZREMEIRREDZAL 2 Bl E T 5 C L IZWEETH 2. L7243 - T,
SHLEEEIC X o7, MBS S OMET D 2 X 0 LREtE Mg O MMIZ R 2 FE 3 5
LT, MHIN I RIE SIS B R S REIEIRRE D 2 L Ic IS I B 2 B g, %
REVEERHIIE 2 VW 2 B E T RO BB ICE T 2 AR GoN s LEZ LN S,

1.3 FERUARBIENIC £ 2 BRI BOBIE DI

% MHREAH A O T HOEAR IC 3515 2 FHARN ) 224K RE & SEIURE 2L 1Y 7 IR BB S (L & T 5 2
72T L, MHEE R OBR PR G R DGR BETH L. ZD72®IC, Wil
RS RSB & F > CHIIEEE S S ATRE 7R pEI 2 IR 9 5 = & ic X 0 AR 2 il L,
FiE DIk %2 BT 2 O K 2 (R Fik28, R T A0 cffbn &z, filx
(E, MEREHEEEIC X A AR 2 S B 7000, BN TS X 0 fERL L 72 ZE A I ARAE SR
Ml %z S 5 2 & T, MlEEROREL AR OESR LD S X5 IR L 72/
WAL X N B BB AV b 72[1-51]. £ 7=, i b BSiakeie 2 %4
% &, MBS IEICREL, RN X > THEI WA MMIERE s e 5REh
72[1-52,1-53]. EHic, #MH%Z b oG ICEFMIUEMIEZFE S 2 2 Lic X VK
NafifEdy — P OREEBEZEEL, BT AZH BT flardbes LT,
MR T AR B DB % BH & 21T L 72 P98 D s S vz [1-54,1-55]. —75, LR
fids — b DFFRIIR 2 R X Y HIfld 2 © & ©, MIRRET I S MR 12 IRBE D fiR
W % AT o =W MRS X T B[1-56, 1-57]. FIRkIC, ZEEMEEHIIE S ERLL 7-
ANH A FERCEE TR, IEET v 2 Ao GHBZT @R 2 T2 C Lic Xk
b, FEIERIC BT 2 BN EIREEOEEI ZAL 2L X 5 L LTWw3B[1-12,1-58, 1-
59]. 2O XD BN ERSICT B0, Rl T X D ERLL 723K & A, ikt
N7 A R ORI T mIciR %25 2 %3 2 LT, LHllTo B EROBIELR S
RIEEBBRE A RT3 FHELME I N TV B[1-60]. F7-, MRS ESRKZ HvwT
% REME R O A R IR % 5. 2, MifaZEE) 2§l 3 2 2 &<, N0 %Rk
REDZAL & T2 TS D M I T v B[1-61,1-62]. LLED X 51T, Mk EE =
FR % F o TR 2 il 32 < i X 0, AR IR EE & FESURE B 72 % e PR IR
REDZALDOMIE DBIRBE S 72 v, % RetEE AL O MY BORTE % BRIE S 5 2 & 23]
REICDEHEZDLND,



PSR B AR 2 W 7= MBS 5 O R D 5 b, MlaESE 25 vl He 75 fHi & iR 3
2FEEA L LICX Y, MBI E IS 2 & FRpc, Ml —MiaEEE i X 2
R AEA 2R L CHBER 2 FEc& 2 L HE 2 b b, FEERIC, MlaEE %z
PR L 7= B8 H -~ 2 — v BRI HAEEF I 2 fk 3 2 &, ¥ & — v hb~ K5 1) ik
R AHIRR X 4L, B bz 723 O TR Z TR S 5 2 & 23 T 472[1-63, 1-64].
¥ 72, Okeyo H[1-65]IC X W FHFE S M7= T A v & 2 MHEHR 2 w2 2 & c, #
Rz A v Rl 2 IR L, & & & Moo L cfifdsy — F o2 iFE © &
52 EDRENTEY, ZOMBEEGEREABIE I LTV 2, LA v > 2 fEi
Wi, WA S pum, JE XA 2 pm OMARAS, Et pm 2> SEE pm DIEF TR Z B
b OMHEZ R L T SMMEEERKTH Y, A=Y =2 CHENKR 2 S L
THERPICKREL, 20 RiciftzfEiEd 2 2 2 X b, MaEas 23T 6E 7o 5 % A
B o BICHIR ST 3 MR BERTH 2. 2N T TORTIMEICL Y, vk iPSHliEc
LT, AL ERRTIC X 2RI E 5 2 3, REIFMIEEIIE 2 & 7 2 FALIR A
B~DHCOHB L ZHETE 2 2 LR ENTWVB[1-66,1-67,1-68]. 72, A v 2l
R Z 3 2 & T, HEEMIERICHiEy — MR FET 3 0A 26T, Ml —
M2 3B T B ISR TEAHIBEIATRECH 3 2 L AR I NTH Y, HIRN /) 2RAE % FlfE <
EZU[HEMEDSRIB I N TV B[1-69]. L7223 T, TD Xy v 2 fERNR % F v -Cilig
ARSI, SREMEIIL O E-ICFEMN A RE 2R 4 2 & T, MBERORRE
DEHBEDPEG RO 2 FHE L, X 5, EIRMRRIC S 2 IR R 2 % HE
PREEOZLZFHECE 2 LRI 2.

1.4 A DB

ARETHRRTE X1, ZRetkiriiit oI L CileBegh 2 iifis 2 L ic
X0, BEMN L MEHEBIER 2832 2 L3 A[REIC 7 > T & 72208, Z OBEERICD W
TR AT D TH 5. FFiC, LEEMEMILOAIE BOERE <, MR 5
kN TR BEIC G U CHUBRF R AIC L REMEIREER (LT 2 S B EETH L E XD
na., Lo L, filaEsEs o st ey K2 bic g3 Zicown i,
N BAE A MEMECTH 2 - DI T ICBEDRHEA TV s\, 2 2T, KX T,
Okeyo H[1-65]IC & Y FAFE X 7= MIN T A v & 2 #E&EFAMR % F W 72 Z RE MR E o 1



IR TR Z X BE X &, JEIREATE ORI IC 351 2 % REEIRRE O I 52 1k 1
BHL TR ZIT o7z, TOX vy vafiEiiRkezHv2 2 icky, BIRIES BER
I ZFE L, FRIC, <7 2 ESHIIICNTES 5, PIAMFEAEETEIC v CHElE
Rz dati TN 25 2 iy e ©, 2o EEHEES S L 2HIEL 2.
KX O HI, ~ v A ES HilE O MBI HOEBTR 1< 35 1 2 SR ) 72 % BEMEIRRE D
ZALHSHHARN I FIRBIC X VAEC 2 LR HL2ICT 22 L TH D, ZDDIT, Ay
v a SRR A v CiifaEE S 2T 2 2 ik v, v R ES MR L CREIR
MR E 558 L, TR E 7z TRk I 35 1 2 SEI B A S et IREE 2 R T B,
INIC XY, MfaEESGOFEIC X 0 1ED & 2 NI EIREESS, T RALRRIE B
FRIC BT 2 L RetE R L O s R IC KIS T B 2 Ho 2 ic T 2 2 L 2 HEE T
R E RS FEICL ORI N TS, F1ETHE, R offme LT, R0’
HEHMNERNZ, F2ETIE, ~ 7 R ESHIfEOMRRTESMFIC XV E T 2 L HEMER
BEICIG U C, FMMIERE I 2 B 2 2 L 2GRS % 720, X v ¥ 2 iR % v CF
T 7 AR R 2 (R 3 C & TR DTE K 2 3538 L, LRetEREBED B 2T~ 3,
3 E Tk, MIsEEE SO HEIC X 0 FE S 02 BIVEEEGERIC BT, ~ 7 X ES
MREICA U 2 L HEMIRBED L ZIH O 2T 5 7280, X v ¥ 2 EERR B 510 28Ik
FRRIZ R 5 BAR T FBZA OMFRAIMNT 21T\, ZREMEIRBE L2 R 2 v ¥ 2]
DHEBEZHFRT WD, H4ETIE, <7 X ESHIIEOEIRMIE BB IC 3 2 SEEE
B 7 B REMEIRBE DAL, MBI FIREBIC I VAL 22 L BRT20, Hikiciks
L7z Btk A v v 2 BERAR %2 o TR IR o AT IR 2 HIf 3 2 < & ©, iR sy
IR RN 1R AE & L REEIREE O BIR 2~ T\ 5. ML ko X 5 i, AFSCIE, 5B 2 &,
B3R, B4 EAELC, MMMESEEELRE e e S 2l 5 C bic k
D, ~v X ESHIlICHN L CRERMEBIER ZFE L, ZOBGERRIC BT 2 BN
REEITIG U 7= Z R REE D SR B 2 P~ 7= b o TH 2 (Figure 1-1). 55 5 FEldfbm
THY, KHRXDFLDHEBELXTBRL T3,
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Figure 1-1 | Outline and relationship among chapters 2-4 of this dissertation. The objective of
this dissertation is to characterize the spatial alteration in pluripotency state of mouse
embryonic stem cells during tissue layer formation.
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21 &5

ZRetkrriiiclL, I ERMle~L b cE 220 °h <, YIHIIRTE AT % Bl
LCHCHBIL T 2881235 2 Lo, Ll oRESREM & L COEM 23 HIRF
INnTwB2-1]. HlziE, %h 'I‘iﬁﬁﬂiﬂ@rﬁiﬁfﬁk?‘%n’:ﬂﬁai ERfifEs — b e LCRBRET
5 Z LiC X 2 HAEER~DICHZIARE X N Twv 5[2-2]. ZRetkapfiie 2 H v 72 el
REEIC B WL, MBIER 2 583 5 72000, MilaEEY % P 2 il haE R i 5
WEHWSE ZERERT 70 —FTH 5 EINTWB[2-3,2-4]. TD X RillfluEs
i i 5 AL, MBS 2 N4 L L Retkrsfil oM A 2 22 b 2 &, #Hillg
EHD» OMBPREEN 25 2L Tnwd eEFEXONS. L L, ZREMEHERIEES A
KO BEE I N2 ZREMEIRIEICIS U T, ZREMERRMIIC O R IEET I 23 & D X 5 I x -
TWLERICDWTIRIFEA LA LT, SHEMIREEIE, ZRetkBfiiao 2 LaE
B D 2B TH 5 720, LHMIRES B BORRE I RIS HELZA L IcT 52 L

3, ZREMEERMINE 2 v 72 L ISR R Ic s W CEHE LFVETH 5.

~ v R ESHMlED L REMEIRBE X F 4 — 7IRAE (naivestate) TH 2 L I TH Y, HIfL
JRHNHIR T (leukemia inhibitory factor; LIF) Zdshl L 72358 T35 2 & T, 4HE
ERHEFFE N Z DAL N T W B[2-5]. £/, F4 —7RED~ 7 2 ES Mlfdix, &
BFRIT 07 7 A AR ZHIEEIC X > TR I N2 A —AERITH L 2 LR
HHNTW™B[2-6,2-7]. —7, 74— 7IRED~ v X ES fllfdix, MEK (mitogen-activated
extracellular signal-regulated kinase) & GSK3 (glycogen synthase kinase 3) @ 2 - D [HEH
ZMZ % 2EIC X V5T 5 2 L THRICIRAE (ground state) & FEIX4L 2 KRB ICER L
X0 E—7HlERE» O I N2 B L CHREN MR T 2 283 TE 5[2-8]. 24
5D 2 ODHREMREICE T 2BEFRET w7 7 4 vid, v v 7w VBRTFRBF
Wr7e &R A GZHFFEIC X 0 BRA IS~ SN T & 72[2-9, 2-10, 2-11, 2-12]. #l 21, REXI

i, BERECEarn=—NTH—ARRHABRDLNE T, 74 —TRETIEES
A 7IROFHNA R BT 2 2 EDBMONT W B[2-6,2-7,2-13]. TD X 51T, LHETEERAM
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MR PRI T v 7 7 A V3 575 2 R OMIERE 3 e S 2 © L X 0, WIS AR
WEFR T B\ 2 FERHR 2o Al e iy PR E oA i 23 BB & 2 RIRETE DS RIR T B
[2-14]. L2*L, ~ v % ES flEDIEIRAE L F 4 — TIREED 2 DD LEEMEIRRED E
DRI IS BT S &8 IR TH 5.

ARETIX, vV R ESHINLOMFRGESRMFIC LV EE 2L REHIREEICIS L <, MY
JRAENI A7 5 C L #MGAET 2 L 2 HME L7z, Z D000, MHIIMT A v > 2 &
B & > CHifaEEE S 2 8 L, ~ v 2 ES MR LI AR 2R
L CRERMMOIR ZFE S 5. A v v 2GR BT, Mg — Bk A B 25 vl RE 72
HIAHIR TN T 2720, M — MRS 2/t L 2@ IR TE R & 1L 5 [2-15].
L7z235C, T DRIV HGETRE 2 81583 1, FERIROZE % s/ NRICH 2 7253

5, LHMIRREICIC U - MBI 2 Bl 2 C L S H[REE 7 B, 2 2 C, KETIR, C
DAy ¥ aEER BT T 0 FIREIC ST, w7 X ESHllldo B JERIRRE & S
A —TIRED 2 DD LEMEIREED RUT T E 2T 5. BB L 4 — 7RED
2 OD%REIRRED TR & L C, OCT3/4, REX1, KRTS (cytokeratin8) % ~— 7 —i&fx
T LTHWTHEIE L7z, OCT3/4 1%, ZHeMEMEREICBID 2 EHE ARG R & LT X<
MHNTWB[2-5]. 72, REX1 I, oo v IEERECIZ T Cofiid cig—ic ¥
BHU, F7A—-7RETEHOMPAFEIL T 5. —J7, KRT8 (X, T4 —7HRED
~ v X ESAHEEMD 5 b, LREVEAMK K ALE MR CHRIALL T2 2 &3l &
NTW3[2-7,2-10]. KETIE, NbD~v—H—BETFEZHVT, A v fEEERE
TR S - BIRBRO IR 2 BIE T2 2 LIt X D, ZHEMIRED X v o 2 iEH
W cofERBIE RO E 2 RT3 2 & 2L T 5.
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2.2 EBAE

221 ¥ 7 X ESHIIED ZaEEHFiEEs

AWFFE <L, ~ v R ES gtk oLv2-1 (kv 7) [2-6], X T, OCRGY (3
e v 2) [2-6]% H\>72. OLV2-1 1%, OCT3/4-linker-Venus 2 & —25) v 27 4 v/
S OCT3/4 BN Z Venus PHIEMINE & L CERE <% 2ifllabkcH 5. OCRGY I,
REX1-EGFP-IB ~\ 2 % — & OCT3/4-linker-ECFP X2 2 —78 ) v 7 4 v X 11 REX1 FH
fifdZ EGFP Gl e L <, 7, OCT3/4 ¥HMile% ECFP [BiEMild & L CiERd <
% 2tk cd 5.

WINOMAEK D, G-MEM (17 4 v 2 feHIEE) 12, 10% fetal bovine serum (FBS;
Sigma-Aldrich), 1 mM sodium pyruvate (&7 4 /L LFDEHZE), 1% MEM non-essential
amino acids (B 7 4 v L HEMZEE), 0.1 mM 2-mercaptoethanol (&7 4 N LHIEHT
#%), 1,000 units/mL LIF (L7 4 v ZHDEMEZE) %N 2 72558 % v CL ReMEHERERS
BxEATo 72, 20+LIF B5EIC1E, Z OFFERIC, 3 mM CHIR99021 (E+ 7 4 v 2 H1E#
4£), 1mM PD0325901 (E+: 7 4 v LHDEHIAR) 2N A2 7858l 2 H v 7=, M, 0.1%
gelatin from porcine skin (gel strength 300, type A; Sigma-Aldrich) T —7 4 v 7' L /-85
M% AT, 37°C, 5%CO,BRIECRTE L 7z, MkfUKEIX, TrypLE Express (Thermo Fisher
Scientific) % i CHllfdZ #AE S &, 2 HEOFEEICIE 7.0x10° cells/em? 1, 3 HF DS
EITIE 2.6x10° cells/em? 1272 % K 5 ICHIIEE EE 2 % L C, Hi7- A& NLICHRTE L 7-.

222 M T X v > 1 & ERDIFS & flfdias

T X v & 2 fEEHER L, =R F OBIER—RADAHNT AT 7+ FPLY R TH
% SU-82 (MicroChem) #2727+ UV 777 4 IC X WE®IL 72 (Figure 2-1). %
F, ¥ U av o FIC 2%gelatin (Sigma-Aldrich) &% 2,000rpm TAE Y a2 —7 4
Y7 L7z, RiZ, SU-82 % 2,000rpm TAE Y a—F5 4 v 27 L, 65°C T14M, 95°C
T3 NER=I L7z, 27T 74 F—=LREFER L7+ b~A 27 ZH 0T, 10
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mW/cm? D¥EAMRIC X 0 12 BEIEEE L, 65°C T1 4/, 95°C T1HM~—2 L7,
21T, propylene glycol methyl ether acetate (PGMEA) IC 3 43f#], isopropanol I 1 43
BRI THEERTo7., vV avvIo RIfFRL7Z Ay v afHEIC o4 mm DR %
[ J 72 Kapton polyimide film (HHRFET) %85V 1), ¥ 7 F VEMEE 2B 7201
50 °C THEIL, A v v afEiEiz v ) av o poiliserz. JEExezAy
voa il E, AR—=HP =L B e6mm DI % [T 72 0.5 mm JED silicon rubber sheet
(ZAH—=ARY =—) Wi 1T, IR XD HE L 72,

AWFFETIE, —470 pum  CRHAFRER 100 pm) DIEFE O H 2508 5 pm DHIFRIC
XVEfEON TV 2 Ay v 2 SRR Z &G L T Wiz, MR 24T 5 Ailic, A v
v o SRR 2 B5E I ERE L, 10 ug/mL laminin-511 E8 fragment (iMatrix-511 silk; = v
t°) / phosphate buffered saline (PBS) /AiIC X Y 37°C T1 Kl —F 4 v 2 L7z, X
12, MRS B 25 1.0-5.0x100 cells/mL (€72 % X 9 I8 L 7= M@ & HE 100pl 2 A v & =
MG B ici# i T L, M2 L 7z, #RE L Z2Mias X v o o flcEE 35 &
21T, 37°C, 5%COBREE [ C 6 KMl D&\ 21T o7, £ DR, A v ¥ a fEiiic i
BCTEFTICETLAMIEZEREST 270, HllUSEE L7 A v & o MG Z BT L Wi
FBMA~EHEL, FILOREREZMA 7, Ay v aBEERICHilZ BE L 2R Nz
Day 0 & ED 7z,

Microstructured mesh sheet

Spin coating Exposure Development Peel-off

SuU-8 2 m Sennn /-

Gelatin |.\ | O ] | | |

Silicon wafer Photo mask In 50°C water Frame tape

Figure 2-1 | Schematic illustration of mesh fabrication and setup for cell culture.
Microstructured mesh sheets were fabricated by photolithography using SU-8 2. Mesh sheets
were reinforced with frame tapes with a punched hole (4 mm in diameter) and then setup
suspended on a culture dish using a 0.5 mm-thick silicon rubber spacer with a punched hole
(6 mm in diameter).
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223 REERLFEEERICL DX N VERREOHE

ZvANEOREBIET 5 -0 Il 21T o 7. MildiL, 4% paraformaldehyde

/ PBS & E AW TERT 30 7fE#HE L CHEZE L, 0.1% polyethylene glycol mono-p-
isooctylphenyl ether / PBS & % F VTR T 15 7MEEHE L THEL 2. Z D&, 3%
bovine serum albumin (BSA; Sigma-Aldrich) /PBS A Z T 7 vy X v 7 %L, 1%
BSA / PBS W% W CHUAZ RIS X & 7. fEdefetaiciy, —X¥ifk e LT anti-
cytokeratin 8 antibody (1:200; ab53280; Abcam) % f\», —X¥ifk & L T F(ab')2-goat anti-
rabbit IgG (H+L) cross-adsorbed secondary antibody Alexa Fluor 546 (1:500; A-11071; Thermo
Fisher Scientific), ¥ 7z (%, goat anti-rabbit IgG H&L Alexa Fluor 568 (1:500; ab175471; Abcam)
ZH 7z, Mg o B, 4°,6-diamidino-2-phenylindole (DAPI; 1:500; D1306; Thermo
Fisher Scientific), ¥ 7z1%, 7-amino-actinomycin D (7-AAD; 1:50; ab228563; Abcam) %
Wi, TI7F VT 47X FORMICIE, Alexa Flour 647 phalloidin (1:100; A22287;
Thermo Fisher Scientific) % F\»7-. Mgz, HLHE L — ¥ — &N BEMBET
FLUOVIEW FV3000 (F V v ¥ 2) % F\vCHUS L 72, E{RALER I 13 Fiji [2-16]% F W 72,

2.2.4 BUIRBENTIC X B BIREBA B D E = M

JERRARRR O RIS U CE Bl 2 1T 5 729, & i BAMER cHUS L 72 = RoTHlifgic
WLT, F v vAnroxnEFNICHELZTD 5 & fELUER % L 7=, BIfE,
Fiji [2-16]® Auto Threshold 77 7' 4 VICEE I N T 3 KEEZHWT, &£F ¥ v 1L
BT 2=Z2RITEHIFORR 7 ELVDE e XA 77 L0 0—2DEZED, T XTD
Z A7 A4 AR L CHBEOBIE A B L 72, Ric, #ilgkk (DAPI & %\ (% 7-AAD)
L7 F v 747 A (phalloidin) OHEIRICZNZ N fECALERZ G L, /70 fE
LB % TN S Z & CERMABPEET 2R 72 V2 RE L. ZOEHREMANT, 8
WHRRDFTE T 2K 7 V% Z JTIANCE R iP5 2 & T, & XY BEERICH L TR
(layer thickness) d(x)%Z K72, T 5T, +RTD dxy) i L TIEZED dx,y)DE &
EIHT 5L T, #EFE (mesh coverage) %KD 7z, F72, FEFED dxy)D %
ko z b, FHEZ (mean layer thickness) %K 7z,
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225 ®UEMILEILY =T 4T

F A —7RED~ v 2 ES MIlEER 2 & REX1-high #MifE#t%E Y —7 4 v 73570
i, HOEEME LRy —T 4 v O RIT o7, £ F, T4 — 7RO~ v X ES Ml & B
M2 & FffE & &, B % F V> Ol e & L <l L, BD FACSMelody cell sorter
(BD Biosciences) % FH\CH#HT L 7=, RiC, HI/EGELYE (forward scatter; FSC) + 7'F
N EATTELELYE  (side scatter; SSC) 3 7' F A DA b lfid & B 3 ERIiCx L < T8
T7 —7 4 V7 %fT>7. REXI-EGFP-high 77— M, 12U ®ICIEHN D~ X ES
fd % F\v»C REX1-EGFP [t — b gD 7284, FEICREL L. vV —T 4 v 7D
fEF o THAILIC X, Flowlo single cell analysis software (BD Biosciences) % F\>7z.

231 EEREBE L OF A4 —7REOMBIIC & 2 BIRKEBI K

~ 7 A ESMildicid, ZRetEtRiEE oI U CEBIEFRIE T 7 7 A VDR,

2% R IREERTFIEL CTH 0, Fric, BEREL FA —TRERLHONATW S
(Figure 2-2A). %HREMEIRFEICIE U7z~ 7 % ES Ml o R IRAMIE B AE 1 2 T~ 5 729,
FIRRAEL 74 — T REED~ T X ES MR X v ¥ o s EoREE L, EIRIETY
REBE L7, ZL®ic, 74 —7RED~v X ES Mg 2 LR ICER S 2720
I, 2i+LIF SefF Okl % 2 [mlfTv, 1B oEEEZT- 72, 2 ofER, RERED~Y
Z ES #ifii¢lE, REX] R CHRILL C\»i-—FH T, KRTSHHEILIZEIZE X - 7=
(Figure 2-2B, left). 74 — 7JREED~ v R ESMlldclx, 2 v X7 oo =—%EK
LT3 OCT3/4+flifiafE &, 2w =—JEPIC e L T\ % KRTSHIHRERED 2 FH O
faBEnBIsk 7z (Figure 2-2B, right). FFIC, KRT8+HIAEIX, OCT3/4+lfaff & (3% 74
D, fREL7ZMIIRE LTk Y, 7, BHMTRIEL T2 2 L BIgE I, JiTif
TEDBEMER L D~ L TWiz[2-7, 2-17]. T4 D REX1 & KRTS % i\ 7= B fE R
& RATIIZE[2-10, 2-13]12 5, FEEIRREL >4 — 7REED~ v X ES flfildic s \wT, B
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ZHEBERTEL TV B L PR TE 2, b, BRREL F 4 — T RED~T =
ES #ifdIiC 351F 2 B 7 2 MfO#F O fFE 1X, Sl Y — X —12 X 5 REX1 DL
DIRHT 25 bR TE, HERED~Y X ESHlE L LKL T, +4 —7RED~< 7 =
ES MfETiE REX1 OREBBMR IR FES 2 & L BHED»® b vz (Figure 2-2C).
AifZETlE, ZnbD 2 oD% HEMIRED~Y X ESHllld%, 2 Zih—i4 70 um DIE
FIBKD X v v 2 fEEHERE W CiEE L, EIRERIER O ZR 2815 L 72 (Figure
2-2D).

Ay a ERM T LT, HKREL 4 — TREED~ 7 2 ES Ml % 2 h 2 ik
FEL, 2i+LIF SefF £ 7213 LIF R W T 3 HEOREERITH T & T, X v v affdld
R EICBEWTER S L EIRAMOTIR B L 72, BERED~ Y 2 ES i,
2i+LIF SeffTld, FiC OCT3/4+HfE 2 LK T 5 ¥ v 7 — F RO MAL L 7- Ak % T2
fX L, KRTSHMMAZIZBIEE X 72> o 72 (Figure 2-3A, left). & OFA7 L 7=/ 1%, Mg
J&% 7 L@k Ch 25 2 & 2%, ZROCFHEERIR D SHEFE T % 72 (Figure 2-3A, left,

A B Ground state Naive state
Ground state (i+LiF) OCT3/4-ECFP OCT3/4-ECFP
1 KRT8 KRT8

Naive state wr)

KRT8
Marker gene expression
C Ground state Naive state D . M%%huFmCh Line width Mesh culture
300 i Microstructured o Sll.5um i
‘ mesh substrate Cell seeding Z/
] 4 J
T ] o 49— e | e
100 ] N |
v
NN W— B e Spacer TR T
|[D m‘ |)1 ';] '(‘ |UE |E: ’(. IO: 103 ‘04 1|)5 \\ L‘ f Tt=‘
REX1-EGFP REX1-EGFP \ ayer formation

Figure 2-2 | Experimental setup to induce layer formation by mESCs in different pluripotency
states on microstructured mesh substrates. (A) Schematic illustration of ground and naive
states, and marker gene expressions used in this study. (B) Microscopic images of the ground
and naive state mESCs. (C) REX1 expression of ground and naive state mESCs cultured on
typical culture dishes. (D) Schematic illustration of mesh substrate setup in a suspended
position for cell seeding, and the cell culture processes leading to layer formation.
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vertical cross-section). —7/j, LIF §&fFTit, FEERED~ v = ES Mg, FEREBIE
FKBETI 230l b L 2i+LIF 5&fF K 0 b IR GEEPHC A v & 2 WSRO H %2 8 > 7223,
MRLIC X > TEDILT W Wil H 2358 2 Al 7o R MR # T L 72 (Figure 2-3A,
right). 74 — 7IREED~ 7 = ES MIfEIX, 2i+LIF 5t & LIF &fFoisics <, 3 H
fITA v v 2 RSO E % 3 CTE -, Hife L 72 kA %2 T2 L 72 (Figure 2-3B).
o o L 72 e KAk L, B0 Ea % b O IREETH 5 2 & 28, = RITHE
2> SRR T % 72 (Figure 2-3B, vertical cross-sections). %7z, 415 D fERAHARIC
BT, KRTs+ilg2s @ikl EFRmcoMmL <, EREMD A D
OCT3/4+lf A FAAE S 2 fEI 2 T X 5 ICHFTEL T % Z & 28, ZRICHimiER 2 &
152 X 117z (Figure 2-3B, vertical cross-sections). 74 — 7REED < v 2 ES #ifid23 2i+LIF
EMHIC B TR T 2 IR IC 3\ C KRTSHERADSTEAES 2 D 1%, MR RRRERF IC 77
7E L T\ 72 KRT8HHIAE2S, 2i+LIF §fF 0 3 HE OB 2R GA THHEFAL T2 7
HEEZ LN, T, BRI 2 CHER L PRI OE R 21T 72 8 25,
F A4 =7 RED= v R ES Mifid s L 72 E IR Z TP L 2 Dic e~ T, FRRED
~ 7 A ES #ifEid 2i+LIF S&fFic BT, KFFTA~DOREDR D72 S 3E N (514 + 2.1
um) MR ETER L T3 2 & 23 ER T E 72 (Figure2-3C). MU ED#EL S, Avva
MEEHEAM LT o EIREMBIE L IC 3w, ERHBEEORRICE T 2B MML 0 B,
B~ DIBHEIFIC 351 2, ZREMEMERISESIFICIE Uz = v R ES Ml D % REEIRRE D
WERLVZT L%, BRI NEERMEBOER2 L 22T L 7.
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Figure 2-3 | Layer formation assays for the ground and naive state cells on mesh substrates.
(A) Discontinuous layer formation by the ground state cells on mesh substrates under 2i+LIF
and LIF conditions at Day 3. (B) Continuous layer formation by the naive state cells on mesh
substrates under 2i+LIF and LIF conditions at Day 3. Enlarged views of the yellow boxed
region and vertical cross-sections at position of the yellow broken line were shown in bottom
panels. (C) Quantitative image analyses for the mesh coverage and mean thickness of each
condition. The analyses for coverage and mean thickness were performed using 4 biological
samples (4 images each) for each condition. Scale bars: 100 um. Error bars: mean + SD.
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2.3.2 EEREBHROMADEE 1< & 2 FEl 4 B WER A

F A —7REED~ 7 R ESHIlED 5 B REX1 Z#FI L T 2 Mkt x, Bfrfkic X
D, HRRED~Y R ESHMILL BETHIET 07 7 A ABFERITIT L RN LA
HMHNTWB[2-13128, HICREED~ 7 2 ES Ml & FALIL 72 MWE 2 /R $ et 23 2
bihd. £ I T, REXI ZFH L T 2 BRREROMIAfEZ -1 — 7 KD < v X ES
Moy —7 4 v 7 L (Figure 2-4A), FEEIREED ~ v X ES M@ & [Ffkic, X v =
WS EAR b o 2 IR 2 TR T 2 2 &0 2 2D © 1. 74 — 7IRED~ T =
ES #ifE2> & REX1 ZXH L w2 fifafitz v —7 4 v 73 2 F81Cid, L ) EERED
~v A ES fifdici i nEE A RT EEZONS, REXI 2 BB L T 3 Mok

(REX1-high #Ifa#t) ZHU53 3729, REXI-EGFP DHEE A EAT 30%F2E & 70 % flla
iR L <7 —7 4 v 7 %4T1- 72 (Figure 2-4B, histogram).

Y — 7 4 ¥ 27" L7z REXI-high fIfERER 2 v o o BHERAMOCIBRE L LIF &0 TR
#fio72E 23, Day3 ik, Mifdic X > TEDLN TR WiH 255 2 ik 7 JE
IR 2 TER L 72 (Figure2-4B). & 51T, OCT3/4 & REX1 ORI IZEIRMMR D 2% <
B I N7z DICK L, KRTS DRILIIBIE X s d - 7z (Figure 2-4B). T 6 DFEHRIT,
LIF 5efF o5 L - KRB ~ 7 2 ES Mllg o6 L AR L T 7z, WHRMEITIC X 5
FERIHHOME R, Mo TFHES (31.8+79 um) 1Ci%, LIF&FDF 4 —7RED <
7 ZESHIfdE I L CHERZZRONARD 728, WEEKIRTELTH B T LHIR
7z (Figure2-4C). LA EO#EE 2 &, REX1-high Milg#tix, -4 — 7IRED~ 7 X ES
Mg & iR L <, A v v 2 fEEER E o EIRMBIZRE ) MK, B2 BVWE b X
WZ AR I NI MR E LT, SRR DK S L5 A4 — TREED < 7 X ES
fifao 5 b, HERE O REX]-high flfuftix, FRERED <Y 2 ES fifdic UL 72
BRE I 72 JE R R RE ) 2 R 3 C L SO T o7z, SO Z &ITE D, Ay v ol
R 51 B eI K I B v Cld, HEREERR D REX1-high MAEHE7 0 Cld A
HEEWE O F, FIEKRED O FEN - SRR AR E 72 % REMIRREIC & 2 MfaHE D
TEENEETH L Z LIRBI NI
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Figure 2-4 | Discontinuous layer formation by REX1-high population on mesh substrates
under LIF conditions at Day 3. (A) Schematic illustration of cell sorting to obtain REX1-high
population from a naive state mESCs. (B) Microscopic images showing discontinuous cell
layers formed by REX1-high population at Day 3 under LIF condition. Enlarged views of the
yellow boxed region and vertical cross-sections at the position of the yellow broken line are
shown in the bottom panels. (C) Quantitative image analyses of mesh coverage and mean
thickness for each condition. The analyses of coverage and mean thickness were performed
using 4 biological samples (4 images each). Scale bars: 100 pm. Error bars: mean £ SD.
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2.3.3 BIREBIEKICE TS M4 —TREOMIEDEFS

FA—7IRED~ 7 ZESHIIEA ED X 5 i 2 v v 2 EERAMR < o FIRERR K I
HELTCWE2%EH~R270, 74— TRED~ T % ES Mild % k3 2 MifafEo 5 &,
AL LT OCT3/4+fildD 2 v = — 2 LN CTRAEL T 5 KRTSHMlilLICEH L 7%
(Figure 2-2B, right). % 2T, 4 —7{RED~ v X ESHla% X v ¥ 2 s iR E©
LIF e TisE L, JEIRMHMBIEBGEFED 6 hours, Day 1, Day 2 IC351) % AR &
KRT8 D7 % @55 L 7= (Figure 2-5A). & 6 Rtz <, MlIZ A v v 2 bicEeg
LTHY, Ay vafibEo—&cldizig 803 E LT\ 72 (Figure 2-5A,6
hours). %7z, DAPI & phalloidin Z 2 7=Mllgtk L 7 2 F v 7 4 7 & v b 04§ 2>
b, AvvafEEii bic, fildic ks TEDL TR WIE K- T3 2 & 23HHE
KHERTE /2. CoBEDbDNL T WilHICE T 2 Lo T, KRTS+HHIIEA A v & =
B> THEL TV LORBBICME L TWwd 2 & PBIE I 7. Dayl ICBWTIT,
JERALRR T BHIE O E X £ CHRE L TH D, OCT3/4+IEIC X o TR & 7z Ll 4y
JEFHIE DR Y % KRTSHIIIEA 0 T 2 2 & A X 7z (Figure 2-5A, Day 1). mw
2T, A vy afEERo T TofE D, Mldic X o TR E L E IR
THEbNL T (Figure2-5A, Day2). BHRMENTIC X 2 E &<, Day2 THERD
1Z1E 100%1C 78 o TV 2 —75C, JBIRHRED TH)E X 1 Day 3 ¥ CHINN LT 72 (Figure
2-5B). ¥ 7=, Figure2-5C THR.5#3 X 9 ic, KRTSHHlIE2sfL D JEFH Z B Y A TH Y,
KRT8 D7 7 F VIBHEDRST 2 F v 7 4 T AV FICHARTILSFEELTWZ, i, 1L
DJEFHOMATIICIZ, OCT3/4 ZFHBEL T WD FEEL TWwiz, b OBIZEE
&, KRT8+HlifiZix 74 — 7D~ v X ES Mt 5 b LREMEMK Wit <5 % [2-10]
L aBE 2D L, KRTSHMAEA A v o 2 fEEHAR b < ORI K O BXE) ) & 7% o
TWwWaZenEZONS, Uz ths, Ay yaffEERK EcrH 4 -7 REo~y
2 ES il 23 fERAHAR 2 T 5 2 BRI i, i H 2 78 5 @2 T4 U 2 LD HIEIC B3 T,
KRTSHHIAL S ERE) /] & 7n 5 T\ B T & AURIB S L7z,
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Figure 2-5 | Layer formation of the naive state cells comprising KRT8+ cells on mesh
substrates under LIF condition. (A) Microscopic images showing the mesh filling process of
mESC layers on mesh substrates at 6 hours, Day 1 and Day 2. Enlarged views of the yellow
boxed region and vertical cross-sections at position of the yellow broken line were shown in
bottom panels. (B) Quantitative image analyses for the mesh coverage and mean thickness of
layers at 6 hours, Day 1, Day 2 and Day 3. These analyses were performed using 4 biological
samples (4 images each) for each time point. (C) Confocal enlarged views of the yellow
dashed-lined boxed region in Fig. 4A, Day 1. Scale bars: 100 um. Error bars: mean + SD.
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24 E®

KWFgEcl, HICIKREL 74 — T REED~Y X ESHIlI% 2N E N A v o = fEEER
kT3 HEEEST 2 LT, BIRMEBIEKEE) & g L 7. BRIREED < v % ES #ifd
&, FA4—=TRED~Y X ES Mg S Y —F 4 v 7 L7z REX1-high fifERE i, & i
3 HRE OB ClE A v v 2 EEROME 28\ % 537, i 72 B IR Z TR
Liz. —F, 4 —7RED~ v 2 ES #ifdid 3 HUWIZ A v & 2 BEEHN & 3~ &
v, o L 2 IR 2 TR L 72, BEE Ak L 235G, RIS X S Ic kR LEH
FIRTES LI EZLNDL, AW, ZRetEREBICIG U<, KA~ HEE %
BOGRPOMHBKET 2RIV ELRL 2R LEbDTHD, 3HEDOEEICE TS
JERAFIE K BE ) DR Z TR L 72b DTH 5.

KRT8HE % &1+ 4 — 7IREED ~ 7 2 ES Mlfia2s 2 v o o i b o E IR
TRIEERES) %2 s L 72 B2 R & L €, KRTSHlif A3 @ L 7z itk %R L, fLoEFIC
TF VIR FEI v R L E A LND. ERRIC, 77 F vilifEr & D PR
747 AV ML, SEITEAMEICE W CEEE R ROREZET 5 LA
LINTW35[2-18]. F7z, v v AL DO MFEEEFEIC BT, KRTS 23 NHI— SR 4
DPRESCHF N LEEOHRICERETH 5 Z L BME I N T W BH[2-19, 2-20]. L7
BoT, TNLDPIs, Xy v afEER Lok IC s T 2 E 25 5 &
FRICB VTS, KRTSHMfU S EE & EZH o T 2 A[EEES "B I NS, LarL, K
Wi Tlx, KRT8 OFEBRZHLTRE LTI TE 5/ v 7 4 v~v X ES filatkz H
WCRLVY =T AV ITRTATA A=YV I EiT 5 BHEEL o722 b,
KRT8-+HH A 23 RALARIZ B I M E 3 F 5 2 BRI 2 L I3 TE b o7z, 272 L,
B D FATHIZE[2-19, 2-20)ICEE DV IE, A v ¥ a &L clZE I n-7r 7
F VilED FEE X, ~ 7 X ES MIIEIC X B invitro T D MBI BOEREIC BT,
TR AR BB ICIG U 7= MR E @i D A /1 = X ARBIC B ¢, HE AR CH 2 nlhE
HERRBINT NS,

AWEFE </ o 7z RRAEBIE R, ACE T~ DR RIC X W RE S hTnwb L%
A5 ENTES, FHE, Ay v a WG LT 2+LIF FfFic TifE L 2 ERED
~ 7 A ES #ifdix, 3 HREOFE G L 72 R (Figure 2-3A, left) #TE L 7= C &
25, KFEHFHE~DHBKEDLRENTH o722 LB bH 5. g, Ml — iR
BICXZEEPEMTH Y, KVPTH~OMMER LY b, #lEFELAEICEEL S
LT AMEBENZ D LEEZLND, —F, A v ¥ a fEEHR T LIF &R ic ThEE
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L7z RRfED~ v 2 ES flifase, 4 — 7RO~y R ESHllE» by —7 4 v 7L
72 REXI1-high MIfEEEDEE L, HIEIC X > TEDOD LT Wl H 2355 2 AEfe 72 Bk
AR (Figure 2-3A, right & 2-4B) %R L 72, & oAEE 7 AR 12, fI57 L 728k
K & He L TR T I~ DK R B CH 2 —77, HH 2 5 X CE s L 728
A% (Figure2-3B) & HEZL T, LM 3 720 DMK EDS+ 0 Thir o722 &2
RBENG, LEE 2720 oMK E I, MR X 2 MR8 % 2,
Lo DML DRI AT 2 2 & A ETH 5., MlasgiEIC X 2 R E 2 &% 7
2 7=0ici3, HEEIRED~ 7 % ES Mg REX1-high MAEHEIC 351 2 MREHA % sam 5
ZRENH L. FATERICX Y, REXL /v 2777 b~<=v X ES#lldicksnwc, MiaRE
HIcBL 2B TORBEMET T2 ERARINTWB[2-21]. T DEITIFZE X REXI]
7T MCX Y MIEEASEL 232 ERRBLTEY, KFJED REXI1-high #l
faftic BT, MBREN DT 2 2 L %FHT 2 2 L 3EL . Lzt - T, #HillafE
Hic X 2R OZRIE, AR CIIFMICEE ST L3 TEhrol. £, 1l
DEAFOMIEDIES IO WTIE, ido Xk Hic, FIF ViloREIC X WV ERTE,
F A = 7IREDOMILIC BT 2 R BOEREZ SARRECTH 5. LEo T &h b, K
WH9Eic 13 2 R K RE /) 0 72 51, TEIRAHRE GEAR I 3510 2 fllas & KT
]~ D AHFR A R OBAfRIC X 0 BREC % 2 W[REME IR X Tz,

— i, FEIREED < 7 2 ES M, 4 — 7REEX » ¥~ MifluENTH Y,
FE DOMAETE~ D LT & 1T o 22 BRI iR — o Uil R 3 S b 5 2 & A
5, YOVEFLWHHEEERETHZ LI NTERZ[R22]. LA2L, AFECTRLAEZLD
i, X 0¥E—nEHTH L ERED - R ES e, F4—T7HKED~Y X ES M
R Y —7 4 v 7 L7 REXI-high MAEHE X Y b, KRTS+HHAELZ & Lo A s — 2 i faRE
ot FA—TRED> Y X ESHIIED T2, FERABIZEEI A3 G\ L A3bh o
7z, ZREMEIRRBICIE U 7= I RAHARI AR T D 22 % X O ICHED D B 72011, 3 HiE%
B 7RI EIC L 230 R 28RN0 ETH L, ZOBBEICEWTE, Ayva
MEHERIC XV ZREEkEZ b 02T s et RicExbNE. LdoT,
RIS IC X Y MilREERIC s T 2 LRt RO R~ c e B3FExoNn s 72
O, TOFEETMT 2 LB0EL RS S, FHEkIC, F4—TREDO~ T X ES#ifid
EHIC BT 2 A48H 0 &0 X 5 IERABIE R ICB b o T 200 %6210 T 5
7=, MHZE 20 O R 2 T 3 281 510 2 fllE) e o Bz, Ml
IRICEAD 2 BIZ T ORBEN 2 E%ATV, AN XL EWHLPICT 22 EBRETH
5.
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25 &5

KRETIX, vV R ESHINIOMFRGESRMFIC LV EE 2 L REHIREEICIS L <, MY
FRRESI SRR 5 & #WREET B 728, A v ¥ 2 RS EAR & i ORI 72 ALK R %
T RO ZHE L, LRtk DE 2 Ji~7-. ~ v R ESflifldo F 4 —
TIREE & HJEIRAE D 2 D DL REMIRRE IS U 72 B IR IE I 0 2 B A2 FAR B 720, A v
v 2 SR X0 IR R 2 55 L, RS @R O IR 2 I L 7=, 3
HERGE L 72558, B o il i A 2 R 2 T L 7= —J7 ¢, 74 — 74k
eI E %2 3~ TE Ve L 28R 2 TR L 72, £72, 74 — 7 ke DMl
DIERAMIZ BRI B Cid, MEZESBICEL 22T X 51, KRTS FEHM
Fasr 7 F Vil FEE I T 0TS, REHERERIC L VBEcE L ol
L5, KRT8 FBUML S ERAMIER IC 51 2 H 28l 2 @82 1c%H 5 LT 5l fg
MR I i oz ern, BEKED~Y X ES ML L, KRTS FIH
laftz &L+ 4 — 7 REDO~ v X ESHlED 725, A v & o kgt Fics T 2 @R
BICEEN BB L RR LTz, 2D &, MR OFEEICE W THREHIREED %
REVETHZZ R L TEY, LMz RS 2 L cEERAMR SN,
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E3F

2 INHEBIZ AR S 5 ZREMEIRAE D 2L

i

3.1 #&&

Zaeterriie o M U CHATIZ I 2 3558 9 2 BRI, invivo TORFEAEE % 5
3 27010, ZRICEEREICE VT 7 F AN T4 EOELENR T O 217 5
T L%\ [3-1,3-2,3-3]. THOELENRTICM A T, Tz e L 72
BgERZ v, BREoItE, KRR, BEEE X — v 7 & ofileEs 5 % Hh i
T 5 2T, MBEEGETRRIC BT 2 0 UIE ORI 26 L 704 © BRI = B, 37
AR DIE R S FHE I NS Z & A ME I N TV 5[3-4,3-5,3-6]. L7=->T, H2ET
L7z X900, LREMAMERGERE W2 &R ich u» T, Ml T A v & 2 MhEHER %
TS5 0 FEi 0 & % i L T~ 7 R ES #ilE 0 ERAKIE K 2 558 L =541
b, MHARRE LB TR LN O LB 2L EEREOZEL T D Z 2 23F
Abhd., Fi, T0X) hEREEREOZICH Y, HluBiRE»Zk+s LT, H
R I T RHARR DT DE U 2 ATREME RSB 2 b 5. FEERIC, X v v 2 EERR % v
Tt b iPS iz RIAMICHE 0 558 L 2356 13, KETMIMIE 2 & & 2 2k o
SRS E B 2 L ARTIIIEIC X VIS I I N T W B[3-7,3-8]. £ 2T, &
BT, A vy aBEERE W EREMIERICE T, BRENGZSREEIREDZL
CEH LT, HEEGERE OB LB R RNE(LOMBENIRIT 21T 5.

~ 7 A ES fifEiL, ~v X OYIHEIEAEEREICE VT, Wi 3.5 HOMEERIC 1T %
WEBHIAEEE 2> LI S N L REMIREETH 2. MESEIR L 728, Pl o v 7 5
A b UFIRHSMREE) ~ b3 5. BIREZD MR 6 HOIFEMICE T, #llo e 7
7 A M5, WRIFANEMAE (primordial germ cell; PGC) 23HIER T % [3-9]. #RJFEAETHHMIAY
1%, b WO AN RS oM TH b, FFiC e MR AEREMIIE 2 v 72 9T I fm B
W BE D D RG TlEd kWi ®, ZREMEEEMIE 2 4G )F A M %2 /E 8 2 ik D FiF
1%, B EREYFOmE ICE W TEEL ko TWwa, RIS, <7 AL EEMESHY
B XU b L Retkaeiie % an ) A SEM AOARAI AT ~ & o0k & & 2 T, VIR T A
ICB T 2 LR oS E 2 B L €, BE RS2 AT 5 C i X W BRicHEZ S
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THY, FHAMIE~D X L2 20b 2 FHET 2 FiEbHFE I LT 5[3-10,3-11]. —
7T, = v ADYIIAMFEAERIC B T, RN IR EE S HIIE e IC B A
e epmEI N T3 [3-12]. Fric, #RJEA GBI O B 2 HE 3 2 A
B OTZHIC BT, MNP RERFLG L Twd 2 eRREINTVS[3-13]. L
2> L, ZRetERMAE A & hh R AR SEM AL~ 0 U EFEEIR 10 B v ik, LB X v 1E
B 72 BB R 72 LR E TR TG SN CTH 6 7, Miluks 5 o Fi RN
TIHIRRER & D X 5 B E %R RITT I 2T S 2> T,

RE T, MIEEEES OFENIC X ) FE S 0 2 BB EGEREIC B W T, ~ 7 R ES
MRICAE L 2 Rt REEO (L ZHL 2 ICT 2 2L 2HNE L. 22T, 9, 52
BICBWCORLEL I T, 74— 7RED <7 2 ES Mg 2 B L A v & = #EdEER
EciiET s e, BREBOEKZFES 2. Xic, EIRMMBOER E =1, 5
B L 25 E IR N A R BT 5. b, T o—#H oM GERE
IC B 2 BIE T RIEC ORI 21T\, ZRETEIRIBICBID 3 2 v X7 H o R %
BB LT, LHREREBCEPECTWE I L EZRT,

3.2 EBIITE

3.21 ¥ 7 X ES g Z e iFiEs

AffFETiE, ~ 7 R ES Mfatk E14tg2a (LN 2) [3-14]2 H v, G-MEM (&
+ 7 4 v LFEHIER) 1T, 15% fetal bovine serum (FBS; Sigma-Aldrich), 1 mM sodium
pyruvate (&1 7 4 v LHEHIEE), 1% MEM non-essential amino acids (&7 4 /v A
HeAfEE), 0.1 mM 2-mercaptoethanol (&7 4 A L F1EAEEE), 1,000 units/mL leukemia
inhibitory factor (LIF; &E1t: 7 4 A LHEHIEE) %02 725580 % F Vv C L BeEAERi R &
#7172, MfEIE, 0.1% gelatin from porcine skin (gel strength 300, type A; Sigma-Aldrich)
Ta—7 4 Y7 LREIEZHAWT, 37°C, 5% CO, B TR L 72, #{REFIX, TrypLE
Express (Thermo Fisher Scientific) % Fi\» CHllfd % FEfE X &, 2 HEORFEICIZ 7.0x10°
cells/em? 1T, 3 HEDOEFEITIE 2.6x103 cells/em? IC 72 2 X 5 ICHIRIR S 2 % L <, #7-
BB NI RERE L 72,
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3.2.2 WMIIT X v 1 BEERDOIFR L flifgits

PRI T A v > 2 SRR, 58 222 THCOR L2 R E O TERIL /2. AWfgET
X, — XML 50 cOEROME ME S pm OMIFRIC L VIEIEShTE Y, ER0RE
W ARREDS Z N Z 100 pm, 200 pm, 300 pum TH 3 3FHEOH A4 XoMHEZHT 3
Ay v a fEEHIR & GG L CTH Wz,

MIREARRE A 1T O AIIC, X v ¥ 2 SR Z KB MICERE L, 10 pg/mL laminin-511 ES
fragment (iMatrix-511; = > ¥’) / phosphate buffered saline (PBS) ¥A#IC X U 4 °C T 12
Bl Ea—5 4 v 27 L7z, RIZ, 200 pum D X v ¥ 2 SR~ %2 B 2 54
i, MNEEE DS 4.0-8.0x10° cells/mL IC 72 5 X 9 ICFHEL L 72 A &0 100 uL %2 X v
o REEER LRI L, M2 R L 72 100 pm 35 X TV 300 pm D A v & o b
AR~ 2 BT 2 581, B O A XITG U CTEERIZNT 5 720, il
SRR 100 pL i & TN MlaEE 2 N2 0.5 5 (2.0-4.0x10° cells/mL) & X U8 1.5 fF

(6.0x10%1.2x107 cells/mL) ICFAR L 7=, #FFE L 72MfEA3 X v o 2 fICEE 35 X 9 1C,
37°C, 5%CO BT T 6 MO ELZTo 2. 2Dk, A v v aMHEHEKICHEE ©X
FICHE T L2MilezbRE S 2 720, fllaAEE Lz X v o 2 FEEER 2 87 L WL~
EBEL, FILOEEREMA . A v v 2 fEEHOIC I % & fE L 72 FF % Day 0 &
E®T-. Day3 D REELZ M T 2855613, 2, 3 HZ L ICHEREZ ML 7-.

3.2.3 BEENLLEEEI LD RV NIERBOBRR

AR, 5 223 HCR L2 HEEZRAW T 72, RIEHOEREICIE, Table 3-1

IR L 7e—R Ptk & XY iRz w7z, Mg o4l 4,6-diamidino-2-phenylindole

(DAPI; 1:500; D1306; Thermo Fisher Scientific) %, 77 F v 7 4 7 XA v F OFAICIT
Alexa Flour 546 phalloidin (1:30; A22283; Thermo Fisher Scientific) % f\>7z.

AR L7z, 94 74 X— v 70Cid, A= A4 v 7 v 8BRS BZ-X700(F — = v R)

ATV I vF aR—X—INUG2-KIW CEifgt v ) ZH 72, BRI
Fiji [3-15] & Imaris (Bitplane) % 7z,
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Table 3-1 | Lists of antibodies used for immunofluorescence microscopy.

Primary antibodies

Gene Dilution ID Vendor

STELLA 1:200 ab19878 Abcam

AP-2y 1:100 sc-12762 Santa Cruz Biotechnology
BLIMP1 1:50 14-5963-80 | Thermo Fisher Scientific
DAZL 1:200 ab34139 Abcam

OCT3/4 1:100 sc-5279 Santa Cruz Biotechnology
NANOG 1:200 ab80892 Abcam

Secondary antibodies

Name Dilution ID Vendor

F(ab')2-goat anti-mouse IgG (H+L)

cross-adsorbed secon antibod A-11017 . .
Alexa Fluor 488 dary Y1 1:500 or A-11018 Thermo Fisher Scientific
or Alexa Flour 546

F(ab")2-goat anti-rabbit IgG (H+L)

cross-adsorbed secon antibod A-11070 . .
Alexa Fluor 488 dary Y1 1:500 or A-11071 Thermo Fisher Scientific
or Alexa Flour 546

Goat anti-rat IgG (H+L) cross-

adsorbed secondary antibody 1:500 A-21247 Thermo Fisher Scientific

Alexa Flour 647
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3.24 DNA YA 7 A7 L A & 2 BT RIBOMENBT

M D total RNA X, ISOGEN (= v & ¥ ¥ —v), chloroform, isopropanol % F\»T
RNA Z & T /KE %L L 721%, NucleoSpin RNA (X4 754 4) %W L <
Hi L7z,

DNA ¥4 27 a7 L 4 f#f7ic i, Clariom S Assay, mouse (Thermo Fisher Scientific) %
Wiz, FEFTICH W23~ 7 v, dish-cultured mESCs (7 =3), mesh-cultured cells at Day
2 (n=3), Day3 (n=3), Day6 (n=4) & L7 ~478v7LABIERCHTZIE
FACALER & #GH#AT I 13 Transcriptome Analysis Console (TAC) 4.0 (Thermo Fisher Scientific)
% , gene ontology (GO) enrichment f# #T IC I3 DAVID Bioinformatics Resources 6.8

(https:/david.ncifcrf.gov/) [3-16,3-17,3-181%, BEfEII 2 7 A% ) v 7f#fT e & — b= v
ZYERKIC 13 Multiple Experiment Viewer (http://mev.tm4.org) % % ILZ LW 7z,

3.3.1 MM ERFEEICH 5 BIEMOIREL

FLwic, Bz 4 XoMHEZET S Ay v a &K E AT~y X ES g%
B 5 L CHETER ZFE L, BRI O T 285 L, MR Z L 7-
(Figure 3-1A). WD 79, EF O I AMEAZ NZ 4 100 um, 200 pm, 300 pm
TH 5 3HHEDOHEEY A XD X v & 2 EHEMR A 72, #8H I < TIEF TR
72, Day0 Tli, WTFNOMEEI A XD A v o afEERIcENTY, 2va
BEICEESE LB 2138 A 88 5> T\wind o 72 (Figure 3-1A, Day 0). Day 3 IZ
BT, EYA XN E WA Y > 213 ETREFIC RS S Tn 7228,
100 pm D A v ¥ 2 BRI B THHE Z T X THE> Tlid\wind o 7% (Figure 3-1A,
Day 3). Z® 100 um ® A v ¥ 2 fEEEANR L, FH2 B THOAZ A vy v 2 fEEERK X D D
RKERMEEEL 5720, F4— 7RO~ v X ES #ifid % v C LIF 5&fF chiE
L7zEaTd, MBEZT_CES 2L idn, @il @RI S ik r o7z e
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Exbhd, FivC, Day8 & Cibfii L THiET 2 &, ERMBAEARZEL, Ky I
3o T2 TR D IAARMRR Z TR L T 2R 23815 S 7z (Figure 3-1A, Day 8). FFIC,
100 pm D A v ¥ 2GR & 13 E= 2D, 200 pm & 300 pm D A v > 2 SR TR
JERAAR D —FE 2> & F— ZARD AR TEL T LT 5 2 e 3Bz, AT,
ILICEELRHT S L, FNICERKROTHRMMBSTER T 15 Z & 23B 5 7z (Figure 3-1B).
Z DERIR D7 AMARIZ, phalloidin ZFH W27 2F v 7 4 7 AV FOBEICX Y, #Hu
HIBHMTDH 5 2 L b o 7.

Ay v a EEHR ECoRBEIC XV FE I NI ICE T 5, BIREEE P-4
IR DTEEL & v 5 —H OFRIZARZAC 1L, LIF Z IR0 L 7= % RetEHER RS =R 2
WTWB T Ehb, BEFENRTIC X 2 EEFECld R <, MlaEE s o X v &
Ut%@f%%&%x%hé(ﬁym&&w.%Cf,C@uhmkﬁéﬁﬁ%%%ﬁ
LABETE7-0, EF A4 XA 200 pum D X v ¥ 2GR %Z W<, <7 2 ES #ll
Nl D MR BOBIR I 351 2 AR D TPARZE M 2 BIZE L 72, A v & o W@~ o 17
ERICBIZE L 2R3, Ay v 2 BEERCRRE L 2/t 5 5%  offildizg c& 3
ICHREERIRANICE T LTz, Ay v ol IS T 2/l e Bicin - TiEL
Tz (Figure 3-2B,Day0). A v ¥ =it E oM, B85E L 72 & flife — ffafEs %
MLT, REFEICA Y v afOFEL R OHHEH 2B WIR®, Day3 HICIT A v & 2 fhEH
WD —F ORI T, FAE D E A DR Z TR L 72 (Figure 3-2B, Day 0-3). #5#& %
MBed 2 &, MAHZEBEMBHR TR E 2B A 2 20, MlBEEA2ES> 0%
1E®, JERMFRD —EBDJEHR 238 L T KR F 238128 X v7- (Figure 3-2B, Day 3-4). &
51C, Day 4 b Day 6 1IC2>1F T, JERAHMED —E 2322 L T F— 2RO LR HH% % T
JX L 7z (Figure 3-2B, Day 4-6, yellow arrows). JEA X #1172 F — Z0RAARK D =R IT FEHEEE
B, T7F v 747X FBFEL ZEHHIEOE 4 o kA2, EohZE o
EEBRLT0WE I ERborodz (Figure 3-2C). 72, T7F V747 AV FEIF—L4
OWMIER L Y DIMIUERH TV FEL TV AREFABZEINE. ThHbD F—ako
SRR IE, A v Y 2 EER O Bl E TMOMTTICIER T TEH D, f§ 200-400 pm,
& 50200 um FEEE DK E X2 HF L Tz,

PlEoXoic, Xy v afiEiii bco~y 2 ESHlifdoiiic Xy, ERMAKOE
JRAFHFE A, I oICHEELMET 2 &, RO —H23 22 L T F — 2R 7441
ORI NG Z &b ot 20k RO Z I, LREMEIRIEDZEL
DEL TV AREMEDE 2 b5 720, DUECILER TR BIZL O MFRRY T 2 1T,
ZDZALZBH L 2T 5.
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A Day 0 Day 3 Day 8

100 pm

Minor axis of mesh openings

Phalloidin

Figure 3-1 | Tissue formation induced by different sized mesh substrates. (A) The comparison
between 3 types of mesh substrates at Day 0, 3 and 8. The 3 types of mesh substrates had
different size of mesh openings which had the minor axes of 100, 200 or 300 um. The cells
could form cell layers more easily on finer mesh substrate at Day 3. The bigger and clearer
dome-shaped tissues were able to be generated on the 200 um mesh substrates. Scale bars:
500 pm. (B) The morphology of spherical cyst at Day 11 shown using confocal microscopy.
Scale bar: 200 um.
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A

mESC Seeding  Adhered cells on strands Cell sheet Dome-shaped cyst

Day 1.5 Day 2

Day55 Day6

Y
Phalloidin

Figure 3-2 | Tissue formation of mESCs cultured on microstructured mesh substrates. (A)
Schematic illustration of mESC culture on mesh substrates. mESCs cultured on the suspended
mesh substrates formed cell layers and dome-shaped tissues. (B) Timelapse images of mesh-
cultured mESCs from Day 0 to Day 3 and from Day 3 to Day 6, taken separately. Cells on the
mesh lines proliferated successfully and began to fill the mesh openings to form cell layers by
Day 3. Between Day 4 and Day 6, dorm-shaped tissue formation occurred on the cell layers
spontaneously. The yellow arrows on the image at Day 6 indicate the generated dome-shaped
tissues. (C) Confocal and 3D reconstructed images of a dome-shaped tissue at Day 6. Scale
bars: 200 um.
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3.3.2 BWWHBI AR ICE T 2B FREROEN

Ay a fEEIRIC X0 FHE & B AP BORRRIC B v T, LIF 2L 7= % RE:
MR EREACTE Y, AL PNRTFIC X 2 0MEFEIC X 2 DD TIEARW I LA b,
~ 7 A ES Mild ozt d 2 NHEREEE 2> © Fs4: nlRE Ze Ml R 41 & FEML L 728 5T F
WEABEL B EnTPHRING, 22T, A vy aWiEdRIC X ) FHE X 2 MR
BOBRRICE WTAEL 2B TRIAZLEF 2729, 200 um D A v ¥ 2 &R % H
VT LIF F#fFic T L7274 — 7RO =7 X ES Milgicx LC, DNA =4 7 mu7
LA & v 7285 AR ORI IET 2 17 o 7. B#bTIC IR, BEEMLEIC T LIF S&fF
THREMMEFF B #1772 DishmESC (n=3) #a v ru—nt LT, Xv o afhEik
W CH5#E L 72 Mesh Day 2 (n = 3), Mesh Day 3 (n =3), Mesh Day 6 (n = 4) Offiid% v
7z. 2T, Day 2 ZREIRHBIEZ OVIIABES %, Day 3 (ZJE IR CPEAZIE L
7eBlE%, Day6 (3 F— 2RO ZFMBZIZKRT 2 &fE L L TED 7.

DNA =4 7 a7 L A f#tfr D45 HE 2 5, DishmESC & Mesh Day2, MeshDay?2 & Mesh
Day3, MeshDay3 & Mesh Day 6 @ 2 BEfEIc 51 2 Z 112 11D fold change IC D &,
BBKE S ER L7 BAL 50 851 % Table 3-2 1C, FEHIAKE AKX L7z B 50 #{s
¥ % Table3-3 1C/n L7=. Z DGR, KE S RBHEENL BB TIL, 4oz o
2HHICEVTRE>TWE e Bbholk., I5IC, —TTRESEIITIC X 5 4 BHH
Wi z1T->72& 22, P-value < 0.00001 Ziifi7z 85113 1,287 fdH H, T oic, Zh
b OBEIEFICN L CREN 2 7 A2 ) v 7fi#ilT (Pearson correlation and average linkage,
distance threshold=0.35) %7572 & & 5, 8D 7 7 A & — I ¥ X 117z (Figure 3-3A).
Ay v a BEREIRIC 510 2 HEIERGERR IC B W T, BB EA SR o W BIR TR
7 AL =1V IZ, BEUK T30 O N8I FRHEE 7 7 AX —VIVIL ICEEN T 5.
IHIL, ZNENDI TAZ—ILBWT, 7 7AZX—ICEHEETNLERTFICHL T GO
enrichment fEHT %17 o7z, Z DGR, Fic, 7 7 2% —1, 11, 1I, IV BT,
“G0:0050793~regulation of the developmental process”, “GO:0003006~developmental process
involved in reproduction”, “G0:0022414~reproductive process” 7z & D & iR - A JiE 1 B
D% GO term 3% < it E 417z (Table 3-4).

RIT, A v afiEiii o~y 2 ES Ml RN SEEFRRA L E WL it 57z
DIC, v 7 ZAOYIAMRFEEICEED 5 ~—H — B FORBRZHF=. Lo, =
~E ML L MfE R 3~ — 1 — B T [3-19) D RBE L Z e iz & 25, Ff
B 22 SRR (3SR T & 7> o 72 (Figure 3-3B). fit\»C, ~ 7 2RO EICE
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WC, ES il oIt < b 2 NEHIIEL 2 - 7E 3 2 iRl 3.5 H o ii&RE 2> &, AR5 AEb#
a2 I3 2 i 6 HOUNfE I £ <ic IR $ 2 SMife R4 o~ — 7 —BinF oM
AR FART-, = OFER, ANEHIE R~ oI B b %~ — H —iBI5 1[3-10, 3-20, 3-
211¢ LT, BLIMP1 (Prdml), AP-2y (Tfap2c/Tefap2c), PRDMI14 % Fuls & L 72 4G5 A5l
R DEREHIE A v bV — Z7[3-201IC & T 5 8L IS RIRAL 2 52T & v7- (Figure
3-4A). Fric, WERAEME O~ —H —BIETTH S Prdml, Tfap2c, Prdmi4,
Dppa3/Stella/Pgc7, Kit, Dazl DFEIPEHEIC (P-value<0.00002) LR L T3 L 23b
2o 7= WTh, Tfap2e, Kit, Dazl 1% fold change T 10 LA L ICFIR LS L T 72 (Figure
3-4B). F 7=, tnEAETEMRGMLIc B CREAIIH S S 2 A ST 5, DNA
A FAL & AT 2 BE T EHE LI B D 2 3851 [3-10, 3-20, 3-21]D FIREZ{L %
7= 2 A, Dnmt3b, Myc, T i3 foldchange T 10 53D 1 AN IT/ET L T/ (Figure
3-4B). L L, Nanos3, Dndl %, invitro THRIFAGEMINE % VESL L 72 Je A THFE[3-10, 3-
20]0FER &R Y, B EAZRIT, [ROFEH LR L /2 (Figure3-4A). —
F, PIIER A I B CHRFEAEMIE & RIS 2 v 77 2 b, JFRIAAIREE,
KEBINRE D~ — 71 —BIE T[3-10, 3-22, 3-23|DFHREL TR 2 5, FEA L5
RZACIIHER S Lin 2> o 72 (Figure 3-4A). Iz C, ~v R ES il %Rt~ — 7 —if
RV TH 2 PousSfl (OCT3/4) I3HE I Z R X T, Nanog, Sox2 \¥FEH LA %2R
L7z (Figure 3-4C). T b D% M ICEED 2 BIE T2 BRAETEMAEIC B W T D mu
WARTZ L, BTHEB-10lIcBVWTHBIEINL TS, Lol b, Avva
RGN LR L 72~ v X ES Mg, % ORI BGER I 5\ T, MR ATE
fk DB FRILERT Z L RZAL T L 72,
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Table 3-2 | List of top 50 up-regulated genes and their corresponding fold change (F.C.) values
compared between; dish-cultured control mESCs and mesh-cultured cells at Day 2, mesh-
cultured cells at Day 2 and 3, and mesh-cultured cells at Day 3 and 6.

Mesh Day 2 / Dish mESC Mesh Day 3 / Mesh Day 2 Mesh Day 6 / Mesh Day 3
Gene symbol F.C. Gene symbol F.C. Gene symbol F.C.
Aldoc 16.8 Zscan4f 5.07 Serpinb9e 25.83
Ndufa4l2 16.18 Tuba3a 431 Arhgef6 21.41
EgIn3 13.28 Assl; Gm5424 3.73 Gm11397 16.51
Bnip3 12.45 Igf2 3.67 Serpinb9g 16.07
Ccng2 10.33 Gm2a 3.6 Placl 16.04
Lrrc34 9.9 Adgre5; Mirl668  3.59 DIkl 11.69
Sycp3 9.88 Mobp 3.47 Tns4 8.93
Iqcbl 9.53 Zscan4d 3.46 Serpinb9d 7.61
Fabp3 9.03 Ephx1 3.45 Tinagll 7.51
Gm11096 8.98 Tfap2c 3.44 Serpinb9f 7.37
Ephx2 8.86 Alpl 3.36 Nxf7 7.13
Meiob 8.75 Lamal 3.33 Fam90alb 6.64
Lamp2 8.7 Sohlh2 3.31 Rhox9 6.6
Prelid2 8.47 Sdc4 3.29 Dazl 6.3
Lrrc31 8.34 Inpp5d 3.27 Hand1 6.3
Gotlll 7.96 Pacsinl 3.21 Kngl 6.05
Ldhb 7.82 Sptbn2 3.17 Rhox6 5.85
Sox15 7.72 Aebpl 3.12 Gpr50 5.45
Dzip3 7.69 Crtacl 3.11 Parml 5.45
Uspll 7.56 Zscan4c 3.05 Sep4 5.45
Clybl 7.54 Meplb 2.99 Pletl 45
Cntdl 7.4 Agp3 2.99 Dysf 4.36
Ddit4 7.29 Zscandb 2.99 Syna 4.25
Zc3h6 7.15 Gliprl 297 Lgals9 4.12
Txnip 7.02 Mctpl 2.93 2610528A11Rik 4.07
Pik3ip1 7 Acp6 291 Vnnl 3.82
Pycrl 6.83 Hesx1 2.9 Serpinel 3.77
Dram2 6.77 Pde8a 2.88 Mmp2 3.75
Kit 6.72 Kit 2.85 Nr2f2 3.62
Igf2 6.7 Acssl 2.83 3830417A13Rik 3.6
Pacsinl 6.64 Rhox9 281 1sg20 3.6
Pgm2 6.47 Rbm47 2.8 Lims2 3.6
Scaper 6.46 Ptchl 2.8 Pparg 3.58
Acotl3 6.44 Khdc3 2.76 Usp29 3.56
Foxjl; Rnf157 6.35 Pygl 2.76 Ziml 3.52
Gstm3 6.12 Thx3 2.74 Phf19 3.49
Pltp 5.88 Syne2; Mir5101 2.73 Npnt 3.49
Ghp3 5.79 Gstpl 2.7 1gf2 3.48
Pfkp 5.56 Hpcall 2.7 Krt7 3.47
Sepl 5.46 Cdhé 2.69 St3gall 3.44
Mpv17I 5.29 Gstp2 2.67 Myl4 341
Rad51b 5.13 Cmkirl 2.65 Serpinb9b 3.33
Smclb 5.09 Bmp7 2.61 Manla 3.3
Gstk1 5.08 Pld1l 2.6 Ndrgl 3.27
Gm17266 5.06 Aurkc 2.6 Zfp3613 3.12
Crebrf 5.06 Zscande 2.59 Zc3havl 311
Slc25a36 4.88 Parvb 2.55 Gm3934 3.08
Krt7 4.84 Caszl 2.54 Cd55b 3.01
Rfesd 4.77 Eng 2.53 Tulpl 3
Triml1 4.68 Gmb5662 2.51 Tcn2 2.99
Ndrg2 4.65 1dh2 2.5 Smclb 2.96
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Table 3-3 | List of top 50 down-regulated genes and their corresponding fold change (F.C.) values
compared between; dish-cultured control mESCs and mesh-cultured cells at Day 2, mesh-
cultured cells at Day 2 and 3, and mesh-cultured cells at Day 3 and 6.

Mesh Day 2 / Dish mESC Mesh Day 3 / Mesh Day 2 Mesh Day 6 / Mesh Day 3
Gene symbol F.C. Gene symbol F.C. Gene symbol F.C.
Nefl -15.29 Gm11096 -15.28 Lefty2 -7.14
Tmemb54 -8.22 T; t -8.37 Dok2 -6.33
Myc -7.81 Gm17482 -7.22 Leftyl -5.69
Popl -7.29 Gbp2 -7 Zscan4f -5.52
Gng3 -1.2 Dok2 -6.97 Ina -5.34
Gabra5 -7.09 Sprr2a3; Sprr2al -6.41 Pcolce2 -5.06
Sytll -6.76 Kcenj3 -5.91 Pcytlb -4.82
Dnmt3b -6.58 Pim2 -5.56 Csn3 -4.33
Dnmt3lI -6.36 Sprr2a2; Sprr2al  -5.12 Zscan4d -4.13
Coch -6.21 Gbp3 -4.93 Zscan4c -4.01
Epha2 -6.09 Ghr -4.83 Spry4 -3.89
Enpp2 -5.95 Thx20 -4.67 Zscan4f -3.69
Car3 -5.91 Slc6als -4.34 Gbp2 -3.66
Zfp423 -5.74 Cxcl16 -4.08 Zscande -3.51
Srf -5.64 Nefl -4.05 Calml4 -3.46
Acta2 -5.56 Ltb -3.89 Zscan4b -3.39
Ccndl; Mir3962 -5.54 Cxcll11 -3.83 Zscanda -3.3
Nes -5.53 Igfbp3 -3.8 Tagln -3.12
Tgml -5.38 Slc39a8 -3.76 ElavI3 -2.99
Sfn -5.36 Zdhhc15 -3.75 Gm5662 -2.97
N6amt2 -5.36 Parp12 -3.67 Bcl3 -2.95
Zfp365 -5.21 Cyp2j13 -3.62 Tmem254c; Tmem2 -2.92
St8sia3 -5.16 Pppard -3.6 Fndc3cl -2.87
Crmpl -5.09 Tspan6 -3.6 Gliprl -2.85
Cnnl -4.94 Efempl -3.59 Crmpl -2.84
Foxi3 -4.72 Irfl -3.56 Cldn9 -2.82
E2f8 -4.54 Psmb8 -3.52 Tubada -2.79

Tmem254b;

Slc27a2 -4.53 Oasl2 -3.5 Tmem254c: Tmem2 -2.79
Vrtn -4.49 Mmp25 -3.47 Gng3 -2.72
Wdr46 -4.47 Mapk4 -3.46 Mapk11 -2.67
Bopl -4.45 Vwaba -3.45 Isynal -2.65
Spink1 -4.41 Cnnl -3.45 Car2 -2.62
Ncdn -4.4 BC023829 -3.32 Rab31 -2.61
Nbeal2; Mir8107  -4.33 Sema6a -3.28 Epha2 -2.59
Fasn -4.29 Car2 -3.27 Actal -2.57
Htrlb -4.25 Dtx3l -3.24 Stmn2 -2.54
Akrlb8 -4.25 Lpard -3.22 Tmem54 -2.52
Scap -4.22 Anxa3 -3.21 Tmem254c; Tmem2 -2.47
Neto2 -4.2 Cd274 -3.2 Ccnel -2.45
DIkl -4.19 Irgml -3.19 Pla2glb -2.44
1gsf9 -4.16 Fndc3cl -3.19 Tmem3 -2.43
Sultdal -4.15 Gbp7 -3.14 Tmem180 -2.41
Noct -4.14 Actal -3.13 Histlhlb -2.41
Polrlb -4.08 Gm8069 -3.06 Depdc7 -2.4

2900011008Rik -4.07 Trim67 -3.05 Trim36 -2.4

Ccdc85a -4.07 Tmem176b -3.05 Dhcr7 -2.38
Elac2 -4.04 Slc27a2 -3 Gm21293; Gm4340 -2.37
Srm -4.04 Gstt2 -3 Aven -2.37
Pcolce2 -4.04 Mab21l2 -2.97 Gbp3 -2.36
Nolcl -4.03 Syp -2.96 1d3 -2.36
Clth -4.03 Mal?2 -2.95 Ly6cl -2.34
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Figure 3-3 | Differential expression
analysis of microarray data from mesh-
cultured cells at Day 2 (n = 3), Day 3 (n
= 3), Day 6 (n = 4), and from dish-
cultured mESCs (n = 3) as control. (A)
Vil Hierarchical clustering and heatmap
| | display of selected 1,287 genes. The
genes were filtered by one-way ANOVA
comparison, P-value < 0.00001. The 8
clusters were selected by Pearson
correlation and average linkage,
] distance threshold = 0.35. (B) Heatmap
VilI display of genes related to three primary
. germ layers.
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Figure 3-4 | Differential expression analysis of microarray data for PGC-related genes from
mesh-cultured cells at Day 2 (n = 3), Day 3 (n = 3), Day 6 (n = 4), and from dish-cultured
mESCs (n = 3) as control. (A) Heatmap display of genes related to germ cell and early
embryogenesis. (B) Fold changes of PGC marker genes (Prdml, Tfap2c, Prdmli4, Dppa3, Kit
and Dazl) in logl0 scale, with SDs. (C) Fold changes of mESC pluripotency marker genes
(Nanog, Sox2 and Pou5fT) in log10 scale, with SDs.
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3.3.3 ZEEMREOELERT X /X7 EDFHIF

9 332D DNA 4 7 v 7 L4 %78 (E TR O RN T, mRNA
DFENC XY, EIRABIEBOERIC B 1T 2 BIE FREOZ M AR~ RIETIE, Rk
ST X DR L 2, BHEIITL RN R E L 72 Dish mESC &, X v afdh
B CTHE 5 L 72 Mesh Day 2 3 & UF Mesh Day 6 2 & 7= 2 flidicxf L <, S thikic
LY et~ — A —E8E 7B X OCREAEML~ — A — #8500 X v BRI %
Rz Zhic kY, A vy a SR ECoEIRIBIEBGEREIC B T 2 L REMIRED 2
Lz T 2
B HOESAIL, SHEtE~ —H —EE T D 9 B NANOG, OCT3/4 (Pousfl) 1Zht LT,
¥ 7z, WRIRAEMIE~ — 7 —EE T 5 B, 5§ 33.2 HOBG R O RN ETT
KEOWTHERREH EAPRD 57z STELLA (Dppa3), AP-2y (Tfap2c), BLIMPI
(Prdml), DAZL IZ®F L Cliti L 7z (Figure 3-5). NANOG & OCT3/4 ® %1%, DishmESC
¥ X U Mesh Day 2 Tli3% < OHfIIEIC I THIEE X 417253, Mesh Day 6 Tld—#f DA
DB FEB L T 2T 2B X L7z, FFIC, NANOG I 2\ T, DishmESC ¥
X U Mesh Day 2 iICBEWTHELZD S Willfdb Dhar o FFELTEY, 1318
FRICFEBLL T3 OCT3/4 ICH T =B 2R L Tz, Thb @n%%oi
DNA =4 7 a7 LA X3RS —HoERH oM IcEI& T 2 tHE = &2
Wi, H332HTORLZEETFRAZCORREL =L TnwbLEX LI LT
% %. STELLA (%, DishmESC TI355 5 E NS BE TE DA TH 7255, Mesh Day
2 B XU Day 6 TIIHHWFHIRAEHEK I /2. KT, Day 6 ICBW T, STELLA DX
I — T 0% R L72. AP-2y I, Dish mESC TIXIFITREPBIR I N d o 7223,
MeshDay 2 3 X Uf Day 6 Tl —#OMIITHRIAL T2 2 L 23R TE, AP-2y 2 <
FILL T2 #lildD% < (2@ RO KRR ICi7E L Tz, BLIMPI (%, Dish mESC
TIIFHHALER S N7 D> 7228, Mesh Day 2 5 L U Day 6 TlIf5s 03 @lggc %
72. L2 L, AT OBIEER[3-22]1& 138 A0, MR E L =RETiERl,
HAERARIC B W CHOEPBIE I N C L ICHET 248235 5. DAZL (%, DishmESC
TIIHHPEE I N0 > 72723, Mesh Day 2 3 & O Day 6 CTIIHHMEZR BB I
AP-2y & [RIRRIC IR D JRl R I Fr R e BB B T L7z,
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Dish mESC

AP2| BLIMP 1

OCT3/4

AP2| BLIMP 1

OCT3/4

AP2| BLIMP1

OCT3/4

Mesh Day 2

Mesh Day 6

Figure 3-5 | Comparative expression of PGC and pluripotency markers in dish-cultured mESCs
versus mesh-cultured cells at Day 2 and Day 6 obtained by confocal microscopy. We performed
immunofluorescence staining for STELLA (green), AP-2y (red), BLIMP1 (purple), DAZL
(green), NANOG (green) and OCT3/4 (red). For each sample, co-staining was performed for
STELLA, AP-2y and BLIMP1, and separately for NANOG and OCT3/4. Scale bars: 200 pm.
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PLEDRERD G, A vy oK Ecof@iR I BGERE Ic 5T, LhElt~—
7 —BIET B X OCIRFEATEII~ — 7 — B8R T O X v N 7 ERBUCEALBE L T B
T EAEIETE . BT, DishmESC B W TITE A EBIZ X 1Lind o 7= R AR Sl
~— N —BETD X VN EFHID, MeshDay2 5 & U Day6 iICBWTHERTE /2. L
2> L, Day 6 % TICHFREMITIZ X 1L 5 1R 200-400 um FRE D N — 2k o AR IC 3
T, SR ARSI ~ — 71— & v X 7 D FEBL & L ARHHARIE K 23R U 7 s oo [ 1 B
HAEH DL ERBT HMERIIELN2 o7 (Figure 3-5 & 3-6). 2D &, A v
vafEEEN ECEE L 24 — TREED <7 X ES HIIZIc BT, IBEAEEHIERE ©
EETFRRAZ L, F— 2 ROTHEHEBOIZHIE, BB TEL WL EE2RL
T3, EEE DNA ~4 77 L4 I X 2R L0, tRIFAMEMIEE &G T-7
HEIE Day2 o0 oNZ LD, 2O EHFFFL T3 (Figure 3-4).

BLIMP1

Mesh Day 6
(bottom of cysts)

.i

OCT3/4 L

Figure 3-6 | Comparative expression of PGC and pluripotency markers in dish-cultured mESCs
versus mesh-cultured cells at Day 2 and Day 6 obtained by confocal microscopy. The optical
slices represent the bottom plains of the dome-shaped tissues shown in Figure 3-5. For each
sample, co-staining was performed for STELLA, AP-2y and BLIMPI, and separately for
NANOG and OCT3/4. Scale bars: 200 um.
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34 ER

AWFETliE, A v v 2 BHEHENEZHV Clielas 5% lfis % C &t~ v X BS filig

uEﬁﬁﬁ%W% HE L, HE RN L 2B E U s IR 2k 2 TN 7z,
Z O —HOMFIEHGERE I B 1 2 B TR O MBI 21T o 72, F—20RD 37
RO IC B W TIE, F— 2% T 2 EOEREROIMIIERR ICEWTT 7 F v
TATAVFOFREPBEINS (Figure3-2C) T & » 5, F—2oNIEKMAICEIT S
RIKEDOFIED I RE I N7z, EBRIZ, DNA ~4 7 a7 LA X 2NiER» 5, g
AL (extracellular matrix; ECM) (ICB8b 2 En T ORIEL ZH 32 &, fibronectin
1, collagen type I a2, collagen type IV 02, laminin al, laminin 1 DFEID LFH L Tz
(Figure3-7). 2D &h b, A vy afEiiK EciELZF 4 — 7IRED~ Y X ES
MRS, HEH %78 5B CaW LM/ EE I X b, F— 2ROkl T 2
O AR IC B CHEED TR S T B ATREME AR X L B A%, X B 7 B MEGEA
METH 5.

RWFE TIT o 72 BB TR BIZAL DRV RNT & SIE O EIEIC X 2 & v o8 7 HF
HoBZicky, 2y v a G ET LIF £ TEE L7 4 —7REno~Y =
ES #Mifld2s, sl AREMINaER DO BInF LM 2R T 2 LB D Tk o 7. SBITHIR
THE I TW2 X 5, RIREMIE~ — 7 —8 T CH % Prdml, Tfap2c, Dppa3,
Dazl 13~ 7 A ESHMIfEIC T HFRILL 9 5[3-19,3-22,3-25]. L7=2->T, TNHDIE
GTFORMD, A vy aBEERKETHE L~y R ESHIllIcB T ERT 2L
REINZZ b, Ay v 2 BERKIC X 2 MRS oM NC X v 1RE ATk
DB TRIEABEHE XN/ L 2R LTS, —J7, TITHFRIC X Y, ZHetEe
fao B CERAEICE D 2857 TH % LIN28 1%, ZHEMERMERFL 72~ 7 X ES flfigic
T let-7 miRNA DA HE L T 3729, let-7 miRNA O FEE MG ATEMAEZ~ D
MUBROBIICEBWTDA FRET 2 2 AR INT W B[3-26,3-27]. RiFEOFER T
\Z, Lin28a DFBI A v o a iR A WREBICL ) ERLTW3ICH DL ST,
IRIRAETEMRE D L ICEE & X415 Nanos3 [3-28]DFHM LR IR CE b o7z, L7
230 C, BRI AETEHINERR O B IE T RBIZA I RERE < % 72238, Rl ARTEMINE ~ o st
DEDEREICH T2 5 D IIAHMERAEF & 7o 72,

~ 7 A DMRFEATEMAEE, HREZEO T T T R A, IMESSIEEED> & BMP4 (bone
morphogenetic protein4) IC X 0, %7z, I&HIPIAEEE A & BMP2 (bone morphogenetic protein
2) WX VRMENZ L THELZ T EPRHLDITHR > TWA[3-20]. ZDMLEE% in
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vitro CERELT 2 2 & T, LHEMESMIIE D & 4R IR A EM AR IE ~ & L E S 5 T
EDBEICHEN 2 LT\ 5[3-10]. v X ESMifldoa, 9, 2i+LIF &#fFchfg L <%
RETEIRRE % B IR BB 1B & 4 72121C, ActivinA 35 X UF bFGF (basic fibroblast growth
factor) IC X D =77 X FERMIAE~ L MEEFE L, & 51 BMP4 CTHIELS 2 Z & Chi
JF ARG ARG 2 15 3 [3-10].  C DIEBFECIE, FIHIIEFR 4B IC v T NEH I B 28
IVT IR ~EMELIRIC, T8 7T XA S REATEMIEA~ & b 3 R &
fL7zdbDThd. 2D-®, LEelEiEfilgs bz v 7 7 2 b ERHIIE % & < hn)J5 A biEi
fkEffE~ & b & & 2R Ic B Wi, —BIIC, Dim3b R TR EDIE T T R b
EHhRED ~ —h —BIEF ORI LA L, Nanog < Sox2 7z £ D% Hel:~ —H —#Ein
TOFEMET T2 2 EBMEINTWB[3-10]. L2 L, KEFFEIcEH T2 DNA ~ A4 27
07 LA X TR 2 5 1%, 6 HEDREEWRICEWT, T 77X FHhRED
v — A —EBETRFEH AR ST, L~ — A BRI E W KETHERE%Z R o T
7z (Figure 3-4A).

X BT, ATHITE O S R IE AT ICEE D 2 BT o R T e 7 7 4 L[3-10]
&, Ao N Bn T RAZ O R 2 I L 72 & 2 5, Kt oifsl T /&
G FBEI, RITHECORINZ~Y R ESHIlEN = v 77 % Mg ~afts 2
BROBIRFREZMA LY S, =7 J 2 MR 48 AR R AR AT ~ L 3 2 B o
B TREELICHEEIL Tw 3 2 & 2R E N7 (Table3-5). FFIC, WRFAEGEHIIZICE D
% 8{5FCTH % Prdml, Tfap2c, Prdml4, Dppa3, Kit, Dazl, Dnmt3a, Dnmt3b, Myc I3,
FATIISE & AW CRLZ= R BAL 2R LTz, 72, MR RHIIE o £~ —
71—"TH 5 integrin 3 1%, A v ¥ 2GR ECTHEELZ~ 7 X ESHMEICHE T I
HAEF LT (Figure3-7). MU EDZ &5, KREFJECHERE L 72 0R5 Ll la ks o
B FREZE, FITHIEB-101 TR S Nz MLBR L IR R AN =X LICX 5D
DiZEEZLNS. DF Y, X v v a fEENRE - ilaEEE S o Fhic X v gl &k
X N IRIR AR o B n TR IEAIE, T4 — T RED~ T R ESfilflas b v
77 A MM RS TICE T D, SREREOLZEMICKXVELZDbDTH D EE R
bib,
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Figure 3-7 | Differential expression analysis of microarray data for genes related to cell
adhesion and ECMs from mesh-cultured cells at Day 2 (r = 3), Day 3 (n = 3), Day 6 (n = 4),
and from dish-cultured mESCs (n = 3) as control. (A) Heatmap display of the related genes
which showed more than 6 of expression values. (B) Fold changes of a surface marker of
PGC-like cells (integrin f3) and differentially changed genes (vinculin, talin 1, integrin a3
and ) in log10 scale, with SDs.
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Table 3-5 | Comparison of expression changes of PGC-related genes between this study and a
previous study [3-10]. Right-pointing arrow indicates less than 2-fold increase or decrease,
single up-pointing and down-pointing arrows represent between 2-fold and 4-fold increase
and decrease, respectively, and double up-pointing and down-pointing arrows indicate more
than 4-fold increase and decrease, respectively. The red colored arrows represent data which
are consistent with the previous research. Asterisks: data presented in Gene Expression
Omnibus (GEO) database (accession number; GSE30056). Bars: no data in the previous study.
EpiLC (d2): epiblast-like cells after 2-days culture. PGCLC (d6): PGC-like cells after 6-days
culture. BVSC: BlimpI-mVenus and Stella-ECFP in the previous study.

This study K. Hayashi, et al., Cell 146, 519 (2011)
DishmESC  MeshDay2  Mesh Day 6 ESC EpiLC (d2) BV/:VEC?J;C (d6gv(_)
Pou5f1 — — — — !
Nanog 1 - U 1 -
Sox2 1 - ! M 1
Prdm1 1 - W " "
Thap2c " 1 i " "
Prdm14 1 - W " "
Dppa3 () - —* mn -
Kit 1 1 L 1 -
Nanos3 — — —* " i
Tdrds - - i 1 U
Dnd1 - — —* 1" -
Rhox9 — ™" R Pp* }
Suz12 — 0 —* —*
Ddx4 — — 1T 0 !
Dazl 1 ™ % 1 1
Piwil2 N N _x o i
Uhrfl N - L 1 .
Dnmt3a ! — T W 1
Dnmt3b u ! 1 W U
Myc u ! T W -
Hoxal — - —* H 1
Hoxb1 — — 1* N —
Snail — — —* — ™"
Prdmi14 1 — 1> 1 1
Dnmtl — — —* 1 i
Tell 1 - W 1 -
Estrb 1 - W 1> -
KIf2 — — U T -
Fgf5 - ! 11 L -
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RIC, KFgecH o -t AT O B T RIWEL 25 2T A =X 1%
BT L. FATIRFEIC K D, OP9 7 14 — X — il % F 7 IR EE MU SAF T IC 350 TR
#E L7~ 7 A ESHMIfICH LT, ERK (extracellular signal-regulated kinase) > 7" F W AniE
R AEEST 2 &, WEAEMEEME~O M2 FECE 2 2L AMEI LTS
[3-21]. ERK ¥ 7 FUGEREKIE, I aMigEIcsw COIERICAFEEEEZ A L
TkY, Miastr o oRHICIEE T 2 2 v, EREgIRARC X Vi tans C
EBHONTWB[3-29]. TNLDHERELZFFETNIL, X v EHERIC X 2HllE—
SRS 03 v Re Zn sEIR O R 23, B5EE ML - Cco L REMEMER SR L ik L €, =7 X ES
M U CESEEII DI # HE L, ERK ¥ 7 FAmERRICHEEL 5 2, 1B
ATEMIAER L 2 BB 32 Z o 2T & o T3 T & A+H7ICE X 5 L5 (Figure 3-8).
KFFEDFRER LD b, A v o 2GRN EOMIIEIC 3\ TIX, vinculin, talin 1, integrin
03, integrin a5 &\ o ERBEENESHRICED 2 EBERTFORIKT2ZTD NS

(Figure 3-7). %7z, Hoxal, Hoxbl, Snail & \»-7-HfiE~— 7 —BLT OFRBK

W P
Growth factor secretion ? \
\ s PGC-like state
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.......
-
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Figure 3-8 | A plausible mechanism for PGC-like differentiation under the mesh culture. We
hypothesize that the mesh culture microenvironment may act as a primary trigger of ERK
signaling inhibition via restriction of the formation of focal adhesion complexes and growth
factor secretion which acts to eventually initiate PGC-like differentiation.
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L Tw7z (Figure3-3) —J5C, Vegfa DFILIZ EF L CTw/z. ERK ¥ 7 F MARERE
% [HE U <l AR SEiiNa sk oL 2 358 9 3 SEATHT9E[3-2111C 1) 5 OP9 7 4 — X —ifflfig
DHFEIIARBHTH % 23, VEGF (vascular endothelial growth factor) @ X 5 Z 4L 1K T
WL TS ATREED, Vegfa DFH LA LEZONS. LD &b, Avva
REEFAR I X 2 IS 5 2%, ERK ¥ 7 FAGERERED AN ) F TV RE
7y avitBb by S FAmEREEN LT, T4 =T RED~ Y X ES IR L T
AR E AR D BIEF R (L 2 E R LT e hERObNS.

3.5 &

if[[

RE T, MIEEEESOFEIC X ) FE S 0 2 BB EGEREIC B W T, ~ 7 R ES
MIRIC A U 2 S REMIRBED L Z AL 2T 2 720, X v v 2GR Fic s 1T 2 gk
FRRIZ R 5 BB TR O MFRAIMENT Z 1T\, ZREMEIREE L2 R 2 v X0 ]
DR|EHFRT-. £, FA—7TREDO~ Y X ESHIEE A v o 2 WEEHRN - 3 0
B LU AR S ¢, 2ok bic 3 HRER SRR L 72, = offR, ik
fRO—HHZEH L T F— 2RO VARSI 5 2 e BRI NI, £z, 20—
OB HGRIRIC BT, DNA ~4 2787 LA % Hw 78 n 7RI o R i
W2 AT o 7o f R, IR AT IR DR T RBZ A4 U 2 Z L AR I . I 5T,
IR Y RIC X D, Z ORERICHIS L 72 S REMIRRER L 2R & & v s 7 H O B S
RSN L7zdo T, LREMEMEREERE V7254 b Bb & 3, Milaig 23v]
REZRTEI 2 HIR L 72 2 v o 2 SR o= Y R ES Il 2 583 % &, IR Ic e
VW, SHETEIRRED LS EFRMICHET T2 2 LML E o7, T OFERIE, %HENE
A I U CHifa s G 2 T 2 2 i X Y, HAEMBMBIERK & bz FEc
LAHEEER R LD DTH B,

55



W

3-1.

3-2.

3-3.

3-4.

3-5.

3-6.

3-7.

3-8.

3-9.

3-10.

3-11.

3-12.

3-13.

2 3k

M. Eiraku, N. Takata, H. Ishibashi, M. Kawada, E. Sakakura, S. Okuda, K. Sekiguchi, T.
Adachi, Y. Sasai, Self-organizing optic-cup morphogenesis in three-dimensional culture,
Nature, 472, 51-56 (2011).

S. C. van den Brink, P. Baillie-Johnson, T. Balayo, A. K. Hadjantonakis, S. Nowotschin,
D. A. Turner, A. M. Arias, Symmetry breaking, germ layer specification and axial
organisation in aggregates of mouse embryonic stem cells, Development, 141, 4231
(2014).

S. E. Harrison, B. Sozen, N. Christodoulou, C. Kyprianou, M. Zernicka-Goetz, Assembly
of embryonic and extraembryonic stem cells to mimic embryogenesis in vitro, Science,
356, eaal1810 (2017).

Y. C. Poh, J. Chen, Y. Hong, H. Yi, S. Zhang, J. Chen, D. C. Wu, L. Wang, Q. Jia, R. Singh,
W. Yao, Y. Tan, A. Tajik, T. S. Tanaka, N. Wang, Generation of organized germ layers from
a single mouse embryonic stem cell, Nat. Commun., 5, 4000 (2014).

Y. Shao, K. Taniguchi, K. Gurdziel, R. F. Townshend, X. Xue, K. M. A. Yong, J. Sang,
J. R. Spence, D. L. Gumucio, J. Fu, Self-organized amniogenesis by human pluripotent
stem cells in a biomimetic implantation-like niche, Nat. Mater., 16, 419-425 (2017).

A. Warmflash, B. Sorre, F. Etoc, E. D. Siggia, A. H. Brivanlou, A method to recapitulate
early embryonic spatial patterning in human embryonic stem cells, Nat. Methods, 11, 847-
854 (2014).

K. O. Okeyo, O. Kurosawa, S. Yamazaki, H. Oana, H. Kotera, H. Nakauchi, M. Washizu,
Cell adhesion minimization by a novel mesh culture method mechanically directs
trophoblast differentiation and self-assembly organization of human pluripotent stem cells,
Tissue Eng. Part C Methods, 21, 1105-1115 (2015).

K. O. Okeyo, M. Tanabe, O. Kurosawa, H. Oana, M. Washizu, Self-organization of human
iPS cells into trophectoderm mimicking cysts induced by adhesion restriction using
microstructured mesh scaffolds, Dev., Growth & Differ., 1, 1-13 (2018).

A. McLaren, Primordial germ cells in the mouse, Dev. Biol., 262, 1 (2003).

K. Hayashi, H. Ohta, K. Kurimoto, S. Aramaki, M. Saitou, Reconstitution of the mouse
germ cell specification pathway in culture by pluripotent stem cells, Cell, 146, 519-532
(2011).

M. Saitou, H. Miyauchi, Gametogenesis from pluripotent stem cells, Cell Stem Cell, 18,
721 (2016).

N. Nishioka, K. Inoue, K. Adachi, H. Kiyonari, M. Ota, A. Ralston, N. Yabuta, S. Hirahara,
R. O. Stephenson, N. Ogonuki, R. Makita, H. Kurihara, E. M. Morin-Kensicki, H. Nojima,
J. Rossant, K. Nakao, H. Niwa, H. Sasaki, The Hippo signaling pathway components Lats
and Yap pattern Tead4 activity to distinguish mouse trophectoderm from inner cell mass,
Dev. Cell, 16, 398 (2009).

R. Hiramatsu, T. Matsuoka, C. Kimura-Yoshida, S. Han, K. Mochida, T. Adachi, S.

56



3-14.

3-15.

3-16.

3-17.

3-18.

3-19.

3-20.

3-21.

3-22.

3-23.

3-24.

3-25.

3-26.

3-27.

Takayama, I. Matsuo, External mechanical cues trigger the establishment of the anterior-
posterior axis in early mouse embryos, Dev. Cell, 27, 131-144 (2013).

M. Hooper, K. Hardy, A. Handyside, S. Hunter, M. Monk, HPRT-deficient (Lesch-Nyhan)
mouse embryos derived from germline colonization by cultured cells, Nature, 326, 292-
295 (1987).

J. Schindelin, 1. Arganda-Carreras, E. Frise, V. Kaynig, M. Longair, T. Pietzsch, S.
Preibisch, C. Rueden, S. Saalfeld, B. Schmid, J. Y. Tinevez, D. J. White, V. Hartenstein,
K. Eliceiri, P. Tomancak, A. Cardona, Fiji: an open-source platform for biological-image
analysis, Nat. Methods, 9, 676-682 (2012).

G. Dennis, R. T. Sherman, D. A. Hosack, J. Yang, W. Gao, H. C. Lane, R. A. Lempicki,
DAVID: Database for Annotation, Visualization, and Integrated Discovery, Genome
Biology 4, R60 (2003).

D. W. Huang, B. T. Sherman, R. A. Lempicki, Bioinformatics enrichment tools: paths
toward the comprehensive functional analysis of large gene lists, Nucleic Acids Res., 37,
1 (2008).

D. W. Huang, B. T. Sherman, R. A. Lempicki, Systematic and integrative analysis of large
gene lists using DAVID bioinformatics resources, Nat. Protocols 4, 44 (2008).

J. A. Hackett, T. Kobayashi, S. Dietmann, M. A. Surani, Activation of lineage regulators
and transposable elements across a pluripotent spectrum, Stem Cell Rep., 8, 1645 (2017).

E. Magnusdéttir, M. A. Surani, How to make a primordial germ cell, Development, 141,
245 (2014).

T. Kimura, Y. Kaga, H. Ohta, M. Odamoto, Y. Sekita, K. Li, N. Yamano, K. Fujikawa, A.
Isotani, N. Sasaki, M. Toyoda, K. Hayashi, M. Okabe, T. Shinohara, M. Saitou, T. Nakano,
Induction of primordial germ cell-like cells from mouse embryonic stem cells by ERK
signal inhibition, Stem Cells, 32, 2668-2678 (2014).

K. Hayashi, S. M. Chuva de Sousa Lopes, F. Tang, M. A. Surani, Dynamic equilibrium
and heterogeneity of mouse pluripotent stem cells with distinct functional and epigenetic
states, Cell Stem Cell, 3, 391 (2008).

T. Boroviak, R. Loos, P. Bertone, A. Smith, J. Nichols, The ability of inner-cell-mass cells
to self-renew as embryonic stem cells is acquired following epiblast specification Nat.
Cell Biol., 16, 513 (2014).

K. Murakami, U. Giinesdogan, J. J. Zylicz, W. W. C. Tang, R. Sengupta, T. Kobayashi, S.
Kim, R. Butler, S. Dietmann, M. A. Surani, NANOG alone induces germ cells in primed
epiblast in vitro by activation of enhancers, Nature, 529, 403 (2016).

N. Grabole, J. Tischler, J. A. Hackett, S. Kim, F. Tang, H. G. Leitch, E. Magnusdéttir, M.
A. Surani, Prdm14 promotes germline fate and naive pluripotency by repressing FGF
signaling and DNA methylation, EMBO Rep., 14, 629 (2013).

J. A. West, S. R. Viswanathan, A. Yabuuchi, K. Cunniff, A. Takeuchi, I. H. Park, J. E. Sero,
H. Zhu, A. Perez-Atayde, A. L. Frazier, M. A. Surani, G. Q. Daley, A role for Lin28 in
primordial germ-cell development and germ-cell malignancy, Nature, 460, 909 (2009).

K. Hayashi, S. M. Chuva de Sousa Lopes, M. Kaneda, F. Tang, P. Hajkova, K. Lao, D.
O’Carroll, P. P. Das, A. Tarakhovsky, E. A. Miska, M. A. Surani, MicroRNA biogenesis is

57



required for mouse primordial germ cell development and spermatogenesis, PLoS one, 3,
e1738 (2008).

3-28. H. Suzuki, M. Tsuda, M. Kiso, Y. Saga, Nanos3 maintains the germ cell lineage in the
mouse by suppressing both Bax-dependent and -independent apoptotic pathways, Dev.
Biol., 318, 133 (2008).

3-29. M. M. McKay, D. K. Morrison, Integrating signals from RTKs to ERK/MAPK, Oncogene,
26,3113 (2007).

58



EA4T

AR AR H A 1 £ B ZBEMEIRRE D PEIBT M D I A2

41 =S

LA D TR E, BhE, 2T, FHECEZ & oMIginEhss, MG U T
ZEMRICE T 2 2 & THEEITL Tk Y, BRI Nk, FrEmafisikz 242
[4-1,4-2]. F 72, ZHEVEEHIIE Z F\ 72 invitro 54555 CIE, MBIERLCHE Y, En 15
W7m 77 ANDRE 2%l EMP R RE %> CHIET 2 2 L2505
NTW5[4-3,4-4]. ZRetEasilie o AT BGRIE IC 1) 2 Z @ X 5 %o LD 534 ©
HBLE, R OIS U B PR T &, AN )R8 DS, SEsRe B I R
TREAZZNIEZ L THEINTWB[4-5,4-6]. 7=, %REMEEMIIEO LRI L
THIREE S 2 L 28582 2 W5 2 & T, ZREMEIRIE D 2L e HIAGE 6 D PLiE i
BEL T, MR FIREEDR EECH 3 Z L BEITIRIC L VR I LT 3[4-7,4-8]. 6
HICHWTIL, Bl v &~ o iR e e 2 flilaEeg S offffiic L v, +4 —
ZIREED = v 2 ES #iEIC X 2 JERAMIE O A v dn AR Sl Ak o S 7 R B2 L A3
FLBZ LML, Lo L, 5 3 B CIT o B IR TR ORI < 13
JERAATE BOBTE I 351 2 L RetRIRBE D 22U 23, M I IREBICIGCTED X ST L
THELZDOPRPALPICT R B TE R o7z, £z, 3T TIT o 72 RIEHOER G
FxACBEIC XY, ZREMEIREEZ(C IR RIS E L 2 2 L ARB I 72 A3, %
DI R T &I TE b otz 22T, RETIE, A v aMEERRIC X 2T
RFEFEZ I b ICHRES S, BIREBOTIRZHIE T 2 2 & T, N EREICE
H L CRSFRF RN R L et REE DL 2 H S i3 5.

% BEVEE I 23, MR T IREEICIE U C A REMEREZ B e 5 2 L1d, wl oh
DRATIIRIC L o THE I N TS, #HlziE, LREMEFHMdo a2 ==tk i, M
BREICREAPELTH Y, MEGREICED 2 2 EPMEIN TV E[4-9]. 77,
2o = — I BT 2 L ReMERR I O S ERIEE 235, SHLICBIS L Tw B 2 DRI
NTW3[4-10]. 6, THNT 7e—Fic X VlilaEES %5 L, etk
O H S @RI 31 2 M) 2 I3 2 © & <, B TR O &2 i~ 7= 54T
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WFFE A T TV B[4-11,4-12]. TS DFITIIZEIC X b, RN 1 ZIRAE DS % BETE:
REEA LI 2 2 LIS 27228, % REMEapAiiE o MHAE OB IC 35> T, RN
TIEARRB I B D 2 AHARTZ AR ICIG U CHUSRF R 2 ZRETEIREEA & D X 5 Ic b5 % A
WZDOWTHFICTHARS N TR,

ARETIX, ~ v A ES HilE O BRI OB IC 35 10 2 SIS Y 72 % REEIRBE D22
L3, NI FREBICE VAL 2 R2RTILEHNE L. 2020, 7,
Ay v a SR Lo~ v X ES #ilE2STER L 2 ik A Bl bick by, BEX
DRI E RV IRIN 2L b ORI IR 232 2 L 3br by,
R RN L REEIREA B AN D C L 2R L 72, 20 OREIEAHANC 4 L <
Wiztz®, LK TEIRA v v 2GR ] Z3%GEHL, 0z v CRET IR~ D fH %
R Z RS 2 2 & CRBBIZR Z 660 U, R B icGZ L T E s k) ic
L7z, 2oz licky, RYBLAT y VHEEER L7 BROBEIRMBOTE K % 5583
5 LICYILT. o BRO RO = v SRS oM & MR oMl 2 Heik L
T, T v VHEERRN L R 02, MR IC kT 2 = v JREER R 7
BN FIRBIC X 2dbDTH BT L BT,

4.2 REI7E

421 ¥ X ES MR LRSS

AW T, ~ v R ES MifitkE E14tg2a GEfffe LNV 7) [4-13], B L U, OLV2-1 (B
e N 7)) [4-141% A7z, OLV2-1 1%, OCT3/4-linker-Venus X2 X —23 7 v 7 4 v
S OCT3/4 FEHMIAL % Venus F5PEMIAE & L CHERS T & ZlllldtkTH 5.

WENOHIEKD, G-MEM (17 4 v AHEHER) 12, 10% fetal bovine serum (FBS;
Sigma-Aldrich), 1 mM sodium pyruvate (&7 4 /v L F1J¢#3E), 1% MEM non-essential
amino acids (F+ 7 4 v L HPEHZE), 0.1 mM 2-mercaptoethanol (&1t 7 4 0 L FeH
#£), 1,000 units/mL leukemia inhibitory factor (LIF; & 7 4 /v LZFIEMIZEE) %0z 7285
FIR % F\V CHREAMERRT 2 2 17 o 72, ML, 0.1% gelatin from porcine skin (gel strength
300, type A; Sigma-Aldrich) Ta—7 4 ¥ 7' L 728#& % T, 37°C, 5%CO, BT
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g LU 7=, WRIKFIX, TrypLE Express (Thermo Fisher Scientific) % F\ > CHlE % i &
H, 2 HREOREEITIE 7.0¢10° cells/em? 12, 3 HEOEEEICIE 2.6%10° cells/cm? IC 72 % X
I ICHIRE L 23R L C, i i lic fERE L 72

422 NI A v ¥ 2 S EROIFR & ffaias

AN T A v > 2 BEERMIZ, 56 222 HORLEEZACTER L 2. Riffgec
i, SAME 100 um % 721% 200 pm DIEFTEOHEH 231E 5 um OMIFRIC X W IBEL L
TWd Ay v a fEHRE G L TRV, 72, #7z2ic, WARE 50 um O IE/TE 36
fEl DM HE 2> & 72 2 X AFRER 300 pm DIEFTTEO BROME 2, A\ ic 600 um O FhfE%
boTRESINEBRE LT, BRA Y v 2 EEREZ G L THW .

HHAOIERE % 1T 5 ATIC, A v ¥ 2 MEEER 2 B5EIICERE L, 10 pg/mL laminin-511 E8
fragment (iMatrix-511silk; = > ¥°) /phosphate buffered saline (PBS) JAiRIC X Y 37°C T
1 ffEl 2 —7 4 v 7 L7z, R, #lEEEEDS 1.0-5.0x10° cells/mL 1272 % X 5 ICFHEL L 7=
HRBRE 100 pL % A v & 2 MRS HAR ic B icii P L, MM 2B L 72, L 7~
MIRE2S A v > 2 BUCEEE T 5 L 91T, 37 °C, 5% CO,ERIE T T 6 Ko % 1T - 7=,
ZD%, Ay v afEERICEE TE TR T LaMIaEZREST 2720, MildsEas L
Te A v ¥ a MEEHEMRCE BT L WEEEIL~ L L, L WEEERZ A 72, HEAZ v
RBERAT O 5G, T OF s THEETRIC 10 uM blebbistatin (Sigma-Aldrich), £ 7z1%, 10
UM Y-27632 (Bt 7 4 A LHDEHEER) ZINA T2, A v o 2 WSO IR % 38 L 72 B
% Day 0 LiE®7-. Day 6 ¥ THIEZ MKt T 25561, Day3 THRERZ KL 72.

61



423 RBEENLEEICLDZ X VNV BRIBOER

MfEge I, 5 223 HTRLZHEZHWTT> 72, RIEHOLSEICIZ, Table 4-1
R L 72—tk & Rz v 72, i o Beic it 4,6-diamidino-2-phenylindole
(DAPI; 1:500; D1306; Thermo Fisher Scientific) %, 727 F ¥ 7 4 7 A b DYt
Alexa Flour 647 phalloidin (1:100; A22287; Thermo Fisher Scientific) % FV 7z, #GH{§R
FHE S L — = EEABAMEE FLUOVIEW FV3000 (FV v ¥2) ZHWCHEL 7.
¥ 7z, LifeAct-tdTomato knocked-in El14tg2a ffARICN 35 74 74 A —2 v 7icix, 4
V¥ 2= 2 ML SEREM L —F —BMEE LCV-MPE () v o8 %) W, 20
[EIFEIFRE < 60 KEfH D £ 4 407 7" ARi2 L7z, [E{RALERIC 1T Fiji [4-15]1& Imaris (Bitplane)
T T,

Table 4-1 | Lists of antibodies used for immunofluorescence microscopy.

Primary antibodies

Gene Dilution ID Vendor

AP-2y 1:100 sc-12762 Santa Cruz Biotechnology
NANOG 1:200 ab80892 Abcam

OCT3/4 1:100 sc-5279 Santa Cruz Biotechnology
DAZL 1:200 ab34139 Abcam

phospho-myosin light chain 2 | . .

(Thr18/Ser19) 1:100 #3674 Cell Signaling Technology
phospho-p44/42 MAPK ] . .

(Erk1/2) (Thr202/Tyr204) 1:200 #4370 Cell Signaling Technology
Secondary antibodies

Name Dilution ID Vendor

F(ab")2-goat anti-mouse IgG (H+L)

cross-adsorbed secondary antibody | 1:500 A-11018 Thermo Fisher Scientific
Alexa Flour 546

Goat anti-rabbit IgG H&L Alexa 1:500 a4b150079 Abcam

Fluor 647 antibody
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424 Y ORESHIRROREN I VRT3V

~ 7 A ES gk El4tg2a I8 L T, pCAG 7' HE—X —® FifitiCF T tdTomato T
2 7fFF L7z LifeAct [4-16]% #3139 % LifeAct-tdTomato 7 X —%/ v 7 4 v L,
LifeAct-tdTomato knocked-in E14tg2a Ml At#K % 7 7z 1< #6137 L 72, #8137 L 7= LifeAct-tdTomato
knocked-in El4tg2a MR L REM ZHERF L T\ 2 2 & 2R T 5 72, RIEHEERE
BICXVEEL, et~ —h — DR EMER L 7= (Figure4-1). T 7z, KWFFECcHW
7= LifeAct-tdTomato knocked-in E14tg2a MUk DMEREIT 40 LAT & L 7=,

~ v A ES fifEfk El4tg2a 12xf 9 % LifeAct-tdTomato X2 2 —D VK7 =7 ¥ a /T
l%, FuGENE HD Transfection Reagent (Promega) % f\>7z. LifeAct-tdTomato ~ 72 X —
IZ, E. coli # DHS50 competent cells CGRIF#G) 1S L CTT7 v &y ) viC X 2 18N 2P E
e T2 WS 2 TP L7, 77 %2 3 F DNA OffitticiZ, QIAfilter Plasmid Midi
and Maxi Kits (Qiagen) ZH\»7-. L 777 X I F DNA ZH\ T, El4tg2a flifgtk
KHNLTE 7 v A7 22y a v 2EMT 50T, MIIREED 2.8x10° cells/om? & 72 5
& 9 ICHERE L 8 IRf[Ej5%5# L 72%%, 14 pL FuGENE HD Transfection Reagent % & %8 357 pL
D 0.02 ug/ul 7*7 2 I F DNA / G-MEM B Z ML, X HIC 40 RS E L 2. £ 0

LifeAct-tdTomato knocked-in E14tg2a cell line

LifeAct-tdTomato NANOG

Figure 4-1 | Pluripotency check for the established LifeAct-tdTomato knocked-in E14tg2a cell
line cultured on gelatin-coated culture dish under pluripotency maintenance condition at Day
3 (passage number 31). Scale bar: 100 um.
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#, LifeAct-tdTomato ZFEH L T 2 #ild%z v — 7 4 v 73 % 72%, BD FACSMelody cell
sorter (BD Biosciences) Z W TNy —T 4 V7 RELT-. V=T 4 v 7 L7AME
1, FOREEMICHREL o icii 72, §F 4 BHCED, 020 0EL vV
V=T 4V RFEMT L LICLY, LiE L T LifeAct-tdTomato % F&31 3 2 Ml fuik % ot

LT,

425 L—H—=T7L— 3 Il L BEBANFIRED T

Ay v a SRR E TR E 7 TR IC 35 10 2 RN ) EIRAE 2 B 3~ 2 72
I, ZHTERM L — ¥ —BEMEE FLUOVIEW FVI200MPE (4 VU v ¥ 2) ZHwTL —
F=T T =y a VEBRETATA A=V Vv 7% fTol. L=—HF =T 7L —va vDH
MERNC X, 10 PRl 24 L7 72 g zeirH 2 LT, MMoREZMEEL 2. X,
L—HF =T 7L —va i X Vfild 22 ED, HEI0OmmDOF XY - 774
TL—F =% KHNT 5-10 S L7 2o, MHBoLEE2EIRT5729, 20
RO XA LT T A 1T o 72,

4.2.6 BRAENTICL 2R E &> /X7 BHRIBOESFH

MR O & el 217 5 7= o1, L — 3 —EERBEMEIIC X 5 DAPI 0=
RICHEEmGE>» S, MEZICH - 28 %2 M 3 2% BRI, VoTracer2

(http://www?2.riken jp/brict/Ijiri/VoTracer/index.html ) @ Segmentation Contour Mesh (B-
HRBF) #HE% 7z, MRS Z i L 721413, Fiji © 3D Roi Manager 7' 7 7' 4 v
[4-17]% v C, Bllekkic 313 2 B 2 MIE L 72, OCT3/4-Venus & X U AP-2y D14
BEFZ L, DAPI O FEMEEE %2 v CIERML L, &M o L CiEBt S -2 5
B £72, Mo RIR%Z T3 2 72912, i D 3D RoiManager 77 7' 4 v % [l
W, MR D Z N ENICH L CHERIR 7 4 v T4 v 7 " T o2, 74T 4 VT
L7z&fMiEo 3 ootz 2z 1l 26, 3@he L, ZhZhoRI% L, L,
Ly (LizL,>Ly) & LCE®DR. IHic, SEMAKICLT, fREE Li/L, RPE
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L /L& LCEEL, Mo MfREESG - Z2FHEL 7.

R v BRBFOERTM 24T 5 7201, HERL — ¥ —EEMBEMEIC X 2 =0T
PR O, Ay & 2 iSRRI > TR T A AL LR ZEICLT, &
KD JERASRIC 31T 2 JEEES 2> & R fic 221 T D, OCT3/4, AP-2y, T2F V747
AV b, VYt 4> v (phospho-myosin light chain; pMLC), pERK (phospho-
extracellular signal-regulated kinase) DHEED A Z T L 72, 3, JEWRHEM OIS %
BASd 27201, T27Fv 747 A %7213 pERK D H#EERITH L T Fiji [4-151%
FWCHBCRIEZ ED T LB ZE L, X 5ic, ZfE(LE&RICR L Cisoiik
LHEANE 3 B 7R ART 2 RIERVIRL T, Wiz bl 2. Xic, Bonimdz,
JElRE M 2> & Rl ~Ta1 22 > T 16 ¥ 27 2 AR THI/NS &2 2 LI X D IHFICHEIL, 4
DDFELFR OB LT & L CTED 72, FBILHEIICOWT, & F v v v O
%55 L, DAPI O EZ FLICIERML L 72, &fRic, BBIOIEICE T 2 1B
feshizfiiz, &b PRAOBEOHEMOMEE 1 & Lz e LT biciERLL, ARk
2> & v AN 2 1 -C DIFEE D 994 %2 3 B ICFHi L 7=

4.2.7 RT-qPCR I & 2 BT HIRMEN

Ay v a ERR ECRE L 22#iIE0 5 b, OCT3/4 DFEB MK low OCT3/4-Venus
FHAEHE I L € RT-qPCR (real time quantitative polymerase chain reaction) f##T %17 5 7=
¥ 1, TrypLE Express (Thermo Fisher Scientific) % i\ » Tl % F#f X ¥, BD FACSMelody
cell sorter (BD Biosciences) #F\ 72tV —7F 4 v 7 %17\, low OCT3/4-Venus e
Mz Yy —T 4 v 27 L7z, RiC, BiJTECELYE (forward scatter; FSC) < 27" F L & R 5 BLELYE

(side scatter; SSC) ¥ 7' F L Dfiz o, Hilde Bb s EFIC L CFETTr—74 v
7 %ATo7-. Venus low 7 — Mid, ERA v v 2 @GR ECoiE L 2IFdto~v X
ESHidz W CFEICHE L7z, Y —7 4 v 7 OfERO A LTI, Flowlosingle
cell analysis software (BD Biosciences) % F\»7z.

HIRE D total RNA (%, ISOGENII (= # v < —), p-bromoanisole % i\ >T RNA %
B UIKEZ BN L 72, NucleoSpin RNA (X7 7854 %) W TFRE L Tt L 7.
RT-gPCR f##TIC 724~ 7 v iE, dish-cultured mESCs (n = 6), low OCT3/4-Venus
expressing OLV2-1 cells on the island meshes (n =6) & L, ZiZ L 3 [0 D DEHIK
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HHEBEZITo 7. M L 72 total RNA 1CX 9 2 WK G GIC 1, Transcriptor Universal
cDNA Master (Sigma-Aldrich) % F\>7z. RT-qPCR IZ (%, StepOne Real-Time PCR System
(Thermo Fisher Scientific) & PowerUp SYBR Green Master Mix (Thermo Fisher Scientific)
7z, RT-qPCR AT ICH W2 79 4 =—% v F DFcHlZ, Table4-2 IR L7 Y T
H%. mRNA RHBOHKERD7=0ICIX, Gapdh ZWEEa Y P o — Ll L
T, AMCtiEER W, 7ok, ACtEICXT L Cid, PUSHZHIPH (interquartile range; IQR)

% 3fFIC LfEZ T, #EHICH G2 JUE LIRS L 72

Table 4-2 | List of primer sequences (5’ -> 3”) used for RT-qPCR analysis. The two references
are represented as [4-18] and [4-19] in this chapter.

Gene Forward primer Reverse primer Reference

Pou5fl | GATGCTGTGAGCCAAGGCAAG GGCTCCTGATCAACAGCATCAC | Hayashi et al.,2011
Nanog | CTTTCACCTATTAAGGTGCTTGC | TGGCATCGGTTCATCATGGTAC | Hayashi etal.,2011
Tfap2c | GGGCTTTTCTCTCTTGGCTGGT TCCACACGTCACCCACACAA Hayashi et al.,2011
Prdml | AGCATGACCTGACATTGACACC | CTCAACACTCTCATGTAAGAGG( Hayashi etal.,2011
Myc AAGGAGAACGGTTCCTTCTGAC | GCTGAAGCTTACAGTCCCAAAG | Hayashi etal.,2011
Map2kl | CAAGGTCTCCCACAAGCCAT GTAGAAGGCCCCGTAGAAGC Designed

Mapk3 | GTCTCTGCCCTCGAAAACCA TGATGCGCTTGTTTGGGTTG Designed

Dusp6 | CAGCGACTGGAATGAGAACAC GGAACTTACTGAAGCCACCT Yang et al. 2012
Gapdh | GCACAGTCAAGGCCGAGAAT GCCTTCTCCATGGTGGTGAA Designed
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4.3.1 BAHRAERIC B 1 2 JBAARICIT U - 2 se IR RE

MAESERIC X 2 ML, MilaEE S oo T o, ML X 280H, 2P,
HEE, oMb EDiEHENIC X 4 LT 3[4-20, 4-21, 4-22,4-23]. 22T, Ay al
R X 2 MR EEE S O FEIC X v~ v X ES Mot U CTEIRARRIE R 2 SRE L
TERC X - R I 3513 2 AHAR IR 2 Bl5 3 5 2 &, ZREMEIRRBIC & D X 5 7 fElE
R RAGRBALE U T B 20372 (Figure4-2A). ~ 7 % ES Mgz, -4 — 7IREE<
ZHeME R HEFF L 720 o 2\, SAKRE 200 pm O IEHEIRD 2 v & o b AR I %
L, LIF & ChEEL .

Ay v a fEEHR ECIEbE L 72~ v R ES ffifdi, MifE—MifEkEEE % A L < Day 3
T CICERABRZ TR L 72, TR S =g ikific i3, B 0RR 1L BHHE VIR
N 3R b ORI IR E B4 3 2 2 b o 72, 2 b DFIEIR O Fi#h
5, Figure4-2B IC/n 3 & 5 1C, [ = v VI (edge), [ A5EIK ] (trough), [1LI5EIK | (crest)
LT, JERMEIC BT 2RI R A XA L. 2T, Ty VHEEE, Ay va
S EAR EcERMRIc X v Eb A wildH ICBEEE L < 5, TR O i o
W TH 5 (Figure4-20). UL, FERMEMBH BT CH D, AHEEIE, 1L
DRNCIFAES 2B OHEBTH 3 (Figure 4-2C). & DAL, 435\ 1 LFHE 2 Y
BDIICHHLT VL EBNBRTE $72, 20X ) LB R, WE
PARXDRLZ Ay v 2GRN EIcsn T BE I N7z, Figure 4-2C IC7R9 200 pm
DAy aREEHMR L B LT, MHY A XH2V/NE 0 100 pm D A v > 2 G ERIC B
WL, Ty VB LD DT BIE I 7z (Figure4-3). 2ol kid, #EY
ARG C TR X 2 A v v 2 BEEREOWERLEZ L, = v PHEE TERA]
RERTEIRS DT 2720 ThH b LEZLLNS. —J, REIRICOVTIE, HEY 4 XA
BRZGARICEVWTY, BLoTHRINT W, LT, BEEIL, ERESS
AFH IR 288 C, IIfERE T v CHEESHEE 28 5 BRic, B4 EiIk
ko =y YHEEFE L AHS VG LZBRICAE L TwEboTh b LEZ LN,

RKIT, TS ORI AR IR A3~ 7 % ES Mt D % BEMEIR B IC RIS 2 & N
5720, ZNZNOHEBICBNT, GHREE~—N1—ThH 5 OCT3/4 OFHLT 7 F v
74 TRAYOFGERBE L, FRE N L, AL - EREBEMERIC XY
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W L 72 e R o RO SR R 2> &, (LFEI O RPN o flig i< v T,
OCT3/4 DFEBMB LI\ T & A3b b > 72 (Figure4-2D). F 7z, 1IFEIEK O FHBEPIEE D
ML, MR Z LCBV T 27 F Vv 74 AV FBEFRIEEREL T AW
L3 b o7z (Figure4-2D). —77, ILSEI O MHAKK I OMINTIC 5 Cld, OCT3/4 DF
WKL, MRS RFCRoTED, T2F V74 T7AVIBHELTHE DD
2o 7z (Figure4-2D). F 7z, MEOHMILIC B W TIX, OCT3/4 DFMRBEL, 77 F
V747XV FBIEFEICHEL Tz (Figure4-2E). BRI, = v YiEIOMATIC B »
Tl, OCT3/4 BFEHLTCwihwiils ZFoh, T27F v 747X FBIEFICH
#EL Tz (Figure 4-2E). 245 OFIZ, 100 um D A v ¥ 2 i AR IC BT b [H]
el a7 (Figure4-3). 7z, 200 um 5 X 100 um D X v > 2 fEEHAR O 1 /5
ICEBEWT, Day 6 ¥ CHEZMG L 2561 RO ER BESBIE S vz (Figure
4-4), TOZERH, TNENOMEICE T 2 FEHFF RN WE XM E O 9 4 X Ik F
LW Z &R I N,

L7z oT, A vy a BEEFAR B O & 21 2 IR IS 35 €, RREUN 7o AR TR
G U 7 IR R 72 OCT3/4 D FIUK T & T 7/ F v 7 4 7 AV F OREDPBE I NS
Zebhrol. T2F V747 A OFREFHBMAN I AREBICIGETHEL 2 2 & 28,
FATHZRIC X VIR ENT W B[4-24]. ZD7-o, BEIREEEPET oMM b~ T, LR
DFFEET oMY, X, RiERE = v PHEBOMILIC B W TIE, RPN EIRED
XD SHEMEIRENZNL L T3 2 EAURB I NS, FRC, A e = v JHEIC
B, IO HBNEE OMIESEE ST 2 2 L Ic X VT B20ICR L C, SRR
PHCERIIDBE LT WD T LD, TO/F VT4 7AY FPOFKZEREWC IV RBI N, L
o T, TO XS RfERMRRIC T 2 SRR RN S EREBICG LT, b
DHEOMILIC B NTT 7 F v 7 4 7 A P HFEL, HEFFEN L REMIRED L
BEIERZINEZZEREZLLND.
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Figure 4-2 | Tissue topography of mESC layers on microstructured mesh substrates. (A)
Schematic illustration of mesh substrate setup in a suspended position for cell seeding, and the
mesh-filling process leading to cell layer formation. (B) Schematic illustration of tissue
topography formed on the mesh substrates. The resulting topographical features are indicated
as “edge”, “trough” and “crest”. (C) Wide view of Z-projections of confocal images showing
the topography of cell layers on mesh substrates at Day 3. (D) Vertical (Y plane) cross-sections
taken at positions (Y1, Y2 in E) of the cell layer region indicated by the yellow broken line in
C. (E) Horizontal (Z plane) cross-sections at different heights (Z1, Z2, Z3 in D) of the cell
layer region indicated by the yellow box in C. Topographical zones with well-established F-
actin bundle was associated with low OCT3/4 expression. Scale bars: 100 pm.
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Figure 4-3 | Tissue topography of mESC layers on 100 pm-sized microstructured mesh
substrates. (A) Wide view of Z-projections of confocal images showing the topography of cell
layers on mesh substrates at Day 3. (B) Vertical (Y plane) cross-sections taken at positions
(Y1, Y2 in C) of the cell layer region indicated by the yellow broken line in A. (C) Horizontal
(Z plane) cross-sections at different heights (Z1, Z2, Z3 in B) of the cell layer region indicated
by the yellow box in A. Topographical zones with well-established F-actin bundle was
associated with low OCT3/4 expression. Scale bars: 100 pm.
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A 200 ym-mesh Day 6 D 100 pm-mesh Day 6
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Figure 4-4 | Tissue topography of mESC layers on microstructured mesh substrates at Day 6.
(A) Wide view of Z-projections of confocal images showing the topography of cell layers on
200 pm-sized mesh substrates at Day 6. The boxed regions are shown as magnified individual
confocal slices in B and C. (B, C) Horizontal (Z plane) and vertical (Y plane) cross-sections
of the cell layer indicated by the yellow box in A. (D) Wide view of Z-projections of confocal
images showing the topography of cell layers on 100 um-sized mesh substrates at Day 6. The
boxed regions are shown as magnified individual confocal slices in E and F. (E, F) Horizontal
(Z plane) and vertical (Y plane) cross-sections of the cell layer indicated by the yellow box in

D. Scale bars: 100 um.
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432 BRA v aBEERHNFEES 5T v VHEEK

9431 HOBE SN, BRI 3B 2 fER B 2N ) 2R 08 & L RETER
Rex T~ 57-0, ZNZENDERMMAINL L 7z RFET, ROV Ly ViHEZA T
2 RO BIHERATER T 2 X 51, BIRA v ¥ 2 BERMR 2 372 1IC3%ET L 72 (Figure
4-5A). A v ok ﬁWLf%ménéﬁﬁﬁﬁ BT, v JHEE, AHEE,
ILIBEIE D 734 7% il C % 7o\ 72 0, GEIEURR IR 0 fHAR N )R AR & L REMEIRAE 2 3~ 5
R L Do, 22T, BIRA Y v a @ ERE w2 2 & T, KPETTR~ DR
REZHRT 5 2 & ¢, BIRHBS A IcIZ L ORI N2 X5 ic L 2hic kD,
RO IC 5T, hRogEILGEE S, 22 Ty SO %
FHE L, AR 2 I L 7. R o IR 4 1E, Bz L OBl g 729,
RIERIITER X e, DI, o BIRA v v o s E v, = v SRR
() 7 AN 1 IR RE & L REMIRREZEAL &2 Gl ~ 7=

BR A v o 2 BRERARIE, S AR 50 um D IESTTE 36 O H 22 & 72 2 1 A HRE 300
um DIESEO BIROME A, H I 600 um DL b - CTHE X 2k %E L Tw
% (Figure4-5A). Z OIIRDFEFHITIZ, A v ¥ 2Rk Fics T 3~ 2 ESHlllgo
JERARRIE R DL 25 H 3 4 R ickfF+ 2 2 & 2FALTw5, EBIC, A+ A X
DUNTVEFRD ECIREP 2 ICHE 2B, BROEIRMMEZ KT 2 2 L 230D 5
N7z (Figure 4-5B & 4-5C). KIT, BIRA v v 2GR LickiF 3, +4 —7RED
~ v A ES Mg o R BORE 2 2 4 407 7 2R IC X W #8152 L 7= (Figure 4-5D).
Bk A v v 2 BEEFNR B S e fifiiE, Bio 50 um ofH%E 1| HRE T3~
B, BROBIRMBZFEK L 72, Day3 £ Tici, BROBRMAKIIEAZHL, &
bR H L7y DI L 72 (Figure 4-5D, arrows). TRV L7z v ¥
AR, M — BRI 25 Wl RE R IS TAAE L 2 WZE C A v & 2 BRI L 2 G L &
X5 EINTEY, BRI NG Z L3R TE 7.,

R, BREFTZ VAT 27 a ik 7Tz L7z LifeAct-tdTomato knocked-in
El4tg2a Mtk % Fiv> T, LifeAct-tdTomato DRI ZBIE 4 2 2 & T, Bk @R 2
CIEVHLAZZ Yy PHEBICETRT 2F Vv 749XV FORER, 24 LT TAEFIC
XV EE L 7= (Figure 4-5D). X610, IROHL7Zz= vy VHHEIEK S5 Day 3 ICk
W, TR [4-25)IC DT L —F =T 7L — v a VI X VO BB 2 B L,
NS PREEHEE T 2 2 L 2R/, 22T, Ty VHEBOMBHNIC, = v o
MR DRNDBIFHET 5 EARETIUL, L—F =T 7L — 3 vIic X Y YB3
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£U DL, RIS X 2O INELBIE SN, Z L ICEBELE L—F—T 7L —
v a VORI OMMEIL 2 BT 272010, L—%F—T7 7L — a2 VRS 10 /0, v —
F—T 7L —va vRIC20 DD X4 L5 72 %1T o7 (Figure4-5E). L —F —
T7L—va I X DR 2 R, SR LTy VHERICBWCT 2 F Y 74 5
AV FBFEL T B ELT, MROZED T Ao 5 % #IR L 72 (Figure 4-5D, yellow
allowheads). L =% =7 7L —vaviCX DT o7F v 747X 050K % &, Kk
DTy ¥ OERIT I I X AR T FICE S 22 I UiE 3 2 BP0 a1, 2 ok, 10 9
RS CHERR S EEAR T I & S ICUUifE 3 % & & 23R C & 7= (Figure 4-5E, kymograph).
UEDZ 6, BIROERMAB IR LTy SHEBUE, BT8O RD 2EE
T 2 NI IRFEIC D B 2 L AIRB I T,

Figure 4-5 | Island mesh substrates designed to induce tissue formation of topography-
confined island-like layers with overhanging edges. (A) A schematic of an island mesh
substrate showing spatially separated “islands” each consisting of 36 small square meshes with
a diagonal length of 50 pm. The separation distance between adjacent islands was 600 pm.
(B) A microscopic image showing isolated cell layers formed on an island mesh substrate at
Day 3. (C) A schematic illustration of tissue topography formed on an island mesh substrate.
(D) Timelapse images showing formation of an island-like cell layer by mESCs expressing
LifeAct-tdTomato. Overhanging webbed edges were formed at the periphery of the cell layer
by Day 3. (E) Representative timelapse images showing edge retraction following laser
ablation. The yellow arrowhead indicates the ablated spot at the outermost edge. A pseudo-
colored composite image depicting the position of edge before and after retraction. The image
was created by overlaying pseudo-colored images at 10 min pre-ablation and 20 min post
ablation. Kymograph representation retraction dynamics following incision of F-actin at the
ablated spot. Retraction occurred both in the circumferential and radial directions for a period
of 10 min after ablation. Scale bars: 100 um. [Figure is on next page.]
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4.3.3 T v PHEERNENGEBRNDTRE C LR K

~ v A ES MK 3~ 2 AR 1< 35 1) 2 REISRE S Zn SRR PN 0 2R R & % REMEIR
BEARTARD 7z0iC, BIRA v ¥ a M T Day 3 ICIEK & 113 Bk o kR I
7% OCT3/4 & AP-2y DFIRAEEE L /2. AP-2y 1%, MRIFATEHIIE L REINTIED ~ —
N —#EBEFL L THONTE D [4-18,4-26], FEIFE TR LAy v 2 @K E oA
JR A GEMAERR DB IR T FIAL IS W TR EA PRI N B8R TFTH 5. 1TLDIC,
EZE D=0, FENETLHHEEHRREL 274 — 7 RED~ 7 X ES Mifldics v,
AP-2y DFEBHIKIMER N Z & 2BER L 72 (Figure 4-6). X<, BEIROEIRMMICE T

RS S, BROERMEMCIZBOB L2y VHEEBFEET 2 2 L PR TE /2

(Figure 4-7A, upper left). T v VHIBICAIE T 2T, Figure 4-2 O v JHEET
I NIl & [FERIC OCT3/4 DFEIPMET L T\ 7z (Figure4-7A,upper). ¥ 72, 5
Ko EkAR O © v I E I 2 ML T, AP-2y O FIRIZHLIRIYE 2> > 72 (Figure
4-7A,upper). XTHARIC, Bk OB RO RN O MIAEIC BTk, OCT3/4 DFEH
DO b, AP-2y DFEBHMEA - 7= (Figure 4-7A, lower left). £ 7z, BN oM

OLV2-1 mESC line
Phalloidin AP-2y

Figure 4-6 | Immunostaining for OCT3/4-Venus and AP-2y in OLV2-1 mESC line culturedon
gelatin-coated culture dish under pluripotency maintenance condition. AP-2y was weakly
expressed whereas OCT3/4-Venus was strongly expressed. Scale bars: 100 pm.
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ICHRT, Ty P E T AMIICBWTIE, T2F VT4 T AV F IR ICRE
LTWw3Z e ans (Figure4-7A,right). —7, fBAHoMIzicsTh T2
Fv 747X FRBIEINR, Hl4 oMo IS o TIRIEL T2 &2 b,
Mo T 75 v REPBEIN-bDEEZ NS (Figure 4-7A, right).

JERAAED = v PREEIC BT AP-2y ZRBIL T AL, R L -Milekis A L
T3 Z L p@lgtd /- (Figure 4-7B, upper). AR O TR ITHIAE 23 E 2> 4172 T 7 3R
CIEUTELT 2 L EZ LN D 72, BIRO RO MBS & MR i< 50 2/
fa oMz i L <, MR 7 4 v 74 v 2 X 3R 21T 5 72. % DFER, Bik
DJE R DMK M I I T 2 MIUZITHEL T3 b DHRL T Lasbr b, BB
I WHIAEAE Tk OCT3/4 DRI & A3b 2> 5 72 (Figure 4-7B, lower). &
7=, R L -MfakL 2 FoMifd<lid, AP-2y DFBAHBHE W L Bbro7-. BE
DFERD S, MDA &, OCT3/4 & AP-2y DFRBZAIC BN S 5 2 & HIRIE
ANz, Toic, RYB LTy PHEBICE T 2N HIREERERT 57200, T
IF VT4 TR MITNATY VL I AL VIREH O RERO Rt R T o 72, U VER(L
IATVVEIL, T2 F v 74 7 A P AT 2 2 LT, IFFHMIIEIC I TIGHE
NuEFETDLERICABN TS, BIROFIRMEO = v UilicswCTiE, 77
Fv 747 AV roRFELRERIC, VYBLIFy vREHOREIBE I N (Figure
4-7C) T X H b, MBI N % R X0 5 Z L AA[RERIRBBIC 5 2 © L ASRB X L7,

IR DR IC B W THEIE S L2 OCT3/4, AP-2y, T2 F v 747XV, U Vg
b4y VOB 2 T, = v ViilD & Mk I i 2 CoRBI 0 & E &
I EEAM L 72 (Figure 4-7D). Z D701, Bk @R IC 310 2 F#EE 2> & rhoif
KT TD, 4 DORIPROHEEIC 31 2 BEEEE A HIE L 72 (Figure 4-8A). % Dk
B, T2 Fv7 47 A ) VB I AL VRSO X, BRIk BT H B
Ty VR CE D o 72— T, MR RS TIREWEER LS E 2L, Ty VI
B B RTEHMRT 7z (Figure 4-7D). [FIBRIC, AP-2y & JERAHM D HpEfic lb~ T,
Ty ViR G TS X ) mOEE 2R L7z (Figure4-7D). JOMHIC, OCT3/4 13
fite 715 % 7R X 722> > 72 (Figure 4-7D). Ziid, T v YFEIRIC BT OCT3/4 DFRILD
KT L7l o+ ¢z, ERFHfOMRICKRN Lo I ERFEREZLEZ S
N3 Uboh b, =y VHEBEFRN NI HIREE L S REERBIcOWT, = v
SR & MR TSI 20 C ORI AR AR L 72 H i AR 3 & AR &, FHEES
HbHTEPTRBINT.

CDZERILICHEP®D7=DIC, BIRA v ¥ 2 BERIRIC X 2 KRR IER I 4
v 11 HEHITH 5 blebbistatin, » L < 1%, Rho Bl# & v < 7' H ¥ F —¥HEAITH 5 Y-
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27632 AL, WEMHAL I A > Vic X 2R ZHE L 2 BREET °FE L 2 Bk o kM
FRIC B\ THIT 21T o 72 (Figure 4-8B & 4-8C). % D&, blebbistatin % il L 7254
13, Ty VHEHBOR Y H L AR L7223, FEAIC IR 2 AR T X b o
7=, F77, Y-27632 iU 7285E0%, =y VHEEBOEY HHLICERRED R o7
B, TrFv7 4T A0 e VB A VIR DR D FHERE S~ D JRTE s %
WAL Iz <, Wig&fEcox y CHEkic s T 2 MR 2 IR Lz L 2 5, %
Al Z AL T WG & R ICHE L 72 #ilg 23 /L 5 417z (Figure 4-9). #5H & L C,
SN L 2 HEFORE Tk, =y VTHEBOBK AR EZHES 2 103~ o Th otz
ZEREZLNT.

R LT, BROBIERRICE T, OCT3/4 DFRBKLT & AP-2y DFH EF AR
THHEMERAE DAL E U T 2 Ty PREIIC 35\ C, REIUER B 7o AR PN ) 2R BE 23
TI2FVv 747XV ) VLI AT VIRHOIZEIC X VYRR I N, £, 20D
DHARICIIAABED D 5 2 L AR E N2, MAT, FKOBEMERD, BIRA vy 2 id
FR EICH T Day 6 % THkfEhTE L 25 AIC DB vz (Figure 4-10).

Figure 4-7 | Edge-localized alteration in pluripotency state of mESC layer on an island mesh
substrate at Day 3. (A) Upper left: A 3D reconstructed image of an island-like mESC layer
formed on an island mesh. Lower left: Vertical (Y plane) cross-section images along the lines
indicated by Y1, Y2, and Y3 in the 3D reconstructed image. Right: Horizontal (Z place) cross-
section images along the heights indicated by Z1, Z2, and Z3 in the 3D reconstructed image.
The cross-sections show peripheral cells (edge cells) with highly reduced OCT3/4 expression
compared with interior cells which exhibit sustained expression. F-actin enrichment and
relatively high AP-2y expression at the tissue periphery (edges) is also apparent. (B) Upper
left: Enlarged view of the boxed region in A-Z3 depicting nuclear deformation at the tissue
edge. Upper right: 3D reconstruction of sliced images taken from the boxed region in A-Z3.
Lower: Result of quantification of nuclear shape of edge cells by ellipsoid fitting. Cells with
highly deformed nuclei (prolate or oblate spherical shapes) at the tissue edge showed relatively
higher AP-2y expression. In contrast, cells with round-shaped nuclei were mostly in the tissue
interior and exhibited relatively higher OCT3/4 expression. (C) Horizontal cross-section
images taken at the mesh substrate plane depicting high expression of F-actin and pMLC at
the tissue edge. (D) Intensity analysis from the edge toward to the tissue interior for the
indicated proteins. Mean intensities of each region of interest were normalized with that of the
innermost region. Gray lines indicate the normalized mean values for individual samples
quantified, while black diamond marks indicate the mean values of all samples for each region
of interest. The number of analyzed samples were n = 8 for phalloidin and OCT3/4-Venus,
and n = 4 for pMLC and AP-2y, respectively. Scale bars: 100 um. [Figure is on next page.]
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Figure 4-8 | Edge-localized alteration in pluripotency state of mESC layer on island mesh
substrates at Day 3. (A) Representative images of regions of interest for which intensity
analysis was performed. For the details, see the subsection 4.2.6. (B) Horizontal cross-sections
along the mesh substrate plane for blebbistatin and Y-27632 treated samples at Day 3. (C)
Intensity analysis from the edge toward to the tissue interior for the indicated proteins. The
data for control is the same as the shown in Fig. 3D. Blue and red marks indicate the results
under blebbistatin and Y-27632 treatments. For each condition, the numbers of analyzed
samples were n = 8 for phalloidin and OCT3/4-Venus, and » = 4 for pMLC and AP-2y,
respectively. Scale bars: 100 pm.
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Figure 4-9 | Horizontal cross-sections along the mesh substrate plane for blebbistatin and Y-
27632 treated samples at Day 3. Enlarged images of the boxed regions depict nuclear
deformation (indeicated by the yellow arrows) at the tissue edge. Scale bars: 100 pm.
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Figure 4-10 | Edge-localized alteration in pluripotency state of mESC layer on an island mesh
substrate at Day 6. Upper left: A 3D reconstructed image of an island-like mESC layer formed
on an island mesh. Lower left: Vertical (Y plane) cross-section images along the lines indicated
by Y1, Y2, and Y3 in the 3D reconstructed image. Right: Horizontal (Z place) cross-section
images along the heights indicated by Z1, Z2, and Z3 in the 3D reconstructed image. The
cross-sections show that OCT3/4 expression was still maintained in the interior cells but was
highly reduced in peripheral cells at the edge. In contrast, high AP-2y expression and F-actin
enrichment were observed at the edges. Scale bars: 100 pm.




434 Ty URENENGZREMEBABEEELRT DREIR

Ty VIR R 2 AR ) AR BE A S RIS B BIR 2 L VEEL <A
R570, ILhIENEIT->72. £, T v VHEBICHFET 2 ZHeMEDH A L 7= Hilg
)—=T 4V I35 %HIELT, Day 3 OEBROERMMBEZ KT 2 Mo 5 b,
OCT3/4 DFEBIHME > low OCT3/4-Venus MLt %, dOEEEMEL Y — 2 —iC k) vV —
74 v 27 L7 (Figure 4-11A & 4-12). RiT, A Y —F 4 Y I X VEIS L 72 low
OCT3/4-Venus MREHFICHT L T, RT-qPCR fEHTIC X b mRNA OFEHE % ~72 (Figure
4-11B). T BT LIF & CH RS L 2~y X ES#llldz 2 v b m—
L35 &, lowOCT3/4-Venus MIEEEIC B\ T, Pousfl (OCT3/4) DFBIZFERETH
Y, Nanog DFILT°CE D> o 7. Tfap2e (AP-2y) & Prdml (BLIMP1) O¥HIZ, low
OCT3/4-Venus MfEHfICB VT ER L Tz, FRC, Tfap2e DFB EFRICOWTIE, 5
433 THICH T B RIEHE YOI X B AP-2y RILOBIRMER L —8L 7-.

KT, AN PIREE & L ReREEZ (LA B CRIED—D2 & L THISG N T3 ERK

(extracellular signal-regulated kinase) + 7" F MBiERIKICE H L, ERK ¥ 7 F 0V RER
B OEMACICBE D 28I TH B Mye, Map2kl (MEK1), Mapk3 (ERK1), Dusp6 i
T mRNA R DN %17 - 72 (Figure4-11B). Myc ¥, ~v A ESfildics»CcHC
IR & 0 (LEEICRE D 2 BT TH 2 2 L M SN TE Y [4-27], low OCT3/4-Venus
MIREEEIC B WTIIFBMET LTz, 72, Map2kl & Mapk3 DFILIT low OCT3/4-
Venus Mg icEWCTER L Tz, b DfERIE, ERK v 7 F A RERIK O
I Mye DFBPHI S D 2 & 2R L72EfTFFE[4-2818 —3 LT3, & 51T,
pERK1/2 " A7 7 X —¥TH % Dusp6 DFHLL, low OCT3/4-Venus MAIHEIC BT
CIETLTHY, ERKIEWLZRE L T,

ERK JEMALA T v CHEBE RN RO D TH 2 2 L 2L 5720, FIEHOEY Mk
Z T pERK DRI EZBIE L 72 (Figure 4-11C). % DFER, BRI 5 5,
OCT3/4 DFBAET LT3 v JHEBICE T, pERK DFREAEHE X 1L7- (Figure
4-11C). Figure 4-7 T/ L 7= f& B & FABEIC, AP-2y OFEH AT v VHEIKIC BV CHER T
% 7z (Figure 4-11C). T o OBIEMERICH LT, 3 4.2.3 HHL AR O E R %217 -
7o & T 5, pERK & AP-2y DMEEEITAHAHAER & ik L <, = v Ul % & T FkE <
FlTeo T3 T LR TE /- (Figure4-11D). HBRZELC &, FEHELIAT viC
X BERNAWHIT 2 72010 Y-27632 2RI L THEL - BRO BRI T, B
Ko JE KRR D FFxER 12 351 5 pERK DFEEEAME 7o T 5 2 L Ab o7 (Figure

81



4-13). Dbkt » 5, BIRRA v v aBhERRIC X W K S - Bk o @ik s
W, Ty JHEERFRMICEL 2L EEMIREED 2, ERK iEMEftick vE[ ez &
N7 ERRBI NI,
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Figure 4-11 | Edge-localized ERK activation associated with pluripotency alteration at the
tissue edge. (A) A workflow for RT-qPCR analysis from cell seeding to cell sorting. OCT3/4-
Venus low expression cells were obtained by cell sorting at Day 3. (B) RT-qPCR analysis at
Day 3 for mRNA expression of pluripotency markers (Pou3f1 and Nanog), germ cell markers
(Tfap2c and Prdml) and ERK-related genes (Myc, Map2kl, Mapk3 and Dusp6). Individual
mRNA expression was normalized against Gapdh and relative values were presented in log2
scale, with standard deviations. (C) Characterization of pERK expression using
immunofluorescence confocal microscopy. Upper: Horizontal cross-sections along the mesh
substrate plane. Lower: High magnification images of the boxed region in the upper images.
Pronounced pERK expression was localized at the tissue edge and correlated well with low
OCT3/4 expression. Scale bars: 100 um. (D) Intensity analysis of pERK distribution from the
edge toward to the tissue interior in comparison with OCT3/4 and AP-2y. The number of
analyzed samples were n = 5. The intensity analysis and notation used are as indicated in
Figure 4-7D.
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Figure 4-12 | Criteria for sorting
OCT3/4-Venus low cell population by
manual gating. from the cells cultured
on the island mesh substrates. First,
Venus high population was determined
using mESCs cultured on culture dish
under the pluripotency maintenance
condition. Then, Venus low population
was determined using unlabeled
mESCs cultured on the island mesh
substrates. The cell population with
low OCT3/4-Venus expression was
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Figure 4-13 | Edge-localized ERK activation associated with pluripotency alteration at the
tissue edge. (A) Horizontal cross-sections along the mesh substrate plane for Y-27632 treated
samples at Day 3. Scale bar: 100 um. (B) Intensity analysis of pERK distribution from the
edge toward to the tissue interior in comparison with OCT3/4 and AP-2y. The number of
analyzed samples were n = 5. The intensity analysis and notation used are as indicated in
Figure 4-7D. Red marks indicate the results under Y-27632 treatments.
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4.4 ER

ARWFZETIE, Fi7zc it Lz Bk A v o 2 EERM % A o CHUIBIIR 2 i+ 2 < &
XY, iR EE2 oy JHEEER Y L BRSO 2 FE 55 Z &
I L 7. APgEiR, Z o BIROEIRMEMRIC I T, =y O mEIsR S 2R ) 2
KRB & ZREMIREZ AT D TH 5. Ak e LT, BiRA v v 2 ME N ECEk X
N7 BEROFINHMIC BT, =y UHBICAIE S 2 #ildD OCT3/4 DFEUXT, B X
O, AP-2y DRBIEA BB I N, T2Fv 74742V eV VBLI A4y VRO
ED OIRNR I NS Ty JREBRFR AN IR, C DL REMEIREEDZ AL ICE S
TLZLHRRE L. 2O XD REERRN AL REIREE DD, LIF &0 %RElE
MEFFRT R Fl W 715 8B 4T, e &b Day3 ICBEWTEIE I NS C & IFHEEFE
HETH 5. LATFRIC XY, MBIZIRIC R S 2 RN 2 IREE 23 % Al i D T2 fg
FERICEWTEETH S &25, YN IETICE W CTiED? D b 11T\ 5[4-29,4-30].
72, SISO MR 2T 2 2 2 ic X v, B ME~DHELTEDID 5
EERHTHON T 5[4-31,4-32]. KK CTBIEINZT 7Fv 747 A e VgL
1AV VO Ty VT ORGER, M — EAREEE EE L R AR BV CER
oD DL, MO FN R RERICHERRNICIVELTCwWE EEZLL L
T E 5[4-24]. AW TN PREEZ o IcERBMT 2 L I3 TE b o728,
L—%—T 7L —vavoiff (Figure4-5) &Ml 0L OBIEMR (Figure4-7) »
5, Ty VBRI RENSFET 5 2 & B EMEMICTRE L, %REMIRE D 2L I B
422 RRBLT-. EBIC, ITHRICXY, 72F v 74 747 MERDBEMND
%HetEE I D L IcBE b 2 2 & 2SR & T B[4-33, 4-34].

ERK ¥ 7' FARER G, TP HECIE U CHREMIREEO 2 i & & & & g
KIETHDTH 5 Z &BERATIHIEIC X W IE ST B[4-35]. £7z, ERK v 7 Fin
R, WML I A Y vic X AR oA, MlRBElicEs T s T o F VT4 T
AV FOEAEICXZMIEOEZFMEL T2 2 &M I N T 5[4-36,4-37]. L7z
D30T, AW CBIE I N = v O REIER R AN ) IRBE A3, LIF i s C
b, BRoOERMGO =y PHEBICE T S ERK G L 25 2 LAzt &2 B2 &R
TE 5. £72, AP2y (3 AEEMI OGR4 v P 7 — 7 ICB W CHERERT &
LTHILNTEH V[4-18,4-38], {3 T TR L7 A v ¥ a EHERICE T 285 T HRRE
L OMERNRITIC B W T D R EADPHER SN T WD, I 51T, AP-2y 13, RKEHIRLE
~ O 72 4B EER IC BT SOX2 L FAMIC/ER T 2 2 & ick b, OCT3/4 &
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YRR EZ R T 2 & G I N TWwB([4-26]. L7228- T, ERK &L E AL T,
OCT3/4 DHBUXT & AP2y DFB EFAN L B ICELZEEZ L LR TE S, ERKIE
AL DL HEEDH L ICBED 2 Z LT TICAIbh TS, =7 X ES #MifdicsvTii,
MYC/MAX &2 ERK & 7" F kg 2 ifil 2 2 & <, bz HE T 2 2 &»
i X T 3[4-28,4-39]. AWFS2IC BT, RT-qPCR T DG FRIC X D Myc DB
BKTF2RD 5N & (Figure 4-11B) 226, Zh b DT EZE T NIE, ERKIE
AL BMEE X N, LHETEDWEZFI X L2 ERBEINE,. L2 > T, A%
TSI N Ty VR R R AHRRN ) SR DS, LIF S BT, ERK G
ZHLT, BRRoBEIRM#O = v I E T 5 OCT3/4 DFRBET & AP-2y DFH L
AERBIERHILAELEEZSLZENTE S (Figure 4-14).

RIFFE X, BIR A v v 2 fEEIAR E O 72 SRR o filiEhc X v, S aEtEapiiie o 4
TR BGERE I 35T, FHARN ) SRR DS SR 1Y 7 L e tE IR B o 2 L icBi 53 2 2 &

Topography-defined cell layer Edge-localized mechanical condition

F-actin / pMLC enrichment

'

ERK activation

\ an Pluripotency state alteration
/ \ Low / High AP-2y
High

Low AP-2y Edge tension

Figure 4-14 | A schematic showing association between tissue topography and pluripotency
state transition in cell layer formation on island mesh substrates. Edge formation without
substate support on the suspended island mesh substrates is expected to require enhanced F-
actin and pMLC development at the edge, as observed. In turn, the resulting actomyosin
contractility (edge tension) might activate ERK-associated signaling pathway, leading to the
observed pluripotency state alteration at the tissue edge.
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ERB LD THDL., Lo Lass, blebbistatin & Y-27632 % w7z T A4 v
DIRNHEEBRICEWTIX, T2F v 7474 A7, VUi 4> VBE$E, pERK O
WTFNOFKRDB DT LIE T L2D0AICHEHE Y (Figure 4-8B, 4-8C & 4-13), HEH %
ML CoRWEE L FEERICHE L 2l g Sz (Figure4-9). 72, XD EW
RECHEA ZAML 25810 EFEREIME ko TL £ 572728, BRICEN %
FHES 2 2 LI L <, RIS CH W 72 BHEA OB LI 1 2 FHE L 0 T & 72
otz LaL, EAZRMNLZHAECECTS, Ty VHEIRICE T 3R OFFEED
MBEINBERBPBONEZ 0, Ty VHEHBOIEKICEWTRNBHETHD Z L
BEZ LN, To—RE LT, Ty VML, BRoREREMKD N oMa 2 5eE 3
LI NG 20, Ty VHEBOEEGEREICE W IR 2RO 7z0 i3, ’RIA
TPAET BAHRRN I 2REE e 7 B C L R BETH B e BEZ LN B,

AWFZETIE, T v CHEBER RN RN AIRE & ERK b2 RS 2 TR
2%, ERK JGEMACICN 3 2 BN 1 RED % 5%, BRNRA A, VTV AKX v 3
VIR E LTHIO IS TE R o2 2 I3 L LTHRS. ~ VR ESHllldicks T2 B
KR AN 7+ 7V RE T v a vigikofl e L, MIlEEER) KT 28 FGF (fibroblast
growth factor) DT ¥ F¥# 4 b —2 X%/ L C ERK i L %358 L, ZREMEIRED K
ICEE B T L ST IC X DR I T 3 [4-40]. FHIE A 2 % R IRIEED 2L D
AAZAXLBHOPICT B7201C1F, 5%, 20X GRIEZHOLICTE 2 L RAMNE
TH5. Lid->T, KO EIL, <7 % ES Mo @R D gl & il c
Si70 2 ZREVEIRBED D b 1, T DL REMHIREEDZ L 3 RN S 2 RBBIC X D AE T
52 RTRBLIEDDTH Y, LEEMEEHIN O MR BOBTE I 35 1) 2 FEUSERE R0 72 % B
TEREDOZ LML HIGL 72D TH D L EF R 5.

=4
45 I\:Iél:ﬁﬁ:ﬁ

ARETIE, ~ v R ES MR EGER IC 3 1) 2 SRR 72 % RetREE 0 2
L3, BN TIAREBIC X VAT 2 2 L 2R T 720, JERMHE ORI %2 Hf# 3 25
L, THIRREM AR T RAE & LR IREE O BIR AR~ £, A v v aiiE
B ETF A4 —7REED~ v R ESHIETERK T 2 IRk Ic B W TiE, BEXDfkh 2
TEI S 7 2R 2 R L TR Y, fERIC X > TR AR 2L REMRENBR Iz b
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CEHLZ., 22T, BREMSACICINZL OB IS X I TR L ZEBRA v
o a SRR 2 W 72 ERET L, IR 2 WIS 2 2 & T, sEHER R RS REEIREE D
ZACIC PUT TR T~ Tz, Bk A v v 2 G ERZ v 3 2 &2 X0 BAR o Jg IRAH
DI E A, MO v BT ERDFE L 2 WiBICR Y L 2 BRE R L. C
DLy PHBICH L TL—F =T 7L — a v E{To 458, RO X 3 ko IX
M CcE 2, 72, Ty VBBV T, RNORBRECEDLDE T 7F v 74 T X
VEEY VLI A Y VIHOBAE A RN BR I NS L 26, Ty VHEBIIRRRD
AN PRI H B 2 L 2R I NTe. X O, IEHDE R AL IC X 2 BI% B X URT-
qPCR T DfG R, = v YoM, LRt~ — 71 —TH % OCT3/4 DFFKAL,
RIRAEI~ — A —CH B AP-2y ZFHFHL T B Z L RZBHLMIC LT, ZOfRERZ
o, FHARNTISIRAE & L REEIRBE L 2 B CREIE D —D & L THIL N T W3 ERK ¥ 7
FUGERIBICER Lz L 25, Ty VHEBFRNIC ERK B LA BE s iz L
5, Ty UHEEFEL RN IR EEDS, ERK WML R AL T~ v X ES D % BE
TEIRREZL 25 ZHEEZ LT 3 A[REMEDS R I 7z, KSR e L C, llihaisEikic
X0 MR & HIE 3 2 RIFFE 0SB 2 7 7 e — F1C & 0, ZHREVERRIIIE o MR AL
R BT, RN ) R S RIS e tE IR B o 2 (L IcBA 53 5 T L RS
2T L 7=,

SE W
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