DESCRI PTI ON CULTURE METHOD FOR CAUSI NG DI FFERENTI ATI ON OF PLURI POTENT
MAMVALI AN CELLS 5 Technical Field [0001] The present invention
relates to culture of pluripotent cells, and nore particularly, to a
culture nethod for causing differentiation of pluripotent nmanmalian
cells. 10 Background Art [0002] A techni que of using cells
isolated froma tissue in testi ngPESERIAKEROMNN is an essential
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pl ant inspection, testing for environnental pollutants, and so on.
Thus, cells and the |ike used in the biotechnol ogy field have been

greaglyﬂc\@ﬁg;{ﬂ 6140 [0003] In recent years, studies on
pluripotent cells, such as enbryonic stemcells (ES cells) and

i nduced[PP0dilpotent stemcells (iPS cells), have been conducted. The
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mechani sm under|ying t bi ol ogi cal properties ripotent cells
and di f pbvemdtgniton aonmieleamardlys.enbryp. This provi des opportunities
for,genetic operation of mammals and resulting application of

busi ness, nedicine, and agriculture. Further, 30 techniques for

di agnospng I ¥de8dSA @’ pat hol ogi cal condition, searching for a new
drug, and evaluating the efficacy of a drug have been devel oped by
usi ng t[‘l@éoﬁﬁﬂ)ropri ate proliferation and differentiation of ES cells.

[ 0004] A technique of using cells isolated from a tissue in testing or

examination is an essential method in the biotechnology-related fields.

15 It is widely used in diagnosing a disease or pathological condition,
searching for a new drug and evaluating the efficacy of a drug, or in
animal inspection, plant inspection, testing for environmental
pollutants, and so on. Thus, cells and the like used in the
biotechnology field have been greatly diversified.

20 {00037
7 In recent years, studies on pluripotent cells, such as embryonic
stem cells (ES cells) and induced pluripotent stem cells (iPS cells),
have been conducted. The pluripotent cells are cells that can
differentiate into all types of cells constituting tissues, parts, and

25 organs which form living organisms. ES cells are used as a potent
model system for studying a mechanism underlying the biological
properties of pluripotent cells and differentiation in the early embryo.
This provides opportunities for genetic operation of mammals and
resulting application of business, medicine, and agriculture. Further,

30 techniques for diagnosing a disease or pathological condition,
searching for a new drug, and evaluating the efficacy of a drug have
been developed by using the appropriate proliferation and
differentiation of ES cells.
[0004]



2 The isolated cells are sonetinmes used i nmedi ately for

testing, but in many cases, operations for causing proliferation and
differentiation of cells in a culture dish or a test tube are carrier
out - Vari ous f'fam'_naﬁ]i ons are carried o_d% using the cultured cells.

I sol ated 5 pl dripdeenttekicedl npae reqnrticaes o satbwmdnadisigoeper bebiing,
and t oxi L a Lja | ar o] i.-ped i.n_a test

perfor metgutlr gﬁg}llblﬁ\?l %g?éb%’dg,ﬁet%hgonﬁ’s,fégctéd(tglgzlggl Qﬁlﬁg%t\}(@t 82?, and

are al salifeuémigdtion diff tellenin at eulthire dilgetr sealelss toiblehahé Furrier out.

effici enﬁg%..c{ 0005{;1 10However, the bi ochem cal nechani sm for
control 1Y A GHe S FRE I BRE VA Hn Q2B e P BAY HEGRR o fc WitBF ¢ poradhs. chidlated

is bay elmulfnﬁlsféﬁpeelIsoaGétI%-qtlﬁ%d%aEfHB% dg?xggglgﬂ:%]%ﬁg)?iﬂ%ea&d toxic

di scl oseés conpositions and nmethods for the
di f f er eneizaterh rhated icani mél dst@aghosansb faim echiisi ngedt fplfe@fentiedt i®m
Speci f Patent Literature 1 discloses

of plurijpotent, 15 cells. igal |y, [
a cell c}ﬁ”f%g ebnotqsz’é’t ?ﬂbﬁfﬁﬁt oﬂo’tcr?;?egrfﬁi Yy¥01l5sty dahrgtetlse taawineidnge
cel | s oigféradentd ayes @ gundes]1napiferden candidjops in a cell
culture, and contacting mammualian cells wth an 1 nhibitor of the

P13- ki na880silgnal i ng pat hway and a nenber of the TGFb fanily to

gengrate the lian. cells 20 di.fferentiated from pluripotent
ta v t58okfo e it i iindh m 1 thairllipagne

mammal i an stemcell's

di scl oseduabpyesnd¥onoatdente deinlted @bur 61 b1dirs5bASES cbMAL i ¢ Marely
differentiation efficiency of pluripotent cells is changed dependi ng
on the diserstoad Hygrdgat Eosferrmpyei & a8nbdditesatThud, discliosean
extrenel.y . tor trgl the ,size of e regat e, so as
o obtars b oe ¢8Rk RS AERS0S R e BB SRR o L WG rFHERIAR R oo

fromtheaaaliancheHs hepathts Rl 6a0§idg dQ@fér%nt/?\ﬁﬁiQﬁﬁio'IgpFLﬂ'iPBQent
[ Patent Literature 1, Matrigel having cell

met had di flOZﬁ?dI"NOQ ! ) _

adh ioﬁeg SopetR§edlant ynavi tiptalatamduee bidiseleses atepd @0fsregmation
sever al ;hundy £45,0f i ranasd, ; ul.ar.intervalks on a.culture
bott om surface, f gr%%bf%?%eng a c%lt"\er §ghéelgilt\l}éPrrl gﬁ%rk‘.s Lo 5! réaés layer
non- adhesiwed polnmeifscdee coad doasdund ¢did celturadhasd o ntaginiy t o
allow cells tagll sel ec]Ei veI.EII}adhere to the cell_adhesive region,

t her eby "EORT 1APnge lﬁ_ewé &TofnhiPidggrelhahe BF3 dnmapsi ¢ianadisg. pathway
G tatioppll $tmBaiiedt okl 1S MFS%&Q]%%@ tQ éaa'}@ﬁttel‘fﬁf?rn%ﬁ’lrrgalji:an cells

Publ i shed Japanese Transl ation
20 differentiated from pluripotent mammalian stem cells.

[0006]
In addition to the methods disclosed above, Non Patent
Literature 1 discloses that the differentiation efficiency of pluripotent
cells is changed depending on the size of an aggregate of embryoid
25 Dbodies. Thus, it is an extremely important factor to control the size of
the aggregate so as to obtain a uniform endoderm lineage cell, or cells
differentiated from the cell, such as hepatic cells or B cells.
According to the method disclosed in Non Patent Literature 1, Matrigel
having cell adhesion properties and having a diameter of several tens
30 of pm to several hundreds of pm is arranged at regular intervals on a
culture bottom surface, thereby forming a cell adhesive region. Cell
non-adhesive polymers are coated around the cell adhesive region to
allow cells to selectively adhere to the cell adhesive region, thereby

controlling the size of an aggregate of embryoid bodies.



I nternational Publication for Patent Application, No. 2008-509676 Non
Patent Literature [0008] Non Patent Literature 1: "Control of Human
Enbryonic Stem Cell 10 Col ony and Aggregate Size Heterogeneity

I nfluences Differentiation Trajectories"3witten by Celine Liu
Bauwens, Raheem Peerani, Sylvia N ebruegge, kinberly a. Wodhouse,
Eugeni a heva,. nsoor Husain, and Peter W Zandstra, STEM CELLS
2088;26,5%%§ﬁf%b3§fg?0 15 Summary of Invention Technical Problem

[ 0009] PatentHoMevarturehe cul ture nethod di sclosed in Non Patent
Literature has a problemthat the operation is conplicated and the
cost isﬂﬂQﬁﬁ]ZO In addition, sone cells may adhere to a cell
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[ 0010] %&In vi ew of such circunstances, it Is an object of the
present NAPehaitsA tibIHALME a met hod t hat achi eves control of
enbryoi size and can induce differentiation in a state where

t he enbryoi d body size is controlled, by using a cell culture chamber
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cul tyure chanber having 30 a culture surface fornmed of spaces in which
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of the present invention is & culture nethod tor” causing
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formed 5 of spaces in which a space structure of each of the

m crochanbers has a height of 10 gmto 500 mand a bottom area of 100

e 4é 1S mapg efilmyren themhod for causing differentiation of

pl uri po na jan cells includes culturing pluripotent mamrali an
cells tgﬁgikﬁfaygbkéﬂﬂeﬁBpulation at least partially differentiated

i nto endodeérom
However, the culture method disclosed in Non Patent Literature
has a problem that the operation is complicated and the cost is high.

20 In addition, some cells may adhere to a cell non-adhesive portion
during a culture period, which hinders differentiation of cells with
high efficiency. This makes it difficult to control the size of an
aggregate of embryoid bodies.

[0010]

25 In view of such circumstances, it is an object of the present
invention to provide a method that achieves control of embryoid body
size and can induce differentiation in a state where the embryoid body
size is controlled, by using a cell culture chamber including a plurality
of microchambers formed on a surface, the cell culture chamber having

30 a culture surface formed of spaces in which the microchambers have a

bottom area of 100 umz to 1 mm” and a depth of 10 pm to 500 pum.

Solution to Problem
[0011]



10 Iineage cells, by using the cell culture chanber. The size of each
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[0015] stem cells. It is preferable to seed and culture 1 to 3x10° pluripotent

mammalian cells in one of the microchambers to obtain the cell
population.
[0013]

25 In the culture method for causing differentiation of pluripotent
mammalian cells according to one aspect of the present invention, the
pluripotent mammalian cells are preferably cultured in a culture
medium including one kind or a mixture of two or more kinds selected
from the group consisting of a TGF-p family, an FGF family, and a

30 PI3-kinase signaling pathway inhibitor. A member of the TGF-B
family described above is preferably one kind or a mixture of two or
more kinds selected from the group consisting of Nodal, Activin A,
Activin B, TGF-B, BMP2, and BMP4. A member of the FGF family

described above is preferably one kind or a mixture of two or more



Furthernore, in the culture method for causing differentiation of 20

pl uri potent mammalian cells according to an aspect of the present
invention, a cell population differentiated into endoderm |ineage

cel I's obt ai ned by the culture nethod deseribed above is cultured in a
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concent riat+4ldhl of 4% or |ess. [0017] The ceII cul ture chanber
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of FoxAl and FoxA2 is at least partially expressed and Pdx-1 is not
expressed.

[0015]

Furthermore, in the culture method for causing differentiation of

20 pluripotent mammalian cells according to an aspect of the present
invention, a cell population differentiated into endoderm lineage cells
obtained by the culture method described above is cultured in a culture
medium including one kind or two or more kinds selected from the
group consisting of FGF, BMP2, HGF, KGF, EGF, TGF-a, HB-EGF,

25 VEGF, PDGF, DMSO, dexamethasone, oncostatin M, and insulin, to
obtain a second cell population partially including cells expressing one
of albumin (ALB) and o-fetoprotein (AFP).

[0016]
In the culture method for causing differentiation of pluripotent

30 mammalian cells according to an aspect of the present invention, it is
preferable to culture the cell population in an atmosphere having an
oxXygen concentration of 4% or less.

[0017]

The cell culture chamber described above is preferably a resin



[ 0020] A surface treatnent is preferably performed on a region
in which the mcrochanbers are fornmed. The surface treatnent

preferably 20 includes one of: coating with an inorgani.c substance;
coating with an extracellular matrix such as collagen or |amnin;
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cells are cultured using the cell culture chanber shown in Fig. 1,
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chanber 8699 ding to an enbodi nent of the present invention;
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[0020]

A surface treatment is preferably performed on a region in which
the microchambers are formed. The surface treatment preferabl.}.f -
20 includes one of: coating with an inorganic substance;: coating with an
extracellular matrix such as collagen or laminin; coating with a
synthetic material; coating by plasma treatment; and providing
concave-convex on a bottom surface of each of the microchambers, the
concave-convex having a diameter in a range of 1 nm corresponding to

25 a cell focal adhesion to 20 um corresponding to a cell.

Advantageous Effects of Invention
[0021]
The present invention provides a culture method for causing
30 differentiation of pluripotent mammalian cells, which achieves control
of embryoid body size and can induce differentiation in a state where
the embryoid body size is controlled, by using a cell culture chamber
including a plurality of microchambers formed on a surface, the cell

culture chamber having a culture surface formed of spaces in which the



Description of Enbodi nents [0023] Hereinafter, an enbodi ment of the

present invention will be 25 described wth reference to the

drawi ngs. However, the present invention is not limted to the

embodi nent described below. For clarity 6f explanation, the follow ng

descr i ptingnr anila e rdr hmi ags barteo mmat ¢ £ and syl k6i A and a depth of

appropriate. The conponents having the sane structure or function and

correspoh iy ‘ijhrStOé) HAt he drawi ngs are 30 denoted by the sane

ref erence nunerals, and the description thereof is omtted. [0024]

Enbodi ment First, a cell culture chanber according to an enbodi nent
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Fig. 7 is a sectional view taken along the line VII-VII of the cell

20 culture chamber shown in Fig. 6.

‘Description of Embodiments
[0023]
Hereinafter, an embodiment of the present invention will be
25 described with reference to the drawings. However, the present
invention is not limited to the embodiment described below. For
clarity of explanation, the following description and the drawings are
omitted and simplified as appropriate. The components having the
same structure or function and corresponding parts in the drawings are
30 denoted by the same reference numerals, and the description thereof is
omitted.
[0024]
Embodiment

First, a cell culture chamber according to an embodiment will be
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runs through the center of gravity thereof and the circunference. In
the case of a polygon, the major axis and the m nor axis of the
projected bottomrespectively correspond®to a long axis and a short
axi s of @fsexbreapolitced! cduléhae onetimo dxwildpot atext rébkidpses mtufthri s

set so the difference between areas of the polygon
and the gxic%agﬁqmcf@cﬁ%c I—’%ESr the extrapol ated ellipse and which

runs through diig.veritsexqsl aef vibe @Ebw&iﬁ% alsftraet@f@ ro&DQ'@etl?Cl:lﬂltﬁ?ée
or an extrapol ated ellipse which runs through all vertexes of

pol ygon THHBGE Thac ¢ 9 BEiets tPh@W&?@b%&W%ﬁad@ﬁ&m nbrlsamseectlonal view
res ti t I XI d a sho
pest ivglon 2% gotrﬂeefpr%'ql A 8¢ i wo, L#lsg t!’]f 8u§?‘|ﬂt fulture

approximate circ or an approximate’ellipse
| ar gest crhmhdareroIO\Aercﬂa)des m\\besic k b birzel Dfaﬁm%lb@tWMd g 2expriessed
usi ng a dt h. and _a the w dth and the depth are perpendicul ar

to each RrH& faYbS\'?e'“%et W lhotlions fogops] in a net sheppoan Gﬂhesh‘abelmf
each of &il\g,gkcs PeRaMbENSediluirs Qﬂ%m@;aertlﬁma%r{# xgglcg]st n%ﬁ;?/g“ us

shapes other than a square, a circ nd a on ca

I n cel | souirpumelefdoibyr thpe addei wglbs [12veerid afsurh:d Inmfbﬂdthamberé het .
bottqfni[rog)azogf]s preferably 0.01 mm2 to 0.1 mm2. In this case, the

ma| (}r axi the bottomis preferably 1 to 1.5 tines the minor axis

thereof., Furt ik, B HoWLRORiGANADE o SRS SLE S ¥rUstth Jff i Square
i s enployed, for exanple, in the case of formng an aggr egate of

enbr yoi dnb@mcésaméwﬁgl hnae@iuav&ai@h "ti' aamed er hefl gh®0' cl'. aFlealdh blifethe side

| engt h ne e the IS eferabl 30 Furt her in

t he casgktrofl 5§n§dr{gpgﬁ b‘?ﬁ’e‘b%t o‘F“Eﬁ‘b%/l}%F’g’edédfes %é‘\ﬁ hgf®n bottom
equi val entadi Rerdier dekcb:dreFors ey theg leegt e

thereof is preferlabl y gOO m trg SOSb m 00%e flgdogﬁ@gnghgﬁPgi?ngéfﬂ%d when

bet Ween Pt-'fﬁé Tedr lizdvit & Upllae@'l@taﬁdfq hlee slmiéowaldfstmc? chfarebeh fobnt dbove in

m croch be set h cel s, are
pr event g fr omjc:[ﬁ#ﬁ%ggrq)on C%WUI%I tlpogm%ﬁ%erﬂgonﬁ\m@é’ﬁaflﬁg?t theggigropbrmber
of an uppemiper {ilon sain@ Hhde ssithace PLakesabt b Mase %ndenala@lsoflfﬁo The
to 90, and nore preferably, 85,to 90. 25 [0028] The height "c"

si de walalreazhacm;a bezesetf i@OsLumh to Malue“t hBbr prevmpils, tifeheebbstdm cbﬁ the
cultured in t crachgnbers 11 fromnoving to the neighboring
m cr och&FdP$ fIn 8hdStHoghapgrd, HBeghettom greaphases ablap el fo mned 580

Toardy Pr8feing Bathfl e ndliniThit £ 3rd0 BORNE 9l Ub SR if0UG

bodi es having an ui val en i aneter elg
si de wadlird¢tion peependbtyl&0tonthe dpOnimg Fpiratofeer Inf fie @63RPbe.a tircle or
the case of. formng an ag r.eg %e of enbrypi d bodi es having an

equi val &Rt SHiRiEt é‘rmd'ifloﬁ He PREJ 5‘?1Tted &otiempi el aHlap o5 bat we en

300 m intersections of a long axis which runs through the center of gravity

thereof and the circumference, and a minor axis of the projected

25 bottom is a distance between intersections of a short axis which runs
through the center of gravity thereof and the circumference. In the
case of a polygon, the major axis and the minor axis of the projected
bottom respectively correspond to a long axis and a short axis of an
extrapolated circle or an extrapolated ellipse which is set so as to

30 minimize the difference between areas of the polygon and the
extrapolated circle or the extrapolated ellipse and which runs through
all vertexes of the polygon. If an extrapolated circle or an
extrapolated ellipse which runs through all vertexes of the polygon

cannot be traced, the major axis and the minor axis respectively



10 [0029] Fig. 3 is a schematic view showing a state where
cells are cultured using the cell culture chanmber shown in Fig. 1.

Fig. 3 shows a perspective view of the cell culture chanber when
viewed froma side 5 surface. The cell Jilture chanber 10 is placed

in a gi véirpeppnddiat bengedxipkatea Bhamdxizeofail appirowieattanbearle or

10 is fig] 1.t h u re nedium 8. |1s 9 are cultured in the

m cr ochdi gﬁgwﬁI%tghég%%o\?ﬁéﬁwg&l%ﬁw hg[&rerg"l‘ﬁﬁfegot By Sifde

wal | s 12erFeges3 Wioes thizesimablf e b@fttéllﬂeiSthXtﬁ@SQEde@@irh%)fa {M8th and a
m crochanbers 11, and the 10 width "b" and the height "c" of each of

ind ,
the sidéepdb, Shepwigddhiandithe deapll are ypependiaekitoto eacth gphee above
formed of .the: tomand the side walls 12 of each of the
m crochar’rte)er(g t%Clhsis used as a culture surface. The cells 9 are
cul tured0@gi6ig the culture surface. [0030] 15Note that as shown in

Figs. 4 and 5, .an _opening, 13 may be forned at a central portion of
each side of {LH& QP&EO%?hEPEZOg\ﬁPéh af dheomiegoehamnarssideis sPteach

of the m,G{RGNARPENSmhile dA M ALR 3 Qf ' 3, f | oW R
comuni ?gti on breﬁt{)ﬁ/een tﬁe’ r?\eéq gﬁ%&ﬁ%gr}:ﬁa r%cﬁgﬁngfe?ga%laﬁaU%Jg’saetCI?%le’
such a waldue ndbtgpnewants theplogldd 2@ Eebimcodming fér ampirbducing a liver
m crochanber 11, in which the cultured cells are first seeded, to thg
nei §Hbof PR§LIAR ABChENDetBe lottpar aggans Breftiablong. ¢ Uimor'edocll sam”.
have an i.val ent di anmeter_ of .20 he width "d".is preferaply 5

to 15 AN GAT, BhEMEARx &ii€ sl eifis oS anader ably cf Tonb Saimes
cul turetkbandesr acGer idi® df0 FhirsherbPadi MRikop28 fHdbe 3sireFerably used.
sectional view taken along the line V-V of Fig. 4. [0031] As

shown i Af A gauapge dademplonedsefdr eyhmple . chvatiberc asec of diargn trog tahmi s
nbodi i ti oned .spot h made . f a.predeterni
nunber B erPRY O RREH RS RE A e TR R BB S e OF 166,

anot Ber tisé rleateubec dfoidiaidel dh exlotfuise ppoféi a1 y2¢00r idot 90bNish. Further,
enbodinment, Fig. 7 is a sectional view taken along the line VII-VII

of Fig. % .thej g3se @fafrmisgoin A8 sveanieecf s mbirxaid e diiesr benampemn
structu i Q:Fl S, i Ei 6,.shows side.walls. 24
that pariltl Srtha Bronsri s S6F kit SR Snsn e ot T eTheFt Rl
spots 28herkdieighprefetably eddh peh toh@09i dev.wal | s 24 can be

ar bi tra[ébjg Eet to satisfy a capacity for storing a supernatant fluid
such as fdire solution or reaction solution without bei ng dried.

Singg the si dﬁn"‘@hg?e 2%+ &4 Fyé}\é{%@’thgi %Bﬁrgs_tag%&agfega%dilygssi(d\%nwalls

be used in 5 each the spots houg show an
exenpl at§ sf ractupé tihechidirnghthebsisdé Ivehdsl@be aesttbughdeg M bhoshich
the si dS"ei’Y%' ellrse %%e@%%tghsprot}r? reur;plli%yge%'n the microchambers. Accordingly,
50% or more of an upper portion of a side surface preferably has an
angle of 80° to 90°, and more preferably, 85° to 90°.
25 [0028]

The height "¢" of the side wall 12 may be set to such a value
that prevents the cells to be cultured in the microchambers 11 from
moving to the neighboring microchambers 11, and thus, the height "c¢"
is preferably 10 pm to 500 pm. For example, in the case of forming an

30 aggregate of embryoid bodies having an equivalent diameter of 100 pm,
the height "c" of each side wall 12 is preferably 50 pm to 150 pm.
Further, for example, in the case of forming an aggregate of embryoid

bodies having an equivalent diameter of 500 pm, the height "¢" is

preferably 50 pm to 300 pm.



[0032] A nethod for form ng an concave-convex pattern on the cell 10
culture chanber is not particularly limted, but nethods such as
transfer nolding using a nold, three-dinensional stereolithography,
preci si on_machi ning, wet etching, dry etlhing, |aser processing, and
el ectri cBd94Pécharge machining may be enployed. It is preferabie to

appropriately egt: t he roduct i-on thads in view of the intended
15 use, requi r%F 'p?olcsegsslscglgé)%gghcr acyy nggf'vsl,ngaﬁdﬂtaﬁ‘é ‘P’gﬁéeo‘?eltlﬁe“@el I

cul ture chbntred. ufDOB3he cell culuird speEIHd CsBEIMEE Pfg t he Frig.n%f €hows
nmol di ng nmet hod using a nold, a nethod for form ng the concave-convex

patt ern HPTEPEF IO el fd ths sglh cndtare sthemeber evhenavieolddnfapiben side
enpl oyedy, JhicS [ r Lt s capabl e. of o
reproducsi%rg tC%en?Flﬂ;%geéf c’?ﬂgﬁﬁ%tczﬁ%rgﬁgggﬁﬁrlge polrzllcg%r g%iangége{lh%et“ dish or
concave-wehl g@ilapat?t,eamd vittchcai hc gt ireaniari iéi Q10 TAFEL] edNehiPECRAYSEture

the raw material, caost can be reduced by using a general -purpose resin
nat er i almegdBﬁl§‘n§%8 §51rﬁs?ﬂbt“éfelﬁlo}lﬂtéf3 H1pE¢ ghastharst Ul ewihgch are

superiorfdit 8rdw aQf td W €@ ' i [ i MENSkona
accuracy. '_J&0034] y Exa%?%g@%?q%%zhﬁeﬁ%oeg%rlgpI%.daﬁéllé}ggt%%ows the
nmetal stwoetiur'e"i efitbdeb pttatmngf treat ofnheomiaro eshsibeaat (€[ mnd the

d by .3Q,phot gl i.t hogr aphy, qr resin_pattern produced by . .
P Oip e DY ORI IR0 ApINL 0 08 5! B PaLt g, BOAUCES BY L pige. 1
et chi ng,artlf . etTié nGir fhas s £ RLCKESSE HP.foRhfk £I8CTH d g%'ttginsﬁ'ﬂ%r ?ﬁ% Side

machi ni ng. The net hods nmay be appropriately selected in view o

i nt endedvakls, 1 2egliicred pf dbessiingoabeurlaens, 1dost ssednas tsheulike suiface.
[ 0035] | t he thod for form ng the concave-convex pattern

on a re?ﬁgﬁcseﬁzsg(gt ﬁéerfel?igf”g r U gflevﬁﬁéﬁrf’sﬂb‘ f&4Fned as descri bed
above, g90801pol d, include injection nolding, press nolding, nononmer 5

casting, solvent casting, hot enbossing, or roll transfer by

ext fesi on nol Yok thet as phewar ap Bigss €mpldy, i egeamdm grdBdimg be

vi ew of 4 tivi d.franscriptian pr rty..[003 terials
for for rﬂotrﬁglé;&%ce!rf &t %lrgg)crrtl%g er' § g nsc}t%epgfﬁﬁgu%/’éﬁwalﬁlsl "Yéﬂg}ésare
| ong as fohmerhtoar fahs didee selefachuppahle AU cPEERENIR &S 1HOr XAMIErd" of

synt het i g resin, silicon, or glass nmay be enpl oyed. A transparent
synt het it@r@RFAIRE ot dPér Py inge § oasma nigeéYd mib cit w edrewh of n eigs Iso dimg;

o TAAAREES TSP LS PO e o cen
20 from moving from the microchamber 11, in which the cultured cells are
first seeded, to the neighboring microchambers 11. For example, when
the cultured cells have an equivalent diameter of 20 pm, the width "d"
is preferably 5 to 15 pm. Fig. 4 is a plan view showing another
structure of the cell culture chamber according to this embodiment.
25 Fig. 5 is a sectional view taken along the line V-V of Fig. 4.
[06031]
As shown in Figs. 6 and 7, the cell culture chamber according to
this embodiment may have partitioned spots each made up of a
predetermined number of microchambers. Fig. 6 is a plan view
30 showing still another structure of the cell culture portion according to
this embodiment. Fig. 7 is a sectional view taken along the line VII-
VII of Fig. 6. Figs. 6 and 7 show an example in which the

microchamber structure shown in Figs. 4 and 5 is used. Fig. 6 shows

side walls 24 that partition the plurality of microchambers, and



15 pol ynet hyl net hacryl ate and nmet hyl net hacryl at e-styrene copol yner,
styrene resins such as polystyrene and acrylic styrene copol yner

resin, olefin resin such as cycloolefin, ester resins such as
polyethylene terepht hal ate, polylactic déld and pol ygl ycolic acid,

si | i coneP3dstign Apass pbl ydegrﬂ@ﬂghtsi'bbmﬁwemboﬁ/cthab&ird&t evalésidd can be

pol yest 0 p V|n alcohol res t hyl ene V|n | al coh

copol yrrgz{rrbr gg%rqutzshetrﬁ%p c e?aé%?%rh”(/rgﬁ?ﬁm&ﬁosr‘?ﬂ% palgn ?ldﬂé such
silicon asesubturEheseuties 6$ ﬂﬁ)ﬁt@@ﬁ'tsﬁiIrﬂlti/@ﬁlwyﬁlcﬁﬂtdb%iryésdﬁ‘égh @nce the
col orant, dlsperS|ng agent, and thickening agent, unless the

transparséﬁéywla% § RfarFe@r G037, dHifArent codltr e ¢diwmsheabdre used in
surface er h urf.ace side of the

concgt:/e %:a(r)%egge%taet ?@?ﬁﬁpzzn% aﬁr?ng)gggl egg% aﬁe?n%n’glsglrové aébgf(ieﬁbp}%yer

may be fscbrm:—athrfeonnthﬁdmg phsesiafe Wl 9V Nda threubyeFORNithib&it the side walls
propertie b|o |b|||ty, ceIIuIar aff|n|ty, and the like of the
chanber % F?%% tH881e8Fdf orming the nodified layer is 30 not
particuq@@$gllrnted unl ess a nethod with which the self-supporting
properties are inpaired and a nethod causing extrene surface

roughness of H¥0@neilord norefarnei ey oy ech.c aMet-koads,e pﬁtwmhethe cell

t r eat,ment g% ch nicgl Leggent solveni treatnment, treatnent

cheritcal® W EREe O aRAT 48 7ot PoAtY 3R thall@?%ftbuﬂowﬁhpdﬁysmhf@ce

13 gr af ttr PRL HaTeH ANy s PAY S r aallre m%l-hﬁ%} cQr v

ozone treatment, or ﬁ asna reg?%%%t may gg enp 83% ERFgggéﬁm%ﬁgaﬁﬁ%

t hough DIREL G e mlmgigwwmeet@changng:lﬂyaymhnsg nbﬁsq:laptrbeahaiﬂg and
limted, exanp coat i such as ., sputterin

vapor SGéep%rs}f:fl?odﬁ h&r%t @SQT‘PH & SHéH gg qma?a&ﬁﬂc Hat &R eééhi‘i’ Ag
or pol y@@r@%giawyml@ﬁ ﬁf@%’@%’%gdu'c@l@ﬁ Ciﬁ‘étﬁ@dPQHrV?e\Qu%flfB@ intended

sol ution w thout m xing air bubbles therein desira

i npaPt &> HpArApRil| PO G peet tesurac Lheosts,f aud idfe 1Hes of the cell
concave- %@ﬂ%%gcggkﬁgﬁg As a nethod for formng a uniform hydrophilic
menbr ane, 1 norgani c vapor deposition is preferably enpl oyed.

[0038] [0033] When the cellular affinity is taken into consideration,
it is nore preferable to coat cytophilic proteins such as coll agen,
fibronectin, éﬁdalsd?ﬁ% he elxrﬂI@Pﬁ@rOﬂﬁl%ﬁmmfﬁlynudaltlng ooithagensing a
aqueous t t.h preferable to performthe
coatlngng fgrét ¢t %3§”h§%##gﬁ%3mh arophi'S & Oﬁgﬁﬁrgﬁngg Srifed |t

is @8si rraﬂ]chn1g0uemgwm@talll straptafe ext sagelduhay pRtdhyisyehacefy
repllcatln?¥%pe in VIV nvironment, Accordingly, it is particularly
pr ef er aBt%& i sPdGéér Hregatise }tay%rcamd:éeoqaf éﬁpﬁadébﬂugaﬁhmhapﬂ of

sui tabl end ghefl LR uGEILD 20c8f o AL LOYIAN ¢ MALOBILLG wivy o

menbrane 1s uniformy orne escri ove
possi bl bigh teapkoyi@timet hete , i an dvti et sen clay a0 Y £ AV idits tac $h 48 Of
1 nm torggugé&nbmsclggl g geg#érvail gggpggearessluzlemla?e;g? Such a method
25 using a mold of a metal structure is superior in terms of low cost and
satisfying high dimensional accuracy.
[0034]
Examples of the method for producing the metal structure
include plating treatment on a resist pattern produced by
30 photolithography or a resin pattern produced by three-dimensional
stereolithography, precisjion machining, wet etching, dry etching, laser
processing, and electrical discharge machining. The methods may be
appropriately selected in view of the intended use, required processing

accuracy, costs, and the like.



25 range of a cell focal adhesion to a cultured cell, on the bottom
surface of each mcrochamber. It is preferable to enploy a nethod in
whi ch the hydrophilic treatment and the method for coating cytophilic
proteins as described above are performed i n combi nation on the
surface: L83 bo40] The above-described surface treatnent may

be performed SEQQ%I@ 8PRHLAPY, e%x%ldyfmh agﬁglggihggcg)ggcgd% Oc?ofpi ex ]}jjeattern

above, an appropri nunber cells

cel | s arenar rangedisixgl tisé Vﬂéyalvw;ﬁrhnlcmu'tbe wh P h il g e 05 s Al dcHi hog
cells, nor phol ogi and functions simlar to those of the l'iving
body ar en'a% &l et wfaf ALE higd %ﬁ&d@ctwrtéwlds@@dmge@emkqln@n monomer

51. Ox4l0 0 I f use seedi
denm%yzco%ﬁi x)féog@teo%qléagétigg 1;&1 %b%@h%ﬁo%eggrggrear% ‘Elge%xf \R%éﬂn
each nlan@ddamgerlu$sqnsﬁhaahlmhb&hmpﬁoyOﬁu@mmhoﬁJﬁbd@nnéqm.ex@ﬂpbﬁats

a cell seedi density. of 5.0x103 to 5.0x105 cells/cn2 is preferably
used. 10 Wif?%””ty Al RRSGHRI IR PIRRAT Y er at ed usi ng a typi cal
culture migdeg; or culture dish having a flat culture surface may be

used as pluripotent mammalian cells to be used. The cells may al so be
proliferated Udahgriaie ﬁ31fonmﬁngrecﬁﬂhﬁhﬂtud@&ﬂﬂuﬁbdrahevﬁotkﬁh@@é@hﬂly

[ ]. I f th |1 i feration described
Thovd imveR S TSRS £ afier Sater e Bov 6. I Subiep o EUPIES T ADGFHER £ § o1
avoi d cantAafipnal sgn Rkt h@éupe&il%caﬂd o'%' apidd )&1&}‘%@%{&1‘&1 [ R044]

20The cell culturé method using the cell Qulture chanber scri bed
above |ﬁéPﬂéégfanbﬁd@éb§fﬂbﬁeﬁunnfngﬁdhraggyegaubasfaenhtq?ad1E?dle®tof
nor e .preferabl e no

to use eng T, RGP RUTR o At SRy o35 heifs fBe PRI P not RurBBAFS of
and si nuhief yiiang padre napey @t e 2% ih00Aa)L d2. a@?}hc%&k‘ﬁsesﬁ@ﬁw I'n

thls enbodi nent, a description is given of a culture nethod that
cul tdr e Pivom e Hor kne thasmwlataraeéimsthyl stediacy lpopitarcos obpobyinss,

ggat ar%t?f}eﬁgal%tmﬁgrstd@ﬂla% 855;&@&%‘@53 ellgxty 1€ %c%%rnrg !:E)B(e)?gmer resin,
olefln resin such as cycloolefin, ester resins such as polyethylene
terephthalate, polylactic acid, and polyglycolic acid, silicone resin
such as polydimethylsiloxane, polycarbonate resin, polyester resin,
20 polyvinylalcohol resin, ethylene-vinylalcohol copolymer resin,
thermoplastic elastomer, vinyl chloride resin, and silicon resin. These
resins may contain various additives such as colorant, dispersing agent,

and thickening agent, unless the transparency is impaired.
[0037]

25 In the cell culture chamber, surface treatment may be performed
on the surface side of the concave-convex pattern and a modified layer
and/or a coating layer may be formed for the purpose of improving the
hydrophilic properties, biocompatibility, cellular affinity, and the like
of the chamber surface. A method for forming the modified layer is

30 not particularly limited unless a method with which the self-supporting
properties are impaired and a method causing extreme surface
roughness of 100 pm or more are employed. Methods, for example,
treatment by chemical reagent, solvent treatment, treatment by

chemical reagent such as introduction of a graft polymer by surface



The followng terns are herein used to explain the cell culture

met hod. [0046] The term"pluripotent” refers to an ability of a cell

that can 15 generate any type of cells other than cells supporting

an embryonic structure. The term"pluripdtent cell" refers to a cell

capabl e SR fhtpqlaaserizatigey@hopiingl itne ot maet ofudttasdeonmha discharge,

endoder rmal_cells.. 5The term"totipotent cgell"” refers
Frond B SREPHG. IR Ritme efa Rert Pheabe e Ree e, In addftion,

to a cell capa . devel*opi
The ter whoemtr gomiechsde £€bkm(ing ced Ic)dhtﬁﬁgqragretrOisanfoxpﬁaﬁgcular_ly

pluripotent cells. The ES cell is a cell derived froman enbryo in
early deVBitithefte it hakonaxampieyd 1o coading evwale asnep ut fefréngne ¥ atagor

10 it j : E | I is.establi.shed fr.
Inner oo P el LA e Pr b HE R I sk SR AR A Rer GRE, P

I mass extracted from

stage obodyhest iciazéwlg eggy be empldhedt elmorididuee s iUkl PELaRt S$-Mon
cell (iPS cell)" . refers to a type of pluripotent cells. The iPS cell

is a ceHItf‘Héht REK I8 GHirs e Rbienfhe1sin; 1 &y dsiaaele e dmBaTotke

types o 34311 d k. i PS cel| p ed from
skin ce}hlygﬁlgr%ntl%delﬁ?io%g?tﬁéogg]thw J]HllefaC'th%'?[gremgsﬁﬁg'?iepé?gﬁt%'x P%\[teerrél'
to a cels ahatethsdndor fermima) hyuuli fofrer dnid ratpdili Sime hetrda e, t o Agrmic
"rru:lgi potent” .refers to.a cell that, 20 vm'tégout mani pul ation (i.e.,

nucl dar YEPRAsF EPOSHIQAG T PAFERTA LY BRRI0difkrent), is incapabl e of
form ngrdpfiggrentiated cell types derived fromall three germlayers
(mesoderm ectoderm and endoderm), or in other words, is a cell that
is partially Whe¢ertdet catladar idineymi ¢ phbenpoitent osidaeroebh” it is more
enconpas I otent. ce 5 obt ai ned hunman enbr

i I f S, )
o oapaBPe e Bl Bt 7t e Ry it e Colleahd, orearasing

from thengroipiennsi & bhdeeftalnER GBI .c At AR 198kkn 8qhUpRE W’?ﬁ"ion or
cell mass (1CM/epiblast cell, a human primtive ect ode?mal cell,
suchdastlym lekel gt primiafievabéettodpendrmedible ¢BRLIng afhendwhepabovedi al

0er (3ol BT, A B T FLARTR, (608 b0 ol
cells on an extracellular matrix surface by replicating the in vivo
environment. Accordingly, it is particularly preferable to dispose an
organic layer made of extracellular matrix suitable for cultured cells

20 after an inorganic hydrophilic membrane is uniformly formedlas
described above.
[0039]
It is also possible to employ a method in which concave-convex
having a size of 1 nm to 20 pm, which is equivalent to a size in the
25 range of a cell focal adhesion to a cultured cell, on the bo;[tom surface
of each microchamber. It is preferable to employ a method in which
the hydrophilic treatment and the method for coating cytophilic
proteins as described above are performed in combination on the
surface.
30 [0040]
The above-described surface treatment may be performed singly
or appropriately combined as needed.

[0041]

In a cell culture method using the cell culture chamber described



endoderm parietal endoderm visceral endoderm and nesendoderm

cells. As used herein, the term"definitive endodernt refers to early
16 endodermcells that have the capacity to differentiate into any

or many of the endodermcell types that l4re generated fromthe

endoder mt¢veagesapnreheiaisbnymi(ér ef qrdhemess] thi verseddud) sostinaehe

i ntesting nd thyroid Defini.tive endodermal cells are multipotent,
Ther ef orcee’:ﬂg e %aen%%dt%ckuérlﬁ?y%é’fﬁ iR e BHEIQS mgﬁW HercoHitaxtng

of the prd$entnidnuaNtyd JERSakdMud$ohE!dinkTadttd €RSLe Bf Ehe living
differentiated towards an endodermcell type than the pluri potent
cell frdadniak devetonedi véthinatke, speseused dudl aiaediprendeaishgy arf

endoder el | . 2ncompasses t rogluct i on. of cell culture that is

enri ge?‘ grl%n(’ing‘Bﬁf]z | 1€ H?sl/%“[loéﬁgir ﬁéabgﬁf‘l%ﬁcha\?él éntiodespgding
cells arg characterj sby t.h essign_of . specific rk

transcri% %Slg&c %gsb%g&l??"v&'?ﬁﬁtﬁ"gg’f%mth?ltm%’b%éﬁ(? eéﬁg{ﬁéﬂ@&d- When
transcriditch hofcrAERaader is a RALATR . gl?t t_ s cells_can
express M X1, GAI\T,gA,a 1561‘H|<llsfae,l Eilr]i% H&ggggh[%oé &n{ '6"?1 aAg’rjic(atr.éuic|Oarl exdmple,
stage i eafl yehdimp dieveltopsert. Otxelr(ﬁpdo FAotIIU) Ak rs /eectn § et PREks
after fertilization. During gastrulation, the process of definitive
endoder Msfeér-nati on begins with a cellular migration 20 event in which
nesqr@doq%rorﬁlzﬁel | s (cells conpetent to form nmesoderm or endoderm

m grate ‘through a structure called the primtive streak. Definitive

endodermis deydlNedhfatosmecpkbsifewht&d u¥idEa% &yt 1t Hige ANLELT
portion of the streak and through the node (a specialized structure

at the &RtEMTorifbshaying onlbrt enbiuser sakacerman dratisod 26 pdacipsient
G LB BLPOPHL R S TR 5 R B RS Bl
[0051] The delineiilivfrkes kamibatred s efidresl hBoklee production of a cell
11773 adPPUdd 30 The term therefore encompasses. celtypes that are
partial |y andeieumnathy &4 RIS S PP AR GRRE Bhon
the terdescsthead ediovef efls wev digi ingisspbsfanitilal hyt tb7use feeder cells in
order to avoid contamination of other cells and simplify the operation.
[0044]
20 The cell culture method using the cell culture chamber described
rabove includes a process for forming an aggregate of embryoid bodies.
In this case, feeder cells may be used, but it is more preferable not to
use feeder cells in view of avoiding contamination of other cells and
simplifying the operation.
25 [0045]
2. Cell Culture Method
In this embodiment, a description is given of a culture method
that cultures pluripotent mammalian cells to obtain a population of
cells that are at least partially differentiated into endoderm lineage
30 cells.
The following terms are herein used to explain the cell culture
method.
[0046]

The term "pluripotent” refers to an ability of a cell that can



separated fromthe natural source of the cells such that the cell,
cell line, cell culture, or population of cells are capable of being
cultured in vitro. In addition, the term"isolating”" is used to refer
to the physical selection of one or noré3cells out of a group of two
or nore BFRAAE, 2Rk e odasellsttidsy thedn sedie ssiglpatt énlg bas @dn bny s ek ¢
nnrpholqg Fgfor t he expression of various markers. [0053] The term
express Féfers to the transcription of a polynucl eotide or .

translation oflle pekwpeplifigdtend Al refeeh tbhateell dfyLbs 8F 4h€east
nol ecul e, are neasurably higher in a cell that expresses the nol ecule

than t h&lfvEloningaini |0ntehatf %@ﬁmmabx@m@@éermlmmm@sommadjs:eus.
to sure th Sh | ecul re vveI I 0
mea Q'}?é(%ﬁﬁl kiR n'fr% q? r%fg cleifﬂlcaé)ﬁtbﬁﬁ Oﬁldfet‘f'Felroerg

ordinary skill 1n the art, i ncl ude, hou
bl ot ti ngnt&TzIPCRu eiag esi d i ch:)lbs‘l di zati on, Wsst ern blotting, 15 and

i mmunost ai ni n% 0054] The term "adherent culture" refers to a cell
culture syste %F‘é‘by Y9 1dees e tqrldd Toh aeldbl irgfers ﬁacetym eh

may in t Wi | b in turn
Cont ed i BOLTRELEOS A I sl I8P Rl Berp b 4 P bl e i

i sted lgalrbwy, da)\rela:rwnenlhezmctﬂnem Ealalﬂrhty obogt cldfe rteetihdl diffdkentiate
al | ?gsnage%cel |.s to prolifer be _stabilized in culture. The

cel | 40 Moty RS YR ?/e ahe &e B rellses icgtablished Sromoanhimner
subst r atel] RSPl x3pTOE: d FFHin ROW st ol f‘yf s€MWhion %s%éﬁﬁéd'ﬁdacﬁ 'Ignego%”

endoderm lineage cell. It is known that Soxl1l/7 1s transcriptio
control feridlb#ed e@audi ng a DNA- bi ndi ng donai n and is a nenber of the

Sry-rel ated hi biljit ro box Sox) fam that,is closely
related to thtﬁ,‘rgljfeagTD "et! é’?/dr?‘? ea‘flpdﬁ To %et rr?‘c?é?l"sélu G%Sl ged I?Efiﬂﬁ ted
to for mmpé GRipthial fo ht bel11gndadey ip SRe{Ar aNGe: e UARANe afr 1y 091_}§erate and

Clenents, D., Friday, RV., Stott, D., and Wodland, H R (
XsoxP7adafie rem theid anto éfrmqesnﬁy‘fmsmflcmilsnlxeermpasEsomll 9The iPS cell

397- 405 h of,,t he "FoxAl " and "FoxA2"
refers tghgﬂ)r’rg;n%)edgl?c d fﬁen}-l ﬂ R f%j‘%hfj'xh%(ﬁ(')X) gene famly, and
is saidf6040¢ expressed at a stage prior to the differentiation into

pancreatic cells or hepatic cells. That is, the cells in which these
genes are exptésskrmardnglyenitaad” asfers Ite 2 medi baditdisenbetteemrinally

endoder gy FNeaAYE G | SSl%THam,urtﬁettiﬁ%lue ellnpotent" refers to a cell that,

20  without manipulation (i.e., nuclear transfer or dedifferentiation
inducement), is incapable of forming differentiated cell types derived
from all three germ layers (mesoderm, ectoderm, and endoderm), or in
other words, is a cell that is partially differentiated,

The term "pluripotent human cell” encompasses pluripotent cells

25 obtained from human embryos, fetuses, or adult tissues. The
pluripotent human cell can be selected from the group consisting of an
ES cell, an iPS cell, a human inner cell mass (ICM)/epiblast cell, a
human primitive ectodermal cell, such as an early primitive ectodermal
cell (EPL), a human primordial germ (EG) cell, and a human

30 teratocarcinoma (EC) cell.

[0048]
The term "endoderm™ includes, but is not limited to, definitive
endoderm, parietal endoderm, visceral endoderm, and mesendoderm

cells. As used herein, the term "definitive endoderm” refers to early



The term "Pdx-1" is known as a gene to be expressed in a pancreatic

cell and serves as a marker indicating a pancreatic cell. The term
"APP" is known as a gene to be expressed in a hepatic 10 cell and
serves as a nmarker indicating a hepaticléell. [Exanples] [0057]

[ Exanpl &ndodermpreeldsstiasrhevatthel Frpngentpuse dilﬁm@ﬁﬂist&ﬁ&tpehhy or many
culture r. 4 [ m.croch ers in whic aces havipg a

hei ght é’gfh @g@%n%do’;&%m PO RSG bﬁlgfﬁ) AR S TG hEgrm gt &mdg&%fffm

regul ar llyneagangadtion ean buy 6 Ulice bphhemt syl | ACS  Wam ¢ISeh mMNRUS§ HtBStine,

cells were seeded at a density of 0.5x105/cn2 and were cultured in a
DVEM ( méid BeY I9 6 -byP &8t v§ sado danm al ¢ ehbdianen mndtipditeg t20 Thexe fore,

PBS, 52- 11 . 500U/ nml.|l.eukem a i.nhi bi
fact gr, rﬁ?%r t h?’g{engﬂ%fr&mgegmlﬁfg%ﬁe&l#nﬁr{/lvasmcﬁé%d:eodﬁ(%éeo)[égé%ypﬁeﬂ?ent
hours. [00B8}i&h Pesneshafiothepkephts ng kihsaggegad Ffete 8MM¥E thwards an

bodies (EB culture) 25The culture nmediumwas replaced with a DVEM F12
( manuf agfﬁl‘) gy C(gléé@}’el hhay pPURE DedEnt g 914 ciream yh16R6itES, degived.

nonessentjisal AMRQAAGE ASin 130 QUGE BOST 388 nd o dvlin cel {
peni ci | 11 n/ $t rept onyci n,ma’nlc{ 1%9&8?6% cna&c%’, LSEH R IPPAsE S S e
carri edpoadufcéron wd daysl! dinkucsl thatei sredir idh s@Soehangedeorceedl day.

30 05 Process for preparing endoderm|lineage cells The
cul Egreﬂ)@gmm was replaced with a DVMEM F12 (nmanufactured by G BCO

Inc.) cul tureTredi g8Tinie] Weliehdi e, RBS, ¢ iYa NQRESRERE d @lri 20% N9y 3GldS
L% nucl eosi des, 1%fpen| C'Iflilcl nlaifc(raregttrgxrlryg;‘imts 1ugch as SOX17, with the
expression of speci m scripts s ,

concomitant absence of marker transcripts for AFP and

thrombomodulin. Note that such cells can express MIX1, GATAA4,
15 HNFa, and HNF3b.

[0050]

A crucial stage in early human development termed gastrulation
occurs 2-3 weeks after fertilization. During gastrulation, the process
of definitive endoderm formation begins with a cellular migration

20 event in which mesendoderm cells (cells competent to form mesoderm
or endoderm) migrate through a structure called the primitive streak.
Definitive endoderm is derived from cells, which migrate through the
anterior portion of the streak and through the node (a specialized
structure at the anterior-most region of the streak). As migration

25 occurs, definitive endoderm populates first the most anterior gut tube
and culminates with the formation of the posterior end of the gut tube.
f0051]

The term "differentiate" refers to the production of a cell type
that is more differentiated than the cell type from which it is derived.

30 The term therefore encompasses cell types that are partially and
terminally differentiated.

[0052]
In the case of referring to a cell, cell line, cell culture, or

population of cells, the term "isolated" refers to being substantially



1% gl utam c acid, 3% BSA, 100 ng/m FG-2, and 100 ng/m Activin-A,
and the culture was carried out for three days. The culture nmedium
was changed once every 12 hours. [0060] 5 4. Process for preparing
APP and ALB positive cells The cdi’ture nedi um was repl aced
with a DvEMEigdcinamridamaditomi perude mf 10e 1690 PBS,chl ¥h abnbssesltl alell

50 ng/ mi\FEp AR HOREREET BARCLRIOBu T AT TP TR FLIE adid P ryfpred

days. The ¥0treul tiur eddediow) tiRs teNangied [ 80GH BYENYs kR 1HQWTer fUEkber,
the culture was carried out for three days in a DVEM F12 cul ture
medi um ilﬂarwaig%%@-%%Ffﬁspnfwmh@g@mlﬂalménvﬁ@ acpdp afstwo or more

eniglld tr i.n, |.u 1.C, acCli 0 / dHGF,,;and 10-7M
gexa(r?;at hdaégg%é. ﬁgﬁgﬂ%ﬁe{g&fﬁ%ﬁ% i %%mmsa%&cﬁgk%%{) do?l%eswgv%?ycellé RSP .OIOgy
15[ 0061]arddenptrateixpe eExaopl &f YhrbuPmegdssrd.or control ling feeder
cells In a cell culture dish made of plastic with a size of

gi6 cm 48 ¥ ng a flat culture bottom surface, feeder cells

rimary nous ry i b R - factyred by _
(Dgi ni ppon Pha?ﬁrfh;égéﬁﬁﬁcalexég?%pdrg%&)méé éhclgsrrta&frsecﬁ?ﬁgﬁroahe?)ghf hours in
a DVEM @i tyawves Igedi diend metardilagi di) % PBS o 5060 tig £ Linghucode, s ud Hivh at

1 % icillin/st t j .[0062] 25 1. Control of
roudd | BEVELTRY 58 BRBhEkela 7rd A CBa Y Ehe ik opriBoassell (hat CRprepees
cul ture tdiesh btal 0a%a thE¢ AROVE BB PRLH IYQCRFE dXpRYSAd Bviccule.

cells were seeded at a density of 0.5x105/cn? and were "cul tured for
three dafsthada toVeEn gsimeut e tearpad shyo @ BUD, miode c 1 8G reuivtedi & meeinumm

el 0o 9% 558415088195 Rt AT Bl urii ol Bt e @
hours. N&rtGelrh Re@a\zﬁgy ITORESS, i tsgtu e GuliLBE® AW duveysedidik pe
Proggss a}l'dlir\é\l/arr?uggg?gi%ingz.o
[0054)
The term "adherent culture" refers to a cell culture system
whereby cells are cultured on a solid surface, which may in turn be
"~ coated with a solid substrate that may in turn be coated with another

20 surface coat of a substrate, such as those listed below, or any other
chemical or biological material that allows the cells to proliferate or
be stabilized in culture. The cells may or may not tightly adhere to
the solid surface or to the substrate.

[0055]

25 The term "Sox17" refers to a marker indicating an endoderm
lineage cell. It is known that Sox17 is a transcription control factor
including a DNA-binding domain and is a member of the Sry-related
high mobility group box (Sox) family that is closely related to the fate
determination of stem cells, and is thus required to form and maintain

30 the endoderm.

Reference: Hudson, C., Clements, D., Friday, R.V., Stott, D., and
Woodland, H.R. (1997). Xsox17a and -P mediate endoderm formation
in Xenopus. Cell 91, 397-405.

[0056]



t hrough cleaning with PBS, the iPS cells were separated fromthe
feeder cells by using a 0.25% trypsi n/ EDTA sol ution. [0063] 2.

Process for preparing an aggregate of enbryoid bodies (EB cul ture)
5The cells obtained in the process 1.2 W8re seeded in a culture dish
made of pl ast fRoli o theitzemst "EpSAdM and hBvxmg? A rklfats culd wiember of

bottom surface. A F1 man ured by dBCO Inc.) culture
medi um ?ﬁglﬁgfinﬁ%nl 94 PBs? 1%?{10@{3@8;&?5[3 W -a2Rdsls 38id to be

nucl eosied@m e st ¥dpeniaCiidd pst & £Rb O UNFfeaR ¢ 196ighut Y ga%%i dafas c19s or
used as the culture nediumand the culture was carried out fror two

days. THEPAtEe wedlfedl it vigs thisapgdd ionechizdalesE a0Brds 3reRnopessed are

f ' N . cel Th I ' I d
A T e R A L o L SR S e

i ncl udi myathPoeFBS suk%zBbiessenti al am no acids, 1% nucl eosi des, 1%
penicillin/streptonycin, 1% glutam c acid, 3% BSA, 100 ng/nml FG--2,
and 100 ng/m TA& f¢TM- AP dxnk " tiek ROMuRE anvee it pileel eauir eeedt i ee

days. T i g ever. 2 hours. 20 [.006
2 br o BanSy SRUE TR HBRy £ AR n BERFy TY B afihe 4 Pan oy ®echy.
cul ture nedi ulwasermp! AFRD W kihoaw DMEMaFd2ne uld Beee Rpeésnad Rel didihtic
10- i@% PBﬁ; 1% nonessential am no acid, 1% nucl eosi des, 1%

peni &i | FFH & @éﬁ?b}‘&%i%,af@@@kaf apflécadng aspepgltigl cob.HOP, and 1%
DMBO, apdxhhgprddjture was carried out for eight days. The culture

medi um was changed once every 12 hours. Further, the culture medium
was repl@eédlwith a DVEM F12 cul ture nedi umincludi ng 10-15% PBS, 1%
nonesseB]téixal Iﬁﬁ gﬁl acid, 1% penicil.lin/streptonycin, 1% glutamc
acid, 109*A§M°® diiGE, and i 07 30 M dexanet hasone, and the cul ture was

carri ed] 0@t Jifs st 16 £ 0dRYS1 11 RRemH] df pSNEGijYM was changed once every
12 hours. [0066] LHAnaI ysis] An anal ysis was nmade by real-tinme PCR

met héd. The ifSced| pyliure chamber including microchambers in which spaces
having a height of 50 pm, a width of 100 pm, and a length of 100 pm
are regularly arranged on a culture bottom surface was used. Mouse
iPS cells were seeded at a density of 0.5x10°/cm? and were cultured in
a DMEM (manufactured by GIBCO, Inc.) culture medium including
20 18% FBS, 2-mercaptoethanol (110 mM), and 500U/ml Jeukemia
inhibitory factor, for three days. The culture medinum was changed
~once every 24 hours.
[0058]
2. Process for preparing an aggregate of embryoid bodies (EB culture)
25 The culture medium was replaced with a DMEM-F12
(manufactured by GIBCO, Inc.) culture medium including 15% FBS,
1% nonessential amino acids, 1% nucleosides,
1% penicillin/streptomycin, and 1% glutamic acid, and the culture was
carried out for two days. The culture medium was changed once a day.
30 [0059]
3. Process for preparing endoderm lineage cells
The culture medium was replaced with a DMEM-F12
(manufactured by GIBCO, Inc.) culture medium including 1% FBS, 1%

nonessential amino acids, 1% nucleosides, 1% penicillin/streptomycin,



21 before use for the above-nentioned process 1 and the cells

obtained after the above-nentioned culture process 4 were retrieved,

and a quantitative analysis of nRNA relative to AFP, ALB, and GAPDH

was made. The nRNA expression |evels of I1ALB and AFP were cal cul ated 5

as val uds’er gl witaméc tas iGAPDH. B[O967]0 ([ Regmlt FGF-2, and 16homg/hel Avtivin-A,

"ps col PR pERiRa R RER AL i 0 et hERe ea 4Bkt ocslé av|@retmedim
[0068] [Wablchaklged R doRRALS | Y &xaypl e 1 Exanple 1 AFP/ GAPDH 1
157. 54 ?%%6%% ALB/ GAPDH 1 274. 15
5 4. Process for preparing AFP and ALB positive cells
The culture medium was replaced with a DMEM-F12 culture
medium including 10-15% FBS, 1% nonessential amino acid, 1%
nucleosides, 1% penicillin/streptomycin, 1% glutamic, 50 ng/ml HGF,
and 1% DMSO, and the culture was carried out for eight days. The

10 culture medium was changed once every 12 hours. Further, the culture
was carried out for three days in a DMEM-F12 culture medium
including 10-15% FBS, 1% nonessential amino acid, 1%
penicillin/sireptomycin, 1% glutamic acid, 100 ng/ml dHGF, and 10" 'M
dexamethasone. The culture medium was changed once every 12 hours.

15 [0061)]

[Comparative Example 1]
0. Process for controlling feeder cells

In a cell culture dish made of plastic with a size of ¢6 cm and
having a flat culture bottom surface, feeder cells (primary mouse

20 embryo fibroblasts) (P-MEF-CF manufactured by Dainippon
Pharmaceutical Co., Ltd.) were cultured for eight hours in a DMEM
culture medium including 10% FBS, 4500 mg/L-glucose, 2 mM L-
glutamine, and 1% penicillin/streptomycin.

[0062]
25 1. Control of mouse iPS cells (2 processes)
1.1 Cell Seeding Process
In the culture dish obtained in the above-mentioned process 0,
mouse iPS cells were seeded at a density of 0.5x10°/cm?® and were
cultured for three days in a DMEM (manufactured by GIBCO, Inc.)

30 culture medium including 18% FBS, 2-mercaptoethanol (110 mM), and
500 U/ml leukemia inhibitory factor. The culture medium was changed
once every 24 hours.

1.2 Cell Recovery Process

After the culture medium used in the process 1.1 was removed



20170. 13 [0069] 15When the cells were differentiated into endoderm
lineage cells by the method of Exanple 1 and then differentiated into
hepatic cells, the gene expression levels of AFP and ALB, which are

| iver specific nmarkers, showed higher values t hat are respectively
1.7 ti mésranghasleamiene hiigheP Bthath¢ hBSecollsCorgrar st p wen texiakipd . 1 2O

0070 I . Differentjation,] tion of human i PS
E:el I s] u[sfigﬁggg (g%ll%%ul?'% upslléllgeahéi\?ﬁé 'ycPrsd%gﬁbd]g‘?\ss?)me&cess for
contr ol I[00g 3fleeder cells 25In a cell culture dish made of plastic

with a size of cp6 cmand having a flat culture bottom surface,
feeder el TEC¢HTS AAF P IARAENEDR AL STagadhl af tes) bygee &d dud digse@EBoc ulture)

ei ghts hours i dj incl udi 10% FBS, ,4500

ng?L-SgI ucose, Fl}:\aem\/l E gﬁ&#gﬁﬁ%%a%ﬁ@ﬁnf%%%gﬁfc?‘% 7St F%BfiSayltﬂ . f’ugé‘re
[0071] dish rhader ofgslastir wioht 4 alikengf pETemMm iR GENiS oA UERR U]1PS: e
cell line 201B7 | KEN BRC Na.: HPS0001) was mai nt ai ned on nouse

fi brobl g&téomﬁg%%ﬁr udi R EM ul' { &ren AR s ant wr o dyu i IRC OVEM F2culture

20% KSRute O i A% 221 sBE GE6SS 4 o BLERALANG, eTREYani & £ndpger mal
g channer

cells In a cel %lggtIJISt ure chanber 1 nc?udl ng mcr _ coat ed
wi t h Manwicgeb sid es whPe Ip espad Hs nhadeienpdo an sheiinghdn 61 B0g My t B Gt dofvas

100 10 gnd | engt h of 10Q gm ar egul arly arranged on a culture
bot £ fim é‘ﬁFﬁa%%%hﬁuﬁﬁf‘ﬁfﬁsméé‘llP oﬂiﬂﬂe)é{lgé‘dﬂi‘fﬁf% YRt arréed %ut_Aéze two
seeded an¢sCculthy ed1{ofe dfedHhSWRY Using.a fidL ergatiation-induci ng
culture rrgél um obt ai nede by addi ng B27 tog‘la?Pl\ﬁiﬁ%ﬁi. _ %&t er 24 hours,
the cul {4P€4dedi um was replaced with a cul ture nmedi um obtai ned by

addi ng 3. Process for preparing endoderm lineage cells
The culture medium was replaced with a DMEM-F12
15 (manufactured by GIBCO, Inc.) culture medium including 1% FBS, 1%
nonessential amino acids, 1% nucleosides, 1% penicillin/streptomycin,
1% glutamic acid, 3% BSA, 100 ng/ml FGF-2, and 100 ng/ml Activin-A,
and the culture was carried out for three days. The culture medium
was changed once every 12 hours.
20 [0065]
4. Process for preparing AFP and ALB positive cells
The culture medium was replaced with a DMEM-F12 culture
medium including 10-15% FBS, 1% nonessential amino acid, 1%
nucleosides, 1% penicillin/streptomyciﬁ, 1% glutamic acid, 50 ng/ml
25 HGF, and 1% DMSO, and the culture was carried out for eight days.
The culture medium was changed once every 12 hours. Further, the
culture medium was replaced with a DMEM-F12 culture medium
including 10-15% FBS, 1% nonessential amino acid, 1%
penicillin/streptomycin, 1% glutamic acid, 100 ng/ml dHGF, and 1077
30 M dexamethasone, and the culture was carried out for three days. The
culture medium was changed once every 12 hours.
[0066]
fAnalysis]
An analysis was made by real-time PCR method. The iPS cells



15 human type Activin to a differentiation-inducing culture nmedium
and the culture was carried out for six days. The cul ture nmedi um was
changed once every two days. [0073] 3. Process for preparing
hepat ocyte |ineage cells (Process for 2B1lprepari ng AFP and HNF4A
positive %@flesyswf@érfhm@ -an ¢ oti ogfe d 2ro@ssselssnfdoth@rceqdas iotgrained

enbr yoni C Exa was carri ed out cul ture
medi um v%;fég?gg? ggbe'" ens”%ﬂ fiu?léﬂﬁé&%ﬂccﬁﬁ Sai n‘gﬁrﬁyreéaﬂ‘?%%‘?iéﬂﬁig

bFGF andjwdhtigd tilvehBily 418 af dhRiteAerdliaali @nol AQUET AT BUIAAH & ABdh My 4 ¢
and 25 the _culture was carried out for three days. The culture medium

was chamy@deonddeetidt N A i rigyps 1o pdeAlls Ther, L Bhen d VAR ev eredicaie whst e d

repl ace ai ned by adding 40 ng hHGF to a

di ffg(r:e%tsy\gfap%%s ?ﬁ(hj%féﬁ’%g{@ég?%lure 0 medium and the culture was

further [6&6r7iled out for four days. The culture nedi umwas changed

once evgky t days. [ 0075] [Conparative Exanple 2] Differentiation

i nduct i hliman i PS cell's using a flat culture 23 pl ate O.

Process for c I e uItu e dish

made of pl ast?ghwv&@%hgg%s‘?%%og Pdgllggn%anldl Sa%il"ér}'“%‘ ﬁgl alfatcgflf: catbbre

di sh, fesgecssedhdeyplinhitle mﬂlﬁseeérﬂ)lbye(foSefusiH bk asles) bwwkentdil divhed

for %I ght hours, i.n al .DVMEM cul ture medi um i ncl udi ng 10% FBS, 4500
mo/ 01 BEBSESS 2 i 1L'gl ut ami ne, and 1% peni ci | i n/ st rept onyci n.

[0076] 0068} Process for controlling human i PS cells 10A human i PS

B7

cell line 20 (RI ' KEN BRC No.: HPS0001) was
[Table 1]
_ Comparative
iPS Example | Example 1
AFP/GAPDH 1 157.54 611.22
ALB/GAPDH 1 274.15 20170.13
[0069]
15 When the cells were differentiated into endoderm Iineage cells

by the method of Example 1 and then differentiated into hepatic cells,
the gene expression levels of AFP and ALB, which are liver specific
markers, showed higher values that are respectively 1.7 times and 33
times higher than those of Comparative Example.

20 [0070]
[Example 2]

Differentiation induction of human iP8 cells using a culture

plate having microchambers
0. Process for controlling feeder cells

25 In a cell culture dish made of plastic with a size of ¢6 cm and
having a flat culture bottom surface, feeder cells (primary mouse
embryo fibroblasts) were cultured for eight hours in a DMEM culture
medium including 10% FBS, 4500 mg/L-glucose, 2 mM L-glutamine,

and 1% penicillin/streptomycin.



mai nt ai ned on nouse fibroblasts (MEFs) by using a culture nmedium

i ncludi ng DVEM F12 + 20% KSR + bFGF. [0077] 2. Process for preparing
enbryoni ¢ endodermal cells 15In a cell culture chanber coated with
Matrigel and having a flat culture bott@ surface, human i PS cells
di spersed®@htb single cells were seeded and cultured for 24 hours by

using a differentiation-inducing cul ture_ nmedium obtai ned by adding
B27 to Rgl\/h%ﬁass@tre?oﬁhrﬂgwg, ‘Pﬁémc{ﬁ?%ﬁ%l?redi um was replaced with
a cul ture nmediAIm 28 aebt PENE 1b) naddong NYRER B XP8 RACINKL NHPsB001) yas

differentiation-inducing culture nedium ‘and the culture was carri’e
out for BpxntEyped PRemny &l eb rdiasis vidd Edtsanbe di timee aevetty rewm ediyisn

. . i | i |1
(ProckssFp e PRTEMICTAPL IR RRSFRSH Ve coi19) © Atter

the the [@gerztion of "2. Process for preparing enbryonic endoder nal
cells" in Conparatjve Example 2 was carried out, the culture nmedium
was repllacBiOGFth faTcRT ¢ RAE nge MRy igi prdoy ravdi aglls0 ng bFGF and
20 ng/ M hBMP4 t i ti@atieon-i.ndyci;ng cul-ture, 30 ,medi u and .
the culture w;liél %acferlge%hggﬁgf%@#%Eée&%gﬁg}g’?h%“(Q,B?‘f}ﬂl?gﬂﬁeﬁi ﬁg}iﬁ% with
changed Macteigalerin twid ctiaypac¢90ing a heighredf SerdUlat Widt e UM0 pm
was 1repI accgd {V\)é{}h a (cful ture nmedi um obt ai ned by adding 40 ng hHGF to a
di f f1& et b g Buedi hi0 o aFe resalaely anfaaeedioe ani e hagtom
further scarhbednomthahorp d QY i % 184 hanged

once evesry t wo’ days?1 [ 0080] lﬂ%ﬁ%?%?gfd g%é%@%&iﬁ%l@?é% ﬁeeveefds aé’fd
mar ker s c8dxa7e dirfe rCxERdo of s dof unit ¢ e défittaderialioael hduvkig @nauyzed

by Quantitative usi t he .cel obtained in "2. Process for

prepar i ﬁ@egHb?yBEgﬁrb‘?%@g’ePHglmgeéﬁg"t‘bﬁ{%rﬁﬁ"eoQ Adter 24 ppygasshe

for prepankig ebayeRi n 15" NY addi
The expression Ieve]%g gvfaeslo ﬁzﬁ gﬁghA%B%?%ggégﬁﬁeggﬁ)%%%}zaddmg
| i nd&ge haenhs tsare Aapfdvyred byd Qfanti tiat i ve- RCRaisignguiherecelddium, and
obt ai neq ien ‘ﬁﬁ grocess f or pre{)Zri ng hggat ocﬁle | i peage cells" of

Exanpl e Be it BASEAL PG OBt EBArT AgI A¥Dat bEFt BVl iUTEaBE digmp owa b
Conpar athwe gexpeplce éve¥Rlties By expressed as relative val ues

assum n?o'bt}%t] t he expression | evel of each

>

3. Process for preparing hepatocyte lineage cells (Process for
20 preparing AFP and HNF4A positive cells)

After the operation of "2. Process for preparing embryonic
endodermal cells" in Example 2 was carried out, the culture medium
was replaced with a culture medium obtained by adding 10 ng bFGF
and 20 ng/ml hBMP4 to a differentiation-inducing culture medium, and

25 the culture was carried out for three days. The culture medium was
changed once every two days.
[06074]

Then, the culture medium was replaced with a culture medium

obtained by adding 40 ng hHGF to a differentiation-inducing culture
30 medium, and the culture was further carried out for four days. The

culture medium was changed once every two days.

f0075]

[Comparative Example 2]

Differentiation induction of human iPS cells using a flat culture



15 marker in Conparative Exanple 2 is "1". [0081] [Result] Table 2
shows the result of an analysis of the presence or absence of
differentiation induction into enbryonic endodermal cells. 20 Here,
SOX17 and CXCR4 are markers of enbryoni &3endoderm and APP is a

mar ker oﬁfﬂépatocyte | i neage cells. The stages of "2. Process for

repari endo C y Exanple 2 and "2. Process
Porppreggr?E§ & ryon| gﬂaﬂa%ga§|4%g|?gﬂ Sof Conparative Exanple 2

correspond to Itohe @EACEsBiurer dbalisdd@e Ff HeA@RLT RE11PR UL o8N PEYORI Gnd
25 endodernmal cells. Accordingly, it can be said that efficieht

di f feret3win®n flrﬂtoC@HbWbtmf@ emdodés adér @@|11$(wasnebsanmaeaembryo
00 HREESTLS ) G B PO TSR AN iR
Mar ker dcduidiygni 6 %erdosemsal 0 eegtis- S@6bk 3 DA 16% lutamine, and 1%
penicillin/streptomycin.
[0076]
1. Process for controlling human iPS cells
10 A human iP$ cell line 201B7 (RIKEN BRC No.: HPS0001) was
maintained on mouse fibroblasts (MEFs) by using a culture medium
including DMEM/F12 + 20% KSR + bFGF.
[0077]
2. Process for preparing embryonic endodermal cells
15 In a cell culture chamber coated with Matrigel and having a fiat
culture bottom surface, human iPS cells dispersed into single cells
were seeded and cultured for 24 hours by using a differentiation-
inducing culture medium obtained by adding B27 to RPMI1640. After
24 hours, the culture medium was replaced with a culture medium
20 obtained by adding human type Activin to a differentiation-inducing
culture medium, and the culture was carried out for six days. The
culture medium was changed once every two days.
[0078]
3. Process for preparing hepatocyte lineage cells (Process for
25 preparing AFP and HNF4A positive cells)

After the the operation of "2. Process for preparing embryonic
endodermal cells" in Comparative Example 2 was carried out, the
culture medium was replaced with a culture medium obtained by adding
10 ng bFGF and 20 ng/ml hBMP4 to a differentiation-inducing culture

30 medium, and the culture was carried out for three days. The culture
medium was changed once every two days.
[0079]
Then, the culture medium was replaced with a culture medium

obtained by adding 40 ng hHGF to a differentiation-inducing culture



1+0. 058 CXCR4 1.71+0.039 1+0.040 Marker of hepatocyte lineage cells

APP Detection Iimt or lower Detection |limt or lower [0083] 5Table

3 shows the result of an analysis of the presence or absence of

differentiation induction into hepatocyt? |ineage cells. Here, SOX17

is a markedigpackfidctio cenbeyomas énddoar makrieel bat fAndf&NF4Ayand ARP

are marker ecifi.c to hep t ocyt Ilnea e cells. The stages of "3.
i Seped p

Pr ocess Cf

BE R HEDaL- ML OL EéYI%VO&aﬂ% Exanpl e 2 and

"3. ProdeEssdpr preparing hepatocyte |ineage cells" of Conparative
Exanpl e 2 correspond to the process for causing differentiation into
hepat ocﬁ@#l?ﬁé& e cells. Accordingly, it can be said that efficient

diffey

Sheion | evit® HRORP Rl G P ERER A8 ukaaesrsl id Cxfrapia

expression le
and APP.d §0003¢v ¢ tallogl e3ma Exanpl ﬂre%e analyzed by Quantitative PCR using

10

15

20

25

the cells obtained in "2. Process for preparing embryonic endodermal
cells" of Example 2 and "2. Process for preparing embryonic
endodermal cells" of Comparative Example 2. The expression levels of
HNF4A and AFP markers of hepatocyte lineage cells were analyzed by
Quantitative PCR using the cells obtained in "3. Process for preparing
hepatocyte lineage cells" of Example 2 and "3. Process for preparing
hepatocyte lineage cells" of Comparative Example 2. Values are
expressed as relative values assuming that the expression level of each
marker in Comparative Example 2 is "1".

[0081]

[Result] _

Table 2 shows the result of an analysis of the presence or
absence of differentiation induction into embryonic endodermal cells.
Here, SOX17 and CXCR4 are markers of embryonic endoderm, and AFP
is a marker of hepatocyte lineage cells. The stages of "2. Process for
preparing embryonic endodermal cells" of Example 2 and "2. Process
for preparing embryonic endodermal celis" of Comparative Example 2
correspond to the process for causing differentiation into embryonic
endodermal cells. Accordingly, it can be said that efficient
differentiation into embryonic endodermal cells was observed at higher
expression levels of SOX17 and CXCR4 and at a lower expression level
of AFP.



Conpar ative Exanple 2 Marker of hepatocyte lineage cells HNF4A
2.24+0.096 1+0.064 APP 22.46+0.626 1+0. 050 Marker of enbryonic
endodermal cells SOX17 0.85+0.029 1+0.047 26 [0085] Tabl e 4
shows the rate of decrease in expressioR3l evel under the respective
culture [@8HBkions, as a result of conparison between the 5 gene
expr essi bllevgh of SOX17 obtained after differentiation induction
into hepatic célll | i neages shown in Table 3 and the gene expression

| evel of SOX17 obtal ned after di ] ererg}gaaﬁlgcpg ) nductdglqlﬁar}tagive Example
enbryoniic endodermal cells shown ip Table 2. )
Marker of SOX17 5.5740.167 T 120.058
embryonic CXCR4 1.71+0.039 1+£0.040
endodermal
cells
Marker of AFP Detection limit Detection limit or
hepatocyte or lower lower
lineage cells
[0083]
5 Table 3 shows the result of an analysis of the presence or

absence of differentiation induction into hepatocyte lineage cells.
Here, SOX17 is a marker specific to embryonic endodermal cells, and
HNF4A and AFP are markers specific to hepatocyte lineage cells. The
stages of "3. Process for preparing hepatocyte lineage cells" of

10 Example 2 and "3. Process for preparing hepatocyte lineage cells" of
Comparative Example 2 correspond to the process for causing
differentiation into hepatocyte lineage cells. Accordingly, it can be
said that efficient differentiation into hepatocyte lineage cells was
observed at a lower expression level of SOX17 and at higher

15 expression levels of HNF4A and AFP.

[0084]
[Table 3]
Example 2 Comparative
Example 2
Marker of HNF4A 2.24+£0.096 1+£0.064
hepatocyte AFP 22.46+0.626 1£0.050
lineage cells
Marker of SOX17 0.85£0.029 1£0.047
embryonic
endodermal cells




[ 0086] 10 [Tabl e 4] Exanpl e 2 Conparative Exanple 2 Marker of
enbryoni ¢ endodermal cells 80X17 0.0140. 004 0.0890.004 [0087] In

Exanpl e

2, the expression levels of markers SOX17 and CXCR4 specific

to enbryoni ¢ endodernal cells show hi ghéf val ues that 15 are
respectively about 5 times and 1.7 tines higher than those of _
Cbnparatkﬁﬁkgfanple 2, and the marker of hepatocyte lineage cells is

har dl y

Xpressed. That is, Exanple 2 (cell culture chanber including

m crochamber s)T £lablesh &hfsi e enttdidif eEepdd &t i AN L M & QB8R YOPLCunder the

endoder

mal cell|ls. 20 [0088] In Exanpl e 2, the expression

| evel s OFSRECKEYS crNEare £k Jipio speasfd cesvlhepatomypteis o mdagoy cet [the

show shi
hi gh as
the mar
shown i

e RS Rl ol S BN Bt e L R B bl o

kiad uefti entimtonh ep 26 ceodbideine g exebhswis ihi TAb1EW LRSI th@Ssene
n Table.4, the value of SOX17 obtained after the

di f f er eFEPEESSRO R ey A ephrsdRyitled pibfabred adites diff esemprei n iisduction into

one-t ente'i'n@fy&ﬂ% ol SPIRAL AtdeY

Asgoydingly, it can be

2.
said that the ratio of renalnlngsgﬁggﬁéﬁﬁ1rlneage cells to the cells
obt ai ned0&ltdr the differentiation into

10

[Table 4]

Example 2 Comparative

Example 2

Marker of SOX17 0.014+0.004 0.089+0.004
embryonic

endodermal cells

15

20

25

[0087]

In Example 2, the expression levels of markers SOX17 and
CXCR4 specific to embryonic endodermal cells show higher values that
are respectively about 5 times and 1.7 times higher than those of
Comparative Example 2, and the marker of hepatocyte lineage cells is
hardly expressed. That is, Example 2 (cell culture chamber including
microchambers) enables efficient differentiation into embryonic
endodermal cells.

[0088]

In Example 2, the expression levels of markers HNF4A and AFP
specific to hepatocyte lineage cells show higher values that are
respectively about twice and 22 times as high as those of Comparative
Example 2, and the expression level of the marker of embryonic
endodermal cells is high. Further, as shown in Table 4, the value of
SOX17 obtained after the differentiation into hepatocyte lineage cells
in Example 2 is one-tenth of that in Comparative Example 2.
Accordingly, it can be said that the ratio of remaining endoderm

lineage cells to the cells obtained after the differentiation into



27 hepatocyte lineage cells is small. That is, Exanple 2 (cell

cul ture chanber including mcrocharnbers) enables efficient
differentiation into hepatic cells which are enbryonic endoderm

| i neage cells. [0089] 5Note that the preSent invention is not linited
to the abepetewrbiodlemee metlledn Beahbdifhadi asErecesbay (wellhoutture

departin t cope of. the,present, i nvention.,. [.0090]. This . .
appl i cat (fg%%ﬁl?’s@rbgg%%ﬁ%@nmalﬁﬁogpg efﬁeeﬁgﬁgﬁ ter%&‘ilﬁrnito‘}i’iﬁfgr%“fartéﬁﬂ
Japaneseirgat BBpadixpleiet By it M0 ar2BhAH0H6828 e1fd d @& AN IMRLGR 231152010,
the discl osure of which is incorporated herein in its entirety by
referencd98?] Reference Signs List 15[0091] 7PETR DI SH OR WELL

1251 = VALL 199PEKI KA 348PBr 05 B AT iS dhtir D rogh 10 (RS HBove
embodiment, but can be modified as necessary without departing from
the scope of the present invention.
f0090]

This application is based upon and claims the benefit of priority
10 from Japanese patent application No. 2010-066324, filed on March 23,
2010, the disclosure of which is incorporated herein in its entirety by

reference.

Reference Signs List

15 [0091]
7 PETRI DISH OR WELL PLATE
8 CULTURE MEDIUM
9 CELL

10 CELL CULTURE CHAMBER
20 11 MICROCHAMBER

12 SIDE WALL

13 OPENING

23 SPOT

24 SIDE WALL OF SPOT
25



CLAIMS 1. A culture nethod for causing differentiation of pluripotent
mammal i an cells, conprising culturing pluripotent manmmalian cells to

5 obtain a cell population at least partially differentiated into
endoderm | i neage cells, by using a cell 28ul ture chanber including a
plurality of mcrochanbers forned on @LAUMBre surface, the cel

cul ture chanber having the culture surface forned of spaces in which

a space structure of each of the m crochanbers has a height of 10 um

to 500 um and /& chitbettaevnsgardf c200in® digrdr dMBatfon BIE Fﬁ‘llitetylbrt%nt

met hod for causjng differentiation of pluripotent ranmal i an c&ll's

accor di fgaynel imeell shepainris e piwtipote mtl urbpotd i tam e slianecelIs to

sel ect e r nsi st of _enpryoni 5 stemcells (ES

ol 1) TGNk SR EATS LU POl o8 RLPE i lsr S ERE Suniel mtaderm
cells, didesperaeidtemycakisg a 3ellhalewtd @h@nﬁrséhqelcwaiﬁgtbs'a@gxality of
differentiatiaon of pluripotent mammualian cells according To aim1

or 2, wiRlEiarhangessiogmed nue poliahe aanfadd.arh @ slel b carltuseededn bar
one of th& MLERENANR ' | ul ation. 4. The
culture rretlhoggl for cagg?n%ﬁélgpkgﬁde}n ?gtfﬁﬁbggggllﬁri HOCn e SRAfRstERcture
cell's acdotdithg f ohanyioneclod mBleaisnivad at beBghwvodr B)Mukheo 3D E@Ih and a
popgl ation is obtained %ﬁ cyturing the pluripotent manmmalian cells
in 4f%ubaitemeaaram i A@Qsimg tenk IRNd or a m xture of two or nore
ki nds selected fromthe group consisting of a TG--13 famly, an FGF
famly, and a P13-kinase signaling pathway inhibitor. 30 5. The
cul tur e 2met hoG ek utamsd Rde idd €68ntd Alin@napfrlewr NG £ AR |

[ : %er of thiezpq(hﬁ-wﬁi pEehe

cells according to Claima4, wherein a ne 'y 1s
one ki néPdm a2 hiaet gelsoaceandiorg tor€lkimds, sdi ectiadt e grhutheo trmoup
consi st a Activin,A td vin TG--, BMP2, and BMP4. 29 .
6. The E’g tgrﬁaéﬁ(r%gt iLﬁ%Idle Eéﬁe &5 F%@‘Céf?Fﬂeﬁgﬁtar&%ﬁoawarma tembryonic
maniél | ancwet EE saCESr €éNg)! onChaed A19Fi pDte WO B o 1 ETPES @éutsge
FGF family is one kind or a mixture of two or nore kinds selected 5

from t h&TRHQFFTEOR8IS iChglof abd FERINEGRem caghbs . FGF-2. 7. The culture
met hod for causing differentiation of pluripotent mammalian cells
according to any one of Clainms 4 to 6, wherein the P13-kinase

signal i Bg pat Mvaycihfire torthios 60£ deiddn@r d o fek Xhiiai0h & MR 140iPstent
more kinds selected fromthe group consisting of LY294002, "rapanycin,
wor t manAlamm 4 ki apues idE| @6 ¢ eed indktoi Ghiib toorl 2, Akieiaili bitoB 110> Akt
i nh&Bi toi [, ar;[Id NL-71-101. . )

pluripotent mammalian cells are seeded in one of the microchambers to

obtain the cell population.

4. The culture method for causing differentiation of pluripotent
mammalian cells according to any one of Claims | to 3, wherein the
25 cell population is obtained by culturing the pluripotent mammalian
cells in a culture medium including one kind or a mixture of two or
more kinds selected from the group consisting of a TGF-B family, an

FGF family, and a PI3-kinase signaling pathway inhibitor.

30 5. The culture method for causing differentiation of pluripotent
mammalian cells according to Claim 4, wherein a member of the TGF-B
family is one kind or a mixture of two or more kinds selected from the

group consisting of Nodal, Activin A, Activin B, TGF-§, BMP2, and
BMP4.



8. The culture nethod for causing differentiation of pluripotent 15

manmal i an cells according to any one of Clains 1 to 7, wherein a cell

popul ation in which SOX17 is at |least partially expressed and AFP is

not expressed is obtained. 9. The cul tur?d .met hod for causing

differentiation of pluripotent 20 manmmalian cells according to any

~one of ai s wher e el | popul af.i.on in . which SOX17 is at

| east pzci%rtl al I@h%xcp%lggg‘ednam &dff? C?E Efb%adéﬁ?’ef‘s%téatw 8Pt B Hd@otept

The cul tmaenmel hodl feal s eausiragngi fd erantd atben O%helreihpi)h?@ﬁlb%f} of the

manmal i an cel | s .according to any one of O ains o 7, whereln a cel

popul at i0H Fi A2 T ¢ H sopge 1qu>@Alaéﬁd’<ﬂ¥UﬁAQfltsvtat0rl wagte pands aldlygcted

expr ess F n S d, 11. ulture

met hod ?grogrgg&'sél g 61§Pf (;elrl'gfr(#l{lggloﬁbo pl- U?G@%tdéh? §0 Eﬁj" lian cells

according to any one of Clainms 1 to 7, wherein a cell population in

whi ch onf of EoxAl g-@nd FoxA2 is at Ieast partially expressed and

Pdx-1 i s’ ‘not eﬁb‘?é byrs angthed fed. Ca@@%@rﬁfftmteetllﬂg oé opiprrii pomgn t

cul turingasmstiadfery] ati. LeRtia endoder m i nea

cells accgr di ng ato anyéongeégh%)ée[ th % [ naélmcsugtt rg r?@ﬁ g?ﬁn the

i ncl udi dﬁbrkenhsnobugmalmgqnaMEykllmdms@i egtcﬁeb firigm dher HiQURre of two

COH%I stl ng _of FEF, Bl\/sgﬁ, HCE, KG-,  EG-, TG--a, HB-EG-, 5 VEG-, PDGF,
dSalfE 1725 EhES SGlE6ET A ATME & 9 W LA s i st in pintfalY 294888nd

cel | popubain P& Pasidrdtd dd QP'thﬂgmc hi rRR$! 3 ;

( ALB) andlpa f%to rotein (AFPy. 13 Tﬁe %ﬁﬁi&géﬁ?}e?’%lg ]feorfltgjtl}gg Ribitor

di ffer eddi atkonnbibiglour ildotaerd NID- hnh@il i an cel |'s according to any

one of Clainms 1 to 12, wherein the cell population is cultured in an

at nosphere havi ng an oxygen concentration of 4% or |less. 14. The

cul tur e gmet hod' Heok ueausd Rk 1tidd %%f‘&d&t In ”d?ffe%'dfd n

mam"ral ian cells according to any one of ' %lal 183 ﬂ?%ﬁ %épflelrhp?hent

cel i ch@W%h&@beﬁthsaewe@irrg rml@lmylg)li@rorfeﬂlefmsne tor7awherein a cell

conbi nat.i ted rom consi stipng of
acrylic rg]'g‘lll(rgltft (%)%lloli[}l a %@e%ﬁplc?l {Jll§86 iPA* ’cﬁqw %’f@/l'reeﬁ"ﬁ?qr)éﬁdnAFP is
acryl i Cnsttye;epﬂemhyrwtaﬁﬁeun pol ycarbonate resin, polyester

resin, polyvinyl 20 al cohol resin, ethylene vinyl alcohol copol yner
resin, thernoplastic elastoner, vinyl chloride resin, and silicon

resin. ¢l5. The.C FL e ttlﬂ%% kox c%ausﬁéggﬁbilfjg%glrl “thj?ﬁ:q?ﬂpgu{w%nt

pI uri pot ent mammal 1 an cel'ls accor dl n

whet @i nm&mmﬂﬁapo&éil@m@@&f&ﬁ@lﬂdld}i}yQﬁlég%@ﬂaﬂﬁﬁel Qb AN WHPPRYin a cell
portion of each side wall forned in hei ght direction of  the space

struct uPQP(S‘ﬁaf’r%l Ve rRnbERsl 7 di fa%%sff pertid I betosgore ssied botlt Bdx-1 is
and a shde SYIASR s e340i5Lde wall is 80 to 90 .

10. The culture method for causing differentiation of pluripotent
25 mammalian cells according to any one of Claims 1 to 7, wherein a cell
population in which one of FoxAl and FoxA2 is at least partially

expressed and AFP is not expressed is obtained.

11. The culture method for causing differentiation of pluripotent
30 mammalian cells according to any one of Claims 1 to 7, wherein a cell
population in which one of FoxAl and FoxA2 is at least partially

expressed and Pdx-1 is not expressed is obtained.

12. A culture method for causing differentiation of pluripotent



30 16.The culture nmethod for causing differentiation of pluripotent

mammal i an cells according to any one of Claims 1 to 15, wherein the

bott om of each of the m crochanbers has a major axis that is in a

range of 1 to 1,5 tines greater than a ﬁ_\onor axis of the bottom 31

17. The BaFTHRE LR £ 6 MoHus] hg it Reimeg i at%llono(pﬂléptmn pofBetentiated
mal i € r el F:Cainms 1 to 1 erein a .

gﬁrfacealt%rtgaéfljrlrééécr}]taefl:lgl gfer %ér)recg@gsnggg?g%f% ationa%{)fi %ﬂ?t%cﬂ?éf“ogcﬂa%érlsm a

are formediuge mediTmeiculdig weichind air eawsbRImdirt fierant kaldon Pfrrom

| uri pot.ent | cells according to Claim17, wherein the
guﬂ Iacr:)g tglgeﬁmc‘l?ﬁ&sﬁﬂ%% ‘b@gtq}ﬁg 17 -aH G hoKefahi. £ SbsT &iter, BHB-EGF,

19. The e lro S [ entjatlign, luripotent.
el an ool £ aeear A e o ol At EREY g QAR B dndiFRERLin, 1o
t r eat metbtiaps| ades oadatk hig pwiptt asip mMraizdllszHr?tﬂumi&hrgl ¥eHUCEx BBessing one
col | agen .or,,| am.ni 20..The_cul ture. method for causing
differeﬁgfgppgﬂlgﬂabp$$ﬁSB@eﬁfﬂﬁﬁﬁﬁﬁFFﬂh(é%EPﬁ-accprdlng to any one

of Cainms 17 to 19, wherein the surface treatnment includes coating

with a synthetic material. 21. The culture nethod for causing

di ff er edtdi-at i drheofuptumd pot tdratd ZOIm&ihigadif:f@lrlesthﬁdopdbf‘lgaéh@iplayent

one ; gf I 7 to 20, wherein the surface treatnent includes ]

coa ?ngg%%hgfgéﬁg' ?é§tﬁ%ﬁ??§“§§F°T%%¥dU??dﬁtciépﬁédlﬁBr13a0§hﬁ§3”1the

di f f er enel Ripiogrulafi Ph Uki PELRRE BRI hﬁﬂo%hq'e%eam@ﬁfg @% bg@g% one

of Cains 17 to 21, wherein the 25 surface treatnent Tnclu

provi di A§TEEAEEYE ATk onTd et t om surface of each of the

m crochambers, the concave-convex having a dianeter in a range of 1

nm corresponding to a cell focal adhesion to 20 gm corresponding to a
cell. 14. The culture method for causing differentiation of pluripotent

15 mammalian cells according to any one of Claims 1 to 13, wherein the
cell culture chamber is a resin molding formed of one or a combination
of two or more selected from the group consisting of acrylic resin,
polylactic acid, polyglycolic acid, styrene resin, acrylic styrene
copolymer resin, polycarbonate resin, polyester resin, polyvinyl

20 alcohol resin, ethylene vinyl alcohol copolymer resin, thermoplastic

elastomer, viny! chloride resin, and silicon resin.

15. The culture method for causing differentiation of pluripotent
mammalian cells according to any one of Claims 1 to 14, wherein in a
25 portion corresponding to 50% or more of an upper portion of each side
wall formed in a height direction of the space structure of the
microchambers, an angle formed between the bottom and a side surface

of each side wall is 80° to 90°.

30 16. The culture method for causing differentiation of pluripotent
mammalian cells according to any one of Claims ! to 15, wherein the
bottom of each of the microchambers has a major axis that is in a range

of 1 to 1.5 times greater than a minor axis of the bottom.
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31
17. The culture method for causing differentiation of pluripotent

mammalian cells according to any one of Claims 1 to 16, wherein a
surface treatment is performed on a region in which the microchambers

are formed.

18. The culture method for causing differentiation of pluripotent
mammalian cells according to Claim 17, wherein the surface treatment

includes coating with an inorganic substance.

19. The culture method for causing differentiation of pluripotent
mammalian cells according to Claim 17 or 18, wherein the surface
treatment includes coating with an extracellular matrix such as

collagen or laminin.

20. The culture method for causing differentiation of pluripotent
mammalian cells according to any one of Claims 17 to 19, wherein the

surface treatment includes coating with a synthetic material.

21. The culture method for causing differentiation of pluripotent
mammalian cells according to any one of Claims 17 to 20, wherein the

surface treatment includes coating by plasma treatment.

22. The culture method for causing differentiation of pluripotent
mammalian cells according to any one of Claims 17 to 21, wherein the
surface treatment includes providing concave-convex on a bottom
surface of each of the microchambers, the concave-convex having a
diameter in a range of 1 nm corresponding to a cell focal adhesion to

20 pm corresponding to a cell.



