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tifX^Z o 
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[0030] t>^$2 0 0 kPaJJ(T(7h 'J VJl>& 

3-hUfcJ&Vtft£)T?£> £t>\ £}#{*© & =i 

-TiyVtMrnzk? TlftL?l)o ) ZGTZ'ffrWi&tt-e&ZtJ: < 

, LT(i, /W h'P W 7^ lUUZ^ K^Mk 

-tf^x vhuwa "ttibizm^ 
£ti£d<h&&l\ &fc\ • +M X • filCjfci;T, £ 

}#{*©£!£ 

tiii©^wy6) ^/^-xbt£ (flutf. 
MJ7) d^^Rrfg-efe^o £&{£© 
W.^ tes if £ L < tt, 1 0 0 k P a <fc y if £ L<(i1~50kPat 

S)5o <fclN U £>£Wi, 

£<HJCD0!IT®U XttV #:©JWC & £ «h <fc 

s<il©»T®^uxtt V#:©JWC&£ d t iz& y, 

mzz£ 9 ic&y. <fc y 
£ti£©-eM-e&£0 t/c, 
<fci\, Mfrt)lt<h LT^. 7h U^Jk ^-X xv^^X =17 —y 

(c^L/c-^yti, ̂ toSP©£I£ 
tfjissp©®£<fcy@i^u^i£^£ftte (mi£©^«y6, 120W2 
1) ^toSP©£I£&, 2 0 0 k P a^TFtfjglE'e&y, J1SSP051 
£ tt. ^tonPi: yHf) frtttl&<fc^CD^tonP<hJl3SSP©JSIEft® 

(c<fc OTmt L9 •So y©SI£ (c ̂  
PeW^iB^fs^Ltcfl\<D-miz. £ y 

/•^-Xb */t>SP0®£tfJiSSP©iiI£ 
<fcy@lN£lN •?/**->£ 1 (ti®WJ 

7, @2 2iN ^>T-fW-» ^toSP©£I£&, 2 0 0 kP 
aJ^"F^jgIE-eS>y, J13SSP ©£!£&, ^/t>SP<fcyfiie>ANl:J-fttf<fci^ £ 
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/t>9s t JI agp (D igiE tarn. ̂  & =i - T- <y <? t mt iz^-izmtL? 

CDfil^y 1 ^\>X±MtZ>Jf)\sW&W&&W (tiii© 

@22^ ?-$)Zo JISSP©®^^ 2 0 

o k p aj^rFtfjgiE-e&y, jissp^yii^frw-fttfj:^ 
t>\ y<f£mmz^^xm. 
it L 9 •So 

[0031] i£#0t©^Jtiters 3 0-4 CC^-TSro^ifS L<. 

3 IA\ 
mm&Uimtes 4%~5 0%tfjg^-c&y 

, 1 0 %~ 3 0 %tf a?£ L < s 1 8 %~ 2 5 %3bU y if £ L 

[0032] ^ £4$ (c PI £ £ tit* 1 2~144Hrii:t50 tm £ L <. 

BUfrbtt&btcmmjkxf/wzmwtfrbo. 4~iomm®^ 

1 2-4 8mmtt&(Dmi3.L<. I? 

1^ L 0 . 4 ~ 1 Omm0t^0«i 

12~ 1 4 4mmtt&(Dmi3.L<. 

L/c$fflMt//XMM^^0. 4~3mm©t?^©«i^W^ 

n- £ ic 12 ~ 9 6 m11 z> (Dtmt L <. m& e>#s& u tcmm,jkx$/ 

Xiumfrb 0. 4~1mm 12 

-9 6 0#r^ £tZ<DtiW£L<. foUfrbttM. L /XttMMfr £> 

0. 4~ 1 0 1 2-9 60#^ 

£t2><Dt>w£L<. mufrbtt&btcmmjkxf/wzitmfrbo. 4-5 
1 2 ~ 1 4 4$$W\tt Z>(D1$ 

i?£L<. I fc«S^/X(i il^ f) 0. 4~10mm®^ 

1 2 ~ 1 4 4nmtt^(Dt>mt. b<s 

iif)^MLfc»tf/X(iili)^0. 4 ~ 1 Omm0t^0«i 

12~ 1 44mmtt^>(Dtim^L^o t/c, \ p 

S«&£'©#t£tt«fr£>0. 4 ~ 1 Omm©A^0»l^« 
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48-1 4 4^mtt IA\ 

fititiztcfyiz, zniz 

8L-WLtffa±.tz>}i3£x.iotiz>o t/c, *%m(Dj5mz&vwm^ti&mm 
m^mzs m±^i<g*LT^^ mmmzmm^m-zfc&o 

*miz3am<DMmm&m&s K est# (W020 1 
3/04 7 6 3 9) , liver bud, liver divert ic 

u I a % liver organoid, pancreatic (dor 

sal or ventral) buds, pancreatic di 

v e r t i c u I a % pancreatic organoid^ inte 

stinal bud, intestinal diverticula, 

intestinal organoid (K. Matsumoto, 

et al. Science. 19;294 (5542) : 5 5 9-6 3. 

(2001) ) mmm&m&s mmtzMm® 

mwk (x 

(1 mmJ^T) T?£>£0 

[0034] SBM^btCcfcy, 

ZJfM U a tilzJiV £ tfpTffiV&Z 

o SBliSlbttx in v i v os i n v i t r o tlT'frfotlT t 

<U\ 

iCcfcy, M 

SBiMMb^^Bd -Pt, 
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^blZ, JFFI1&£©<£•?£, ^©4M^H©/c 

sblzi£s BUfDfrtebts JIW^ISW*:©^. 

^t(Dmm(Dmmtf>&m£tez>mm^%ifei±Tz>o *fgBj^c<fcy, m® 
zM^wttwrnt%z.tiz£vs wmztttz 

g ̂ mmkmrnnkt LT©SEtfmft-z nz>0 

[0035] ±^(D75)iiZ^m^utcmMM^w^m%t^^(Dzh^a 

[0036] t/c, *&m&s 

[0037] t* blZ £fcs *fgB£tt, %£TZtiti<Dmm<UX.l&V^<DMWV$>Z<fJl> 

mcomm&u x&v^(Dmtzfozz.tiz&v, ££H*©*&#® 
t&<fc 9 ic&y. <fc y 
ti & © -eM -e & & 0 *£ St" & <m © iff® ̂  u x & v #;© JWC & & 
#^d#{*&±i£©ay 

*fgB£&% ^/t>sp©5i^^jiasp©5i^ <fc y 
-t£0 ^©-^MI*§£m;£©^«y6 (|2 0M*2i) (c^-t0 ^toSP 
©*!£ &, 2 o o k p a y, jiagp©®^ &, ^toSPi: y n 

£l#ft©^toSP£Ji52SP©iiSlE&iiI;*&=i—y?t 
mnzk-o T^ku?5o 

t/c, *fgB£tt% JiSgp©®£tf*toSP©®£<fcy@i^M*i&^ 

*fgB£tt, t^/t>SP©51^^JiagP©51^J:y 1 TO 

±t 1" lit o ^©-^M!*§£t£i£©^«y7 ( 

02 2S, (C^-To ^toSP©£I£&, 2 0 0 k P a 

"F^iSlE-efey, J13SSP ©£!£&, *toSP<fcyfiie>AH:mtfJ:i^ 
© ̂  togP «h JI agP © isi ft® £ & =i - T- <y y t mt iz <fc o T mt u 9 & 0 

^B^ti% jiagp©5i^3b^toSP©5i^<fcy@t^tN9/^^->?: 1 \mx 
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022^ IZTFTO mmtWW^tes 2 0 0 kPa£l 

"F^iSiE-efey, 

<D ^ to t JI asu <D is i Km $ & =i - T <y 91 mt i z £ -? T ̂  b L 9 & 0 

#/X&MM£ t u H-& d 
in V i t fiES 

mnmvmmRxf/xiumtmMmmtvm^vismiz'D^Ttes ± 

H%^!l 
[0038] UTs HMJtC<fcy^B^^||^s¥«ffl^UiB^-ri>0 

c^Ste^y 1 ] 
[0039] 

mtm!$miz3iCz>mmmtmwmtkm%T%z.tiz£v in vitro 

•Zti2>ZL£%%& L/co LAV U d©*§ft^y ̂  ̂SE^IHkrof 

;<iizXAi^<^-es>otco 3$*&d 

©IffliS^-—y K©SB^-nSJ^AvlQip^ lJ, 

i;& $ d £ £Bjj] 

(CL/Co S&v Sv'J^CDfflte «I£) £# 

lc<fcoT£SB£ftTiN£0 ^ sm I? 
lis EIK flrfu toils F?HU IKU •$ |Q(C(i^^r"atjN^||^'Q^HL/clffl 

JS/MMfr b 3 £ d <h IC$J& L fc0 tl/c 3 &5cJI 

mts fiiWPimm%$B.frz±tiztTjm$.(Dmzt ocmw^tu £e>ic 
. ym^*^^$m\\:Ltc=K5b$mm^&wmzmmLtc0 ^ 
(Dw$.mm%:Bmt±-z\ n<omw}^ SBM 
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[0040] M&t: h©®S5-8®@^T#<hPMti£MS 

fuEllftCDS^ 

ftfomm*. (3-D) (PSC) 

{1ktZ>Z.£tf7Z^Z>Z.£lbm)tLtc0 mit Ifctl? h U 

3M*0 p s 

(2) 0 m. 

B(D(Dt>^±tj: \ n v i t r o ©£#~F-CJftF»3 

(3) o in v i t rotdSlfc 

HSGDsfGD&ffitt. ($$) Sft^JH^UTJfilW 

\t^um^^-otcMmzt^0 z.(D75)^ jfaw-fb^ntcst^roAxw 

J&mM$L(Dtctib(D%f\ lANjifclPK t©"eS>i> (4) 0 £©<fc 9 &J*(iu©iB& 

<£ ¥iI&2^i£#7°U- h©T(Z)i£#(CtM;b£>-f 

L /c«(c#t iz A $ ^ titc z. t ?•$> Z0 SB 

MM-fbfiDSfcfrffi&'Ctt, -JjKlCilllg&j£©9 6 ^xjU7°U- h-e$^P>X 

-(5, 6) 0 f MH^HD 

£ p< t - X A £ L. SE& £^SEf £ /c to IZ ^ RT^ H £ BE ^ AMcr £ 

ZtTZfo-itco ^ LTIt^b£tl/c^#©TT\ 

£ stij5£ 1-^d^(C^]^/cd(Z)7 70P-51© jStt £ M L /c o 

[0041] 

0 n (i PSO a^omEU 
flfflR (HUVEC) (MSC) £ 
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Ifc7 h 'J o =7 

-f MM\t^tltct)V15 J -f h 
(il ) lC<fcoT^£ft£<fc9&S3Mif§Mb£&i;;/c^CD^ 

. -ftLxmmtZs 
=L-y htLxm&niK T<*lz^*ibizi&&T2>zttfn%t>frttii?tc 
(iDo 

s MimSWCi: y ^^{^^JlnPCD-fi/:® (square root of c 

el I area) <hF]ff^l3£ (Ci rcularity) 

fc(|1b)o 0 Mm/ 

"zommrnxm^-s o o ^m/Mc^t 
WXSL/c0 ~15, C i rcu I a 

r i t 1 0~1 3 0#F^c:tt#jO. 5 

©st/Mit^L/co ^(ommniiP(C$EI/ (0. 
8 5) (CJjXSL/co 

[0042] &±<D$&m*s $1 

BffiM<D)&mz£2>*,<D-Z$>2>ZLt%iFV&[;-CV2>o Sf^ti^JiSPCDg 

*&jtmmmmm 10-151^500 nm/hiztmu zti 

tZ$B§kM§kffltZM/J> Lfcft^ Ztl&Mn'fatfK e Ivin-Voigt mo 

de 1 ti*?ffi§km§kv&$tizi3¥tTJMz}Bz>rjRilfeLr^zc:t&Bg 

Kelvin-Voigt model X jfrMX 1* Z> Z t ifjjk tlX lN £ 0 ^ 

tcs Z(D£o tZ.£&W<Dhi* &J|Xft§©IPI$&lC 1 0 B$mW L tct>\ Z tilt 

LT§BI3 "£•£>•!> t^TL btl&o ^Iftc i rcu I a r i t y 

mm i 
T^£d<h£^LT^/c0 « 
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o X IN£ Z. £ LT IN£ £b tl&0 

[0043] in vi t rot, Z<DJ:? 

Tzfcdt)izmw&fflB&<Dm&&mfeTzfcit)iz% m*&#tgmiz&^T3 m 
U<DT*r<DRrffi&$Zfr'£t>1±&&EtLfc0 

T&£^mmtf^mxfo%z£mmhtc (®^0, i PSC + EC, 
EC, iPSC)o MSCti^tetS 

Z.£tf+ft$kVrZ$>^ X, I&Wft&MB(Dfem£<MWX%:l\ i P 
s C Shroff ̂ EiiBS i: M S C h (i PSC + MSC) , MWft 
SWtMSC (EC + MSCK ICcfcoTfc. mxfo 
•otc (il) o MSC^4[-et^^(iffM^tl/c^\ MSC##m© 

Ecm i pscm i psc + EcroiN-fntcaiNTt, 
*>- s^©flfeiNjmm%mf$Tz>(Dfrx\ $mmttiz®i&tz>z£&^mxfc 
^tcz.£titafrr>tc0 t/c^d#{*±-ei£#Lj&iNjft 

(2-D i PSC + EC + MSC) , ±5&Ltc 

mmiz^-ox^ztiz, 'wmmwzwbtuztztMz, 
, :ttlb(D&W£mm(DmmzMt^MSC(D^tl(D^^^\y^JUX 
ffilfco £S^^£®glC£W-£E©JIllIPlBAlCi>lN-c&% foZ>mj&(D 
i#&j|x&S£SW\ i (MI i) ic j; y iEii SfflflS-SfflflS 

w<nmmwm^z$mm&\tz>z£%&tc 
btz£mabtiZo tzxs (7) £mmp^y 
• -+M KP< MJ-(C<££1$7<^> S©^?£SLTM l l A£^Ste 

ikt&S 19 4 3 ( p S 1 9 4 3 ) X(DM I I A0 'J >M:©B^i£M$c# 

^.(Omt^m%t^Z£\,Z^^X. M I I ©St££ML/c0 M I I A;£t£ 

ZfefetZtctiXD^^-Ztltcg, (8) (Cg-^VT, 

WBf&ftXTtT'f 7°M I I Atf^U < 7>> 7°U^n. U-K^tlT 60|^(C 

(1) o i P SCa5feffF^fl§^d3lNTStt'fbM I I Att 
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cdtUiMS C(C<*:£M I 

I A CD Ste-f b d CD gi m ft 3 CD KfiE £ II T ̂  £ d <h £ ̂ Pt L T ̂  

£c ££>£, d©SftjbM I I L 

Ts Z.<D$k£Wm&t>\ -JXy^^^-y (§**/> \ I (Ml I) 

AT P7-tfPM&J) (9) o IHiBC 

. h o*i—tfPMSUY-2 7 6 3 SBtfftlC^te 

JFM (iD ~15, 

, (in (Dmzswmzs.m-ztiz'r^tij>*amz£zmm£ 
^p<^-XA(CMLT(i, AMD 3 1 0 0 ^ 

^onii^ftPistc^-r d o) 
fritctclsblZ'Mj&Lm^t^TLbtltco 7<7 

2H£s WMM^^M^tXW^^tc^lzmM^^M^^tc LT^Sc 

t if d CDlSHfr bVftb frlZft tco 

[0044] 7h <J 

(1 1) o osy, 

^-mm®m^\ti%m'MTz>mfc(Dffiftiz&^T. »#*§©3S2J^ &WL 
(D^b¥ft £ <£ tm£) t)il¥ft/^ P< - ̂ iz £ -3 Tmm£ ti% d <h £ ti 

(1 2) o ^d-C^*tt, «II^C£tt£JJXifsp<;b-X^C^T 

t d © 7°• -tz x T? $ & CD-e&tistsu#com^ mmiz & x 
Z> z Z> tifrfelstco n* (DftfifflftlZ&^T £ KP 

tf)\/s Z\=? — tfys "y^. — ys entact i n s J:Xf:ttlb(DM^-'atD 

i±<^f^ ̂ ^'fb^CD^#TT'7z7v h£rfr^\ "7 MJ *f JU&^CDSjfiiEillJC'n 

h 'J ytZVfoZZt&TikLfco $ blzMWteWE&BB 

mzt&fc&izs m*izzz-es 

L/co JM*ft(c&, tkik¥-

i3¥faakft*&mzm&psffiteftfe*Gtz>£ FP^^H/C ®2) 

t d5. 2 4mmfc&vmmmzmbfrteMB&M-s&wz&^tfmtf)btiz 
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Z.ttfVRb-frttZ-otc o C s (OWM*. K U-7> 

Ls (v e I o c i t y) <h jljiilBfqitt (order paramet 

e r) £MfL/c<hd3. 17 k P a©0t(C*I*£ 

vitz.ii tfBR bfrttz? tc o d ©ISH&, «^3Sijt©£I £ 

-D-zfoz>z.t$:Bnmz^LT^z>o *^T©H^-
^» + -mi§?ife5MSCs(i, ^Nb^}g*£&i;to*§*&70P-tzXT 
mechano-response d. <h <Q tlTl^Z) 0 — j|&(C7v7 x. 

p>T Kft£'©ll^{*©ffM(c&, 

©*@S^ffl£±0£d<h;6*/&^T£>£/c<!s/), *^Tt E = 17 k P a 

o^m^mixifzQjt^tem^^mLtct^pLbti&o MSC (ID 

JlXftltf ^ A T d tl Z. L T IN £ RTtgtetf £> £ «h IS 

[0045] MSC fi5fc©JJX*f5^d©g 3ll^K]©^toT&£ d £ %%l*tZts 

Z<DBMtes 1%&<DW£m&&BRj£tZ±~e<Df&M<D&&lZfflffi%:<. ffe 
©us©§^mmtrnzm^tzz£tf-z%z*,<D£i§z.t>ti2>o ^*et, 

STIi(Cj;b$xfti£lN^7°p/7^A(C^9 Z£T*$>2>Z£tfB%t,frlZ 
ftotniN^©-e% 

J£||£tlfc^X©M/3« (MIN6) ^ H 
UVECtMSCt^iUfci::^ |W]«|(C«ll^*©ffM£§£to/c ( 
13) o s.m-ztitcxjistfj'f wftmmtk^mttztcsbiz, m 
m%mm^%mm,^titcmm^m^x^^tc0 E;^Z7^>>tmmm 
tkusabi ra^UVi/' (KO) 411$ M I N 6 AWSti 7 2 0tP^Tl?S 

L/Co ttazMb 

Ts (EGF P) WMLtcHUV EClZt)Vl3 J 4 Kft 

SP©M I N 6fi5fe©l®££S9*v K7-^ti^^ffML/c0 ST 

Site d3INT Bib L/cK]^iI^\ M(Cfc^NTtST$^ RTfgtetf^tl 
tc0 
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[0046] Et 

(i^2OO/im0) 

L/Co m<^^ztizs ST 

B,s H. Bs toll. WB,s JR £ Melius (13) ^t^hUfct-^T 
7°Tl£fctlT^/c0 A^7°7>-r E£<£ 

ft(C^-©3 D^jU^V-r h*«lfcci:^Lfc (13) 0 m&W&s 

(HUVEC) tk^ti^nzmmtizts mm^(Dh^m 
©iii^7^p-f (mmtmm;-! 920#^) -htb^-r. ®m-z 
tiX b frlzfc\,^r$x U V H°X > h (DmMxi^^Myk^sti^ z t M 
b-frtte-otc (¥^;tt;«P^ ; ~ 7 2 0#r^) o Ztitt. JlaWif3i(Dtcisblz& 

£Jf©ft^gB^7 7°P-51;6^®fe"e£>£d<h£^PtLT^£ (i4) „ 

H U V E CteUTii 

i n V i 

v (14) 0 

[0047] mm^ZtiZs 

A>iz£*¥**$ L&^ ( 

m7) o LfrL. K^rg 

BM^btc^ymiJ^L/co flUtf. JftJ£gJlG5fe©:?NUff>''r KCD&ffitt 

s (14 D) L/c 

^©Biijps$(ca5fe'r^^;u^v-r K&^©J: •?&$&$ (@7, 8) 

^^•r^©(c^L/co p SCfr£>S^NbL/c«£*Uffl 

t Z> mm L /c«M £ O izm®] 
mtentkm^fD'^vjA<Dmm*m&tz>0 nmMbL/c« 
tt<fc < JfilWfr£ UfcMTO^T fc. 

[0048] ^ ̂ tC. M«£fti><hLT. l¥«Mf£»L/c0 3^M^;U 

£V-f K0&*lttffl5£ (~4 8 0#F^) d 
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ti e>* - v y vmmz £ y ti tca 1 4 g @ u *> tf 
x>h©li*I^ (|4, C) S7 —££=& 

(14, E) «Lfco d©<£ 9 

LfcJf^C&§£to^tlft;6v^/c (19) o 

•zntc&gi&s ^Hjfiiw©?&&*v K7 

-^iCcfcoTirnSicmW'fbStiTiNfc (H0)o 

wffl&s y m< <t y t^ 5 {£©^jt^?^£ tmu *> 
ti£^\ Z.tit~MLT, St$£ti 

<13lNTIE^;$.iJs£ (H34% 19) ©Jl^l3(cJ;b^^$fflifo.Witl?^jl! 

tHZW& (4. 2te) T&£d<h^£tl/c0 

L tcm^M LTfey, § BMMb (C J: y L T ̂  

££©£#*. e>tifc (11 1 ) o ^ ̂  tc. ^±©^&1££lWr£fca&i;: 

, in v i t r ofi5fe©/S$ffl^^>/U^V-r K£ I MI'MM ^ 

X©BMIlT(C^SL/co iSiffi^LT, &*&s -f>X'J>7°P 

"f: — ^ — (C v 7 T1 U D N A|Alfef$:S^, HP ̂  

ft-Lfcmm; b (KU^) -T gwz%&MLfc0 

vzizssyT'jTmm (DT) &5-&ffistcmmmmmm6Hgizftt:istc 
(Dtzttbs /3fflB&#jisXs>r ^^ma^titc^ryxitMHii^JE^izut>^ 
$Mt/fc (HI 4, G) o £1±AV,QS in V i v o TifllWIjT 

&x$m^=)%^mikmnmt%ztiz&zcowswrn-focom 
t ̂  iz i M RTfi-e & & d ^ & USE L fc0 

[0049] 1 9 6 0^Wctt, flUfcEli©i^(t gBMMb^aUT. ^ 
©USlzMfcM££GTZMffi&mmitZT&zttfzk$tiT^&0 i^tcA, 
s &W ttz&m* T? $ £ <fc 9 e> tl£ <h, 

in V i t r oT$fgftMM£gBJlM-f £££#-?££ 

( 1 4) 0 gBMMb(C^T©d©^ftft£nfei&s d©:frl?© 1 -^©* 

^ © ̂ 1? (C £ ̂  T &tWfr tttcbt Ziltf-2 o £ © J1IU &3E£ T? tt. 
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(Dffl$L%(D^&\Z&W&{k-$tlT^Z> (1 5) o d©;;ttl(Cfc^NT, 

ZLZL-? 1 -DCD^m^JWsWl^^LXl^o Oty, 

[sfrMflifZZtefr? tdjfetbk®. LT, HSf 

7:'1*Z> o HcH^Mis in v i t ro&ilt/ in v i v o CDjSj^T^CD 

m(Dsmtizm^ztctbizfemtzzttf-ezzo 

ij5®tii®0ii^it& £ t is n*^tibcDfjis-yizt z>TUP* 

^tZZV&Zo jgtot&Z MM cD S BMM'fb CD tc tsb CD rn 3® & % >£ M 
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