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DESCRI PTI ON PREPARATI ON OF ENDODERMAL STEM CELLS

TECHNI CAL FIELD 5 The present invention reIateﬁN“ﬂWN“Ml
endodernmal stemcells which are highly purified

m xtures of internediate stem cells which have been. ssgs
differentiated in vitro fromnultipotential stemcells
and to nethods for preparing stem cells of interest.

10 BACKGROUND OF THE I NVENTION In manmals, three germ
layers, referred to asPePddtRfFYN nmesoderm and

ectoderm _are formed with dynam c nnépholo i.ca

changes dBRERGRATE OYaSFr ENPODERMAEN Pddel RELLSa ti ssue

which 15 differentiates into stomach, intestina
tract, liver, spleen, large bowel in the future. ‘MM\\“\““\““m““‘“‘““\
Simlarly to other tissues, endodermis an inporta

TECHN e F thus devel opnment of systenms providing for *Goo0o
the separation and proliferation of endodermis a
majlde qussent figveniicopreimted W wrpdederndl 29ter ¢ells
produci ng hornones and bi oacti ve substances, such as

whighandg mighlducuri Tedd sfremduiktoréorofl imtemmediate stem
applications. Some endodernal tissues have been

celly othdreht radid flirantd iof e femii athed oimgani zee fegnon in

m ce. Organizer
multipotential stem cells and to methods for preparing stem .

i

cells of interest.

BACKGROUND OF THE INVENTION

In mammals, three germ layers, referred to as endoderm,
mesoderm, and ectoderm, are formed with dyhamic morphological
changes during the gastrulation. Endoderm is a tissue which
differentiates into stomach, intestinal tract, liver, spleen,
large bowel in the future. Similarly to. other tissues,
endoderm is an important tissue, and thus development of
systems providing for the separation and proliferation of
endoderm is a major subject for development of drugs and of
cells producing hormones and bioactive substances, such as
insulin producing cells, and also for clinical applications.

Some endodermal tissues have been proven to
differentiate from the organizer region in mice. Organizer
is a collective term for a group of cellular tissues playing

a leading role in the formation of the body axis, whose
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is a collective termfor a group of cellular tissues
playing 25 a leading role in the formation of the
body axi s, whose existence was reported in 1924 by
Spemann and Mangold, et al. That is, the

transpl antati on of the dorsal blastoporal lip of an
enbryo into another results in the formation of a
secondary axis at the inplanted site. Subsequent

exi Stk E&Syas Neuso Fey@al ©d1 § DRt LY NEpOF ARNT Z0d MXhGEBd, et al.
beyond species, such as zebrafish, chicken, and

Tha@t:t@r Sthd ttASs PESRL SHON éf‘aEhé Mo PR £L, bii@t fal lip of
having a specific tissue norphol ogy and forne at the

an &ﬂ@ﬁy&qﬂwna@stﬁ@@ Pééﬁ'lﬁé Ve StREakotBa f ESROGSI Bl e i n
part” for this role , 1999, Vol. 196, pp.

secér%?a%?gax1é\b§@ eﬂ€ ﬁﬁﬂ)ia?’n’@é@ QPEeonls\(JHéE\fﬂe\fﬁ:d dtudings

for ion of th ody axis, but also differentiate in

e
havd rieex‘;%‘é%%c?r%}'{%’@ @hé'&s %%%e(%%g?té %@foﬁ&'%&ec:. s, such

mesendo ron1mh|c and ~ endoder ma

dESHESs Rl n%ﬁf eéz’?&“é@ﬁd&é‘”daﬁ@ Qafaé YL s hWﬁ?lg:hat in

ave a sl per organi Zer -

micéc‘pgfﬂé 'r?cgcﬁe ﬂhée%leﬁie? V\%g ﬁiggs?%% IJaéS%lxé é&gl énéoformed
at H:p ?F? dIchﬁllDeofn!% C;g%ﬁﬁlp §h9@%§£9151ble in

COﬂC erentra era I on

o AT AL ot dfnun% o B e
cer B RS, D7 o 8 i 565 Y SEUHE 85y
a2 Lon o (EomLndiyl dugl 5, 18 FHi
referred to as axial mesendoderm, from which mesodermal and
endodermal tissues mainly differentiate and proliferate.
Mouse have a small number per individual of organizer-
specific cells, for which reason, it is difficult to deal
with these cells, and thus many aspects are unclear about the
molecular biological mechanism concerning differentiation and
proliferation of organizer-related cells. Therefore, in
order to solve the problem that only a limited number of
these cells can be isolated, the inventors have conducted
studies for purifying these cells of which direct isolation
from individuals is difficult, employing embryonic stem
cells. |
Embryonic stem (ES) cells are cells present in an early

embryo and having the pluripotentiality of differentiation,
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Enbryonic stem (ES) cells are cells present in an
early 25 enbryo and havi-ng the pluripotentiality of
differentiation, 2 and differentiate into different
cells, including also germ cells, when injected into
ot her bl astcysts. Muse enbryonic stemcells, on

whi ch studi es are nost advanced, are cells possessing
the pluripotentiality and self-replication 5

and CEPRRL it 1 3 Chn @5 6q 288 @bk shesh & Oﬂﬁéfuéﬁm&r?/fgé lgern

mass W thin the bl astoderm ¢ vesicle af the da

ce1d, thfen dﬁngeétﬁEe)éI?nfntJ £ 81 Ss A s CaPaRE Y embryonic

mai ntal nin proll eration, Ile retal ni ng

ste@iﬁ?flé”“gﬁfﬁﬂf%ﬁié%ﬁﬁkféaéfé’mo§@|%qg¥?€%§£2?g§eégfis

a growmh factor, referred to as
posyfiEid s ok Rt i L kg M Ret R GFELAT
R R
ey PO At Rl e e, gttt ypsiel
sorfU TR R0, B L 0
ero SRS et MOy O T S R e,

NI, SHI et al. vel opnent, 1998, No._125, pp.
onLy W RS T TG0 | T3S iR LR RS
leulﬁ%_aiag%.%}ﬁéb_oigw& 1lgt17%§t-%_axl‘(lé&|c%ﬁh§,§ tg% 3 ﬁ.lés'lia lc(:)l.(l) Eurzgolgédimn.

mouds St Aid Sl IS e {1 R0 80K S28Y1 A0S "o
all tissue cells by injecting them into a blastodermic
vesicle at the day 3.5 of the development and returning the
blastodermic vesicle into the mother body and are used for
the production of chimera and knock-out mice. In addition,
it has been recently possible to manipulate embryonic stem
cells in vitro so as to differentiate them into various
mature tissue cells (for example, Shinichi NISHIKAWA et al.,
Development, 1998, No. 125, pp. 1747-1757; Toru NAKANO et
al., Science, 1994, No. 265, pp. 1098-1101; Takumi ERA et
al., Blood, 2000, No. 95, pp. 870-878). Because of the
pluripotentiality of differentiation and easy handling as
described above of embryonic stem cells, they are expected to
be utilized in future medical treatment as materials for

implantation treatments employing cells.
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descri bed above of enbryonic.stemcells, they are
expected to be utilized in future nedical treatnent
as materials for 25 inplantation treatnents enpl oyi ng
cells. 3 It has been denonstrated in studies by the
inventors and other groups that the appearance of
mature cells is Dbrought about when enbryonic stem
cells were forced into in vitro differentiation.

Al thougly idedrs cdmResehted I esiMies BPaihe MUY Srs

stemcells arrive at conpletely nmature cells via stem
and GRS thaludd et Vigkd S4A%8Se A £ %H@f@%éﬁié Ofls

(internmedi ate stemcells), the process of their

brodtidd eisiid afHan éﬁﬁf}oﬂf{ﬂ’%i@n el Bflwd e MBdWced into in

respects. In addition e Is no reporting, until

v1tﬂ9 l Cﬁrté}?c c?r?ParA LR o 1 9R %y o%e%ﬁd%q:e pﬁ@dsent,

rect rom ese “enbr yoni C em ce ,

wm%%ﬁg%%%ﬁ%n@iéyg}%ﬁg ave carri edl
via Mol I%{fﬁ%tn By 198 Bl AU Er el lBron
(in GRS i @R LT S, *i*?%'i’s’foday,
dlf’{eher areooEStesﬁrﬁ"l rrditng e iz e éé%%%?
rT%trel nﬁid((: stem eelrle llsnglmgqn':ar(r:hetrrhcger%e‘e%\?%glljkunoc od the
separaq: %%osoetc%lgh(l%scgurgee Sidébermal cells directly from

these embryonic stem cells, and thus its development is

urgently needed.

DISCLOSURE OF THE INVENTION

The present inventors have carried out identification,
purification, and analysis of the differentiation capability
of endodermal cells, employing in vitro differentiation
systems of embryonic stem cells. Unfortunately, until today,
there are not found cell surface markers specific for the
endoderm. For this reason, the inventors made embryonic stem
cells in which the green fluorescence protein (GFP) gene, as
a marker gene, waé knocked-in the goosecoid (Gsc) gene, a
gene expressed specifically in the above-mentioned organizer,
and attempted to identify and purify endodermal cells. In

consequence, it was found that endodermal stem cells which
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gene expressed specifically in the above-nentioned
organi zer, and attenpted to identify and purify
endodernmal cells. In 25 consequence, it was found that
endodermal stem cells which have been differentiated
fromenbryonic stemcells express organizer-specific
mar kers and E-cadherin, leading to the conpletion of
the invention based on this finding. Therefore, the

" havddRSANtq i Rt 0N ¢l at s T Bydrlilc At @ndasherdred xSt esr

cell_mhich has been differentlaped in vitrp froma
orgdBil Ad RN Bl - SELMOEL |an e &l dhd M Celdading to the

organi zer-speci fi c-marker positive and E-cadherin

comlr%nclasd.itd.ﬁ’":t‘j'fh L SRl 5 o I{}%.@é}g%rﬂfﬁls st B{A G5 |

ereln the nmultipotenti 10 stemcell is an

e Hé%ﬁr%t,e@r&e!ﬂd:e%%jrﬂré B QAN AR tgpecific

markKer 1S goosecol el n a | abel protein Is green

(1) faer%&ﬁa%%Pi@l“ &ﬁ%%ﬁ@hi&pq{ﬁ Hﬁﬁ{edinfféleeﬂﬁ@&e% in

protein 1s tused to the organi zer-specific marker; (2

vitf%srﬁtcﬂ?% fﬁlﬂi&%@%ﬁa%&%@ﬁ%ﬂﬂwﬁé%ﬁ}& &e &'@Ji.flhis

conpri Ses ng multipotentia

orga%qtieztgf—c %lelcsl fi%]—qnabgkesrel eocéi.ﬁ"gv?a%é eip—acraaciﬂér}%ir? %A§itive ;

expressi'ng an -~ organi zer-spéecitic marker a
reé?cghherin; preferably,. the nethod wherein a cell
P rteri s enpl oyed at the selection step; further

O Shel Aldbas BRI Y Sl Z ALy
strf GRLT 147 SREUEIPD FHGH H1E, AR U0 hddbzer-
speéggfé[ﬁgéﬂggzﬁssgé%gecoid,'wherein a label protein is
green fluorescence protein (GFP), and/or wherein the label
protein is fused to the organizer-specific marker;

(2) a method for preparing an endodermal stem cell, which
comprises the steps of a) culturing multipotential stem
cells, and b) selecting and separating cells expressing an
organizer-specific marker and E-cadherin; preferably, the
method wherein a cell sorter is employed at the selection
step; further preferably, the method wherein the
multipotential stem cells are cultured in the presence of
activin in a serum-free medium on a culture plate coated with
collagen IV, thereby differentiating the multipotential stem
cells into endodermal stem cells;

(3) a method for differentiating an endodermal stem cell of

the present invention to prepare an endodermal cell of
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cells into endodermal stemcells; (3) a nethod for
differentiating an endodermal stemcell of 25 the
present invention to prepare an endodermal cell of
interest; preferably, the nmethod wherein the
endodermal stem cells are cultured in the presence of
activinin a serumfree nediumon a culture plate
coated with collagen IV, thereby differentiating the

intedare ol fedaybceldise indthehddderet theedndoddrmahestem
preferably, the nethod wherein the endodermal stem

celleeldre anf taidddiried tHe tgregyesense adt D {basi Kerum-free
fibroblast gromh factor) with activin, thereby

medidinf fogy entdattinig tdie tendadetdmlwistiereseldgen Mw, thereby

~ endodermal cells; nore preferably, the method wherein

dlf@&tén\ﬂlrat&rigs ﬂ:feecé:ﬂdb@@rm | Ml ST £ndodter dvedo &ethSl

obt ai ned by these preparation nethods; and (4) a

cell®Bt Ko tr HreRaiddyl ¥ Sﬁkﬁéﬂl@&ﬂo@fwﬂéﬁﬁrﬁsﬁhé réfddde rmal
mul ti potential stemcell, which conprises the steps of

stemPlell¥ B CNG 1A N Oéhél PN B LIPFEN (hesic
genonme of a 15 nultipotential stemcell so as to be

flbx%@%tsecd FrOWHIE RIVASS AN A, amdedeyer m ned

mar ker dene, such that said |abel proteln 'S

di f EOHRRS S rircrﬁz’_[h%aqek od¥rrifLOed Wity i endodermal
et erm rie

pre er gene, and b) selecting and

cell%e,.pgﬁfo%g 'Eﬁbesflteer@bc%} | sy ﬂ&ﬁ&%hé‘f«éﬂg até‘t?lxyﬂ?e)x o used

protei n"as an i ndi cator; erably, the

as al LRAq, . V"‘?:Sfcf'é?ld Iﬁ'&{ﬂtd&!ﬁf§r}5%@%n§é§rﬁ Blileds an

ryori c stemce and prot nis green
pr epfalrlécﬁrl%%c i h%rcﬁl;e i dha
(4) a method for preparing a stem cell of interest from a
multipotential stem cell, which comprises the steps of a)
introducing a gene of a label protein in the genome of a
multipotential stem cell so as to be adapted to the
expression system of a predet,efmined marker gene, such that
said label protein is expressed instead of or together with
the predetermined marker gene, and b) selecting and
separating stem cells of interest using the label of said
label protein as an indicator; preferably, the method wherein
the multipotential stem cell i1s an embryonic stem cell and

the label protein is green fluorescent protein.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a scheme for the production of an embryonic
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BRI EF DESCRI PTION OF THE DRAWNGS 25 Fig. 1A is a
schenme for the production of an enbryonic 6 stem cel
havi-ng a knocked-i n goosecoid gene. Fig. |IB shows the
results of southern blotting analysis of honol ogous
reconmbi nant enbryonic stemcells enploying the GSC
gene as a probe. 5 Fig. 2 represents the results of
cell selection showing the appearance of GFP-positive
sterceldisl Mavintpic nhddieed-did fesesddaid aersnd of RT- PCR
showi ng that goosecoid is expressed only in
GFRF-RESITE o] lthe Hepul: shoivsddmhaat tellot fngentalysis
expression in the GFP- 10 positive cells obtained by
of HMd1GRIES tdibndlihntd Siforie dtesuldsld dnpsllsy gy the
t he Ifferentiation of Gsc-G-P-positive cells in a

GSC Q%Vﬂgnggeaepm_um suppl emented with activin A. Fig. 5
shows the results that the percentage of G-P 15

POsiily V& Geldysdeh i drased fapenst ng10n ddiction showing
concentration of activin A Fig. 6 shows effects of
the é@@eﬁamé) R JM&CE:R% tcﬂ%.lsd'ﬂ)f ef il Al d ¥ Of

positive cells.” Fig. shows tHe expression

ot APISEDAIGE Spt oy TSR ENS asliya e

exp%4é§%&3ﬁ%ﬂyﬁﬁgid@§_ﬁ%§§¥yygiégf§§jtive cells, and

Fig. 3 shows the pattern of gene expression in the GFP-
positive cells obtained by cell selection.
Fig. 4 shows the results of inducing the

differentiation of Gsc-GFP-positive cells in a serum-free

medium supplemented with activin A.

Fig. 5 shows the results that the percentage of GFP-
positive cells is increased depending on the concentration of
activin A.

Fig. 6 shows effects of BMP-4 and bFGF on inducing the
differentiation of GFP-positive cells.

Fig. 7 shows the exbression pattern of E-cadherin in
GFP-positive cells.

Fig. 8A shows the differentiation of eﬁithelioid cells
from GFP—positive, E-cadherin-positive cells, and their
cellular morphology.

Fig. 8B shows the expression of cell-linage specific

genes in epithelioid cells from GFP-positive, E-cadherin-
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cel l ul ar norphol ogy. Fig. 8B shows the expression of
cell-linage specific 25 genes in epithelioid cells
from GFP-positive, E-cadherin 7 positive cells. BEST
MODE FOR CARRYI NG OQUT THE | NVENTI ON (1) The present
i nvention provides an endodermal stemcell 5 which has
been differentiated in vitro froma nultipotentia
stemcell, wherein the cell is

posidf el Zerrspeci fi c-marker positive and E-cadherin
positive. As used herein, the term"nultipotentia
stemcell"” neans a stemcell which is capabl e of
self-replication and 10 possesses the capability of

BESTiMASE bR atAfiy 1t ot Teasinemerieg! | sel ected from
an ectodermal, a nesodernmal and an endodernmal stem

d @ésdewci 84 PR YPRES %e&&g@rmgf|£teﬁ?%%l

ryonlc germ (EG cell, an enbryonal carcinona
whlcﬁ'?|1+ tdlpf)féafgn@ijé‘tlzéd pmgwfferfﬁé{m £ ip8PedPial
t pluripotent stem (APS) bone marrow stem

stem ce erl ve roma var ani ITH S SucC

I ?%EHE key,
pos#ﬁ?ﬁ%?éél FQB% gU| ea plg, gaiy g?;?edog?thorse,
t . ”
(L:Jguaﬁ Iy, rru}}Jt]:eegL%{ e%l{edsce e%tﬂé%ﬁlsp%%lmgfr%%m élﬁacr:%ll
meangead stAeSm Usel NALELD 1 4 NG S G010 " SFPLYPPLE ST £0L£E6) " ana

possesses the capability of differentiating into at least one

stenFeééll, ﬁfme r}?rtche fok b&‘?&qu% Sl %%ﬂﬁ as

cell selected from an ectodermal, a mesodermal and an

endodermal stem cell, and includes an embryonic stem (ES)

~cell, an embryonic germ (EG) cell, an embryonal carcinoma

(EC) cell, a multipotent adult progenitor (MAP) cell, an
adult pluripotent stem (APS) cell, a bone marrow stem cell,
and others. Use can be made of multipotential stem cells
derived from a variety of animals such as mammals, including
human, monkey, mouse, rat, hamster, rabbit, guinea pig, caw,
pig, dog, horse, cat, goat, sheep; birds, reptiles, and
others. Usually, multipotential stem cells form mammals are
used.

As used herein, the term “embryonic stem cell” means a
cell present in an early embryo and having the
pluripotentiality of differentiation and which can

differentiate into different cells, including also germ
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cell present in an early enbryo and having the
pluripotentiality of differentiation and which can 25
differentiate into different cells, including also
germ 8 cells, when injected into other blastcysts. In
the present invention, use nmay be nade of enbryonic
stemcells which have been freshly established from
the inner cell mass within the blastoderm c vesicle,

celXd, Ofhd rBefictesd abhtshetheel b1ispegstS. ASIlisgk present
herein, the term"endodermal stemcell"” neans an

invdrit Riedisd ensf eFa GRdde W Comisk §d@i €Nt téh eSel D OwRich have
cell 'belonging to the endodermal tissue but which

beerflO8Se 0ty LiffiereMd@tLrdntond cohbr DL ONGhAgstRithen the
mesodermal and ectodermal tissues. In the devel opnent

blaﬁo@edré@n{gfv%@e#%‘is@, the M%‘iﬁ(b@?ﬁ’abﬂﬁ%‘&péél’f lines.

neso whi ch have roma specified

region of4 the &l theld a&de]_txﬁ Ssaﬁ%&g%%gyg ihe, bLastuhaans

penetrate into the 1 nside of t ryo ana nove

an jtt%ﬁéé’ﬁ?éhﬂ‘tee pé@éﬁ"@éii’%ﬁf&?d&{f‘f@a?ﬁ%@f%&@fFM’:& forgn

€ presunptive nmesoderm durtng t gastrulation

belo&gigf%gﬁnéﬁ@%#o@mgl stf sgéybg’ﬁswﬁ’{cﬁhgoes not

s constituting these presunptive

a1t £ %lga{r}aa ,eﬂg@éjeé Mef %é‘f&ﬁ’?gﬁng“cgs f@&%&&'&&@?ﬁal and

and nesodernal =S respecti vel

cor SR LAY, R, SRR 3 3 ienin ene
motl'%lﬁ-f g%g(&t ﬁ#%tﬁ@)’%#g%ﬁn@éééggﬁgft c':gi.lgt %rf‘léﬁ' fnaggdleft

from a specified region of the epithelial tissue forming the

blastula penetrate into the inside of the embryo and move

between the presumptive ectoderm and endoderm to form the

presumptive mesoderm, during the gastrulation occurring from
day 6.5 to day 7.5 of the development. Cells constituting
these presumptive ectoderm, endoderm[ and mesoderm: are
ectodermal, éndodermal, and mesodermal stem cells,
respectively.

As used herein, the term “intermediate stem cell” means
a cell which is at an advanced stage of differentiation of a
multipotential stem cell and which is any one of an
ectodermal, mesodermal, or endodermal stem cell, or mixtures
thereof. Therefore, an intermediate stem cell may be
expressed as a cell pdssessing the capability of

differentiating into any one of an ectodermal cell, a
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ectodernmal, nesodernal, or endodernmal stemcell, or
m xtures thereof. Therefore, an internedi ate stem
cell nmay be expressed as a cell possessing the
capability of 25 differentiating into any one of an
ectodernmal cell, a nesodermal cell, or an endoder nal
cell. Cell inplantation treatnents require
differentiating .enbryonic stemcells in vitro,
mesddégi N abhbutot hen afpdedente]l ©&11nt ernedi ate stem
cells differentiating into a given germ5 |ayer, and
furgdier ipaplidnt 20 drh etih & Ot i rea ree dount 10 N fd rentsietting
cells of one kind. As cell materials utilized for cel

embryi BNt SEdroncd I Bat ive ng 5t rd NSk 1esh 18 ealsd e €ied | SppéLrance

of greater value in use than mature cells in that: 1.

of iYldrmeeLlds éﬁeﬂﬁéﬁlléS&i@iéf@h%ﬁéﬁﬂh§a£@@$|at?ﬁﬁe@fgerm
10 proliferation, whereas internediate stemcells have

1ayéwcfhnd" Aerh&ARADH #§1:88 ©leh Nty i pFPFOl id@EAbOate
Thi s means t hat maki'ng up of appropriate conditions

stert Q1A § YE£themnd nt @s‘ Vit kR ¥raldifenatiiate for cell
Internedi ate stemcells of one kind differentiate into

1mpléh?@¥ldﬂ“%f%é¥ﬁédﬁs'“ﬁﬂ%é%ﬁéﬁié%eZ%EEﬂrﬁﬂfi§r§r@-of

l'er nunber of cells could achieve hi gher results,

greathsn x;atlﬁl%]hﬁ{ ety GidEete IS P ?élrgﬁ{rme%er S used

erein eterm"” organlzer Specl nmeans a

1. WA rl:é’hf‘lsc df c?{tﬁ st Prﬁé%é'f&\lz' abébﬁ‘ft?@s of

organi zer, case O

proﬁ¥¥¥¥§¥id£ (ﬁﬁgyeas}ﬁﬁ%égheﬁigkéJé@em13@1EQQ§§ﬁ9Hﬂuch

gene 1S
higher capabilities of in vitro proliferation. This means

that making up of appropriate conditions"could force them
into in vitro proliferation.
2.IIntermediate stem cells of one kind differentiate into
various kinds of mature cells, and therefore é smaller number
of cells coﬁld achieve higher results, when the therapeutic
effect is compared. |

As used herein, the term “organizer-specific marker”
means a protein which is expressed specifically in the
organizer, and includes, in the case of mice, goosecoid
(Gsc), HNF-3B, and Liml. The goosecoid gene is a
transcription factor having homeobox domains and it has been
shown that among genes expressed in the organizer, this gene
is expressed specifically in the organizer (in Principles of

Development, Lewis Wolpert, OXFORD Press, 2002, pp. 105).

- 10 -
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transcription factor having honmeobox domains and it
has been shown that anong genes expressed in the
organi zer, this gene is expressed specifically in the
organi zer (in Principles of 25 Devel opnment, Lew s
Wl pert, OXFORD Press, 2002, pp. 105). - 10 The
nunber of organi zer-specific marker to be use d in the
present invention may be one, or two or nore. HNF-313,
The anunitgan 2 esrgpecrércspae ket ¢ msrklescto bee use Anin the
S.-L. and Rossant, J. (1994), Cell, 78, 561-574; 5
preséitnsirerentidn Guagtbal one [ 1884)wo Get Imor8, 575- 588;
and others; Linml is described in Shawlot, W et al.

( 1988)-38\atart & rgbith 2 2o Kbl £ i aRghhies ¥ ) 1S described in
transnmenbr ane-typed nenbrane protein responsible for

Angadesi onhetneesace) | 5. (fnoey) Reve1 Cel 18, Deg1-519;
Biol., 1997:13, 119-146) and it is known that

weidst@d; debi ot erdt A LE, a[Eoeapy yoaical 1y, | syhabsa) aeay
early stages. In this aspect, preference is given to

otheéa® ] S dnn WY ce feriphel i Prot i Tohasybeep dusedi§9spn
organi zer-specific marker, or alternatively a marker

Nati3&e 1as, bepn supstituted with a 15 gene of a | abe
protein (gene knock-out nethod) . As a |l abel protein

camR& dHddir7 & 3 §8fhid Qufdib £ 4H L) profein
W&é

any protein which can be used on fluorescence

res%éi‘@f@df&?lédhésgigrgrﬁe&fégsé lléoh’éﬁ‘?@%’é[ F(?%E\;AMDeV.

Fusi ons can be na y nmeans of proc

sio, ags o0 Ui Iol Nl 20 LA0POIL o coo-cesiciont
mice are embryonically lethal at very early stages.

In this aspect, preference is given to cells in which a
label protein has been fused to an organizer—specific marker,
or alternatively a marker gene.has been substituted with a
gene of a label protein (gene knock-out method). As a label
protein can be utilized Qréen fluorescence protein (GFP), or
any protein which can be used on fluorescence activated cell
sorters (FACS’s), for example, dsRSD. Fusions can be made by
means of procedures well-known to those skilled in the art,
for example, homologous recombination and gene introducing.

As used herein, the term “positive (+)” for a given
molecule means that a celllexpresses the molecule, and
“negétive (=)~ meaﬁs that no expression occurs. It is

possible to determine whether a cell expresses a given

molecule or not, for example, by FACS.
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As used herein, the term"positive (+)" for a given

nol ecul e neans that a cell expresses the nol ecule, and

"negative (-)" means that no expression occurs. It is

possi ble to determ ne whether a cell expresses a given

25 nol ecul e or not, for exanple, by FACS. - 11 As

used herein, the term"in vitro" neans that a

reaction or culture is carried out in the outside of a

i i isdddyerd 11g) uthé O értin €A Vol t Mfre et s stlsate a

cultured and/or differentiated in vitro, all the
read®ih@, ox ecQ@gENiBe BHAcHr €08 aduer Bn Sthhé abhes{ias dhea living

growh of the cells can be used. "In vivo" in the
bodgpetidledin@aneanisr yhat whare a1l sdfe cullthuder] ishd/or
performed in the inside of the living body, including

dlfz?é‘r&[@:[é’@ed Oh $hetop £EI @& @IOTeReNgéRkes Mace
hin a living body. 10 (2) As another aspect, the

contpiﬁm élﬂi’@&%l@”fcpf oM & €r Sy t 1TBS AOEh & Of e DI £P3dh N Bised.
endodermal stemcell, whith conprises the steps of a)

“In QI 1119 R thPOLtepi b i S GRRLRES | SnafNdl PdacEEbRCELNT
i

and separatlng celTs expreSS|ng an organi zer- specific

d
culﬂ&?{ < l%ed foﬁ@éj&'_qﬁ Nehe S A &4 etrPr@tQ@rf‘HrP:@%nﬁéﬁ'ﬁ

ove, it is preterable that a la

1nclﬁ.{cﬁf(% N SedbS@Y, 19 ah OF ?Vn\cj;%lﬁlfalﬁ p&‘félflélﬁeﬁ@ﬁ k@ék@é Blace

gene I'S substltute a gene of a | abel

Wit rgtgﬂ&g&rﬂeo ckout method) . In this case, cells
interest”are selected by a cell sorter, preferably

(2) As another aspect, the present invention provides a
method for preparing an endodermal stem cell, which comprises
the steps of a) culturing multipotential stem cells, and b)
selecting and separating cells expressing an brganizer—
specific marker and E-cadherin.

In the preparation method described above, it is
preferable that a label protein is fused to an organizer-
specific marker or a marker gene is substituted with a gene
of a label protein (gene knockout method). In this case,
cells of interest are selected by a cell sorter, preferably
by a fluorescence activated cell sorter (FACS), using the
label of the label protein as an indicator.

An FACS is usually provided with a flow cytometer, a
laser generating unit, an optics, a data processing unit, and
a cell sorting unit. The function of a FACS is automatic

separation of.fluorescently labeled cells and computer
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20 by a fluorescence activated cell sorter (FACS),
using the |abel of the |abel protein as an indicator.
An FACS is usually provided with a flow cytoneter, a

| aser generating unit, an optics, a data processing
unit, and a cell sorting unit. The function of a FACS
is automatic 25 separation of fluorescently |abel ed
cells and conputer - 12 analysis of intensities of

anali®isd df unieseenetes Byf atiiéGS, f166téscéhool essent IBACS,
|'abel ed wth a specific substance are irradiated wth

cells | BRI r HEIER Oy t NELIBYG O Bh NAT §98e 1 F 0w sBBEPance are
foll owed by nmeasuring signal information of scattered

irr%ié’@éﬁ swifrraes gds@pdsd At es! t1§e|9 aIéAfrsﬂ 41 9t Sy aptow-

uorescence on every individual cells and displaying

pati ! SEoTERSMA b He£XMPhE s ASn AL f {2BYERASY1 S SEF | DYLE€8red
so that cells yielding a specific signal infornmation

ligHad F%%gg#&dand FACS: RO DARPE et S cpﬂ@i@fgLaéﬁar

-avali rom Becton 10 Di cki nson and others, and can

flu#ﬁ%ﬁ%ﬁﬁéﬁE%kk%%é@??fnéf&i&ﬁﬁhiéb%%geaﬁ&Fd?%§?§9%%€ 16s

acture s I nstructions. e posit

oo AE bt ST QSR L LR UL L e e
cer SEYSDAEAR 0 DELUesobi oL dRLok g 2eh sl SBLlSofPea.
mncd Yokl ¥ SRR DI S BV DByl ABEon,
iR OU RS NGNS Pr&le" &D) GdN§Pe #5683 By 2 OES stfled in
the art according to the mahufacture’s instructions.

The positivity for E-cadherin is determined by using an
anti-E-Cad antibody. In addition, a fluorescence activated
cell sorter (FACS) can be used in order to select cells on
the basis of its molecular expression.

Antibodies for use in the present invention may be
either polyclonal or monoclonal antibodies, with monoclonal
antibodies being preferable when used on a FACS. Such
antibodies can be produced by those skilled in the art with
reference to.the methods described in the Examples, while
commercially available antibodies may be used. An anti-E-
cadherin monoclonal antibody is commercially available from
Takara Shuzo (article No. M108), or can be easily prepared by

procedures well known to those skilled in the art.

The positivity for E-cadherin can be also selected
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anti bodi es can be produced by those skilled in the art
with 20 reference to the nethods described in the
Exanpl es, while comercially avail able antibodi es may
be used. An anti-E- cadherin nonoclonal antibody is
commercially available from Takara Shuzo (article No.
MLO8), or can be easily prepared by procedures well
known to those skilled in the art. 25 The positivity
usid@Preife Gehesh e Can Derph 0156l 8L ERINA 48 EUSAABetD® as an
presence of intracellular nmRNA of E-cadherin as an
indidggator. . For culturing enbryonic stemcells, use
is made of nmedia having conpositions suitable for the

purﬂﬂsecﬁt&f@ A1 N SYh OF s Elbrh F GE BT | BG4 005 & h@agsl b8

Medi a for al ni ng enbryonic stemcel [ s usual 'y

med 4 enﬂﬂﬁ"azjzo ftlégé g@ltaﬁyétﬂsf éﬂﬁ%ﬁfﬁassd oW th

serum Ut am ne, 2-mer capt oet hanhol

2 iR B WM T h50e e 8. G ook o Mg A

mal%}#ﬁ ﬁgﬂéﬁ% 2 ot AM NEM o B 9 &Qggllynerel%ﬁn&ﬁgiamEQEa

g enbryonlc s emcelTs usual Ty are

forrgélfm%%lﬁﬁpea%&éé}éﬁ%*t&&'& %P@&enfffedLmﬁlHtamlne,

serum ner ca anof and ot

2-ndii g@?%ns 0, et 16%{%:%1 Slle, B R 5 e

cond L “‘%&?ﬁldﬁﬁéﬁft%@ SR PR aRE e i

M Ira% SUbStléﬁéeels mvﬂlﬁg&e {616]8%1%1]]? ﬂ?¥ b%{euc?' ia for

differentiating embryonic stem cells usually are minimal
media for cell culture supplemented with serum, L—glutamine,
2-mercaptoethanol, and others, and do not contain LIF. One
example of such compositions is 90% o-MEM, 10% FBS, 5x107° M
2-ME, 2 mM L-glutamine. To each medium.can be added other
substances useful for culturing, such as antibiotics, and
substituteslhaving equal functions may be used instead of the
respective components. The respective componeets of a medium
are sterilized and used by their appropriate ways.

Specific procedures in the method for cﬁlturing
embryonic stem cells according to the present invention can
be carried out following procedures and conditions well-known
in the art. For example, decision can be made as
appropriate, taking into consideration the descriptions, for

example, in Norio NAKATSUJI, ed.: Zikken Igaku (Experimental
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respecti ve conponents. The respective conponents of a
medium are sterilized and used by their appropriate
ways. 20 Specific procedures in the nmethod for
culturing enbryonic stemcells according to the
present invention can be carried out follow ng
procedures and conditions well-known in the art. For
exanpl e, deci sion can be nade as appropriate, taking

Medi dHirk CONSUBIST AVON. | N SleBOhd DA DSout 6 25 XD | Bost-
in Norio KATSUJI, ed.: Zi kken Igaku (Experinental -

Genoife HvRdi Cidvedm @‘PP'and/Qtlon@@P@ééM abr§OSESEs 4, i Yodosha

the Post- Genone Era, "Stem Cell and d one Research

Co. PridPCol 5061 Y0 @, ,ettsh . (2091) Mck{@g@rnm& &t
al”. ed. I\/buse nbryo Mani puI ations: Laboratory

Manlgﬁﬂ 10@1%%15&961% %ar%é—?b%@I@rysz{ﬁésHarbor
|nV|eW NY (1994) obertson E.

‘EPQ? c acti cal
Labo ]%% ch Press %?\3* K(198 éﬁ%re*réschlﬁ BIGE ed.

,Teraec{@%d@{ﬁﬁ%ia%.ng BT ST By O M oeat °F

App%%nggsgfr% atllegs %Qfoe)}# tﬁgnﬁg dC stemcell's can be

e yanyo s known in the art,

e tteaﬁﬁé ({Jﬁnen to%%eujc# ée{r&'&%ﬁ{e %ﬂ[ﬁe a

presence Ivin iIn contal ners

stend "’%%%*%2 FORASHR drudile 4 ?I*Sﬁ EEFLE Supsgme
ste cséll of E%r%n%%dsl% ImO'?:%' et% :\E cﬁ:ff%r(?ntlated by

tFanst orm ng-grow h acto
any é%“%ﬂélﬁé¥hods known in the art, and are typically

cultured using a serum-free medium without LIF in the
presence of activin in containers coated with collagen IV.
Activin used here is a peptidic cell-growth/differentiation
factor_having a size of 24 kD and belonging to the TGF-f
(transforming growth factor-beta) family and constitutes a
dimmer having two beta-subunits via S-S linkage (Ling, N. et
al., (1986) Nature, 321, 779-782; Vale, W. et al., (1986)
Nature, 321, 776-779). 1In the present invention, any of
activins A, B, C, and D can be used, or activins from any
animal, such as humans and mice can be also used, and they
are commercially available from R & D. Among them, activin A
is preferably employed. It is preferable to employ activin
from the same animal species as the species from which

multipotential stem cells used are derived. For example, it
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di nmer having two beta-subunits via S-S |inkage (Ling,
N. et al., (1986) Nature, 321, 779-782; Vale, W et
al ., (1986) Nature, 321, 776-779) In the present
invention, any of 20 activins A, B, C, and D can be
used, or activins fromany animal, such as humans and
m ce can be al so used, and they are commercially

avai lable fromR & D. Anbng them activin A is

is prfeferadlley et ayethn ldct Bvi ef ef ibdrp 1 @y edphioyn
activin fromthe sane ani mal species as the species

mu 1 I8 emt 14T 25 6l ¢ PDS eft bl high@Mg CRY | $se@edls aflge starting
derived. For exanple, it - 15 is preferable that

ma t SWHEAN, aghieV icd i ein® rafilcey @ when viflild Rateardia1 s tiem
cells fromhumans is used as the starting material.

ng/miN& € ANCAH ¥ Aty 0fh of 0 %ﬁh«i bésnPrefermbdty glerdBiwle. At
or higher, with 10 ng/ bei ng the nost preferable. At

lowexr | QRIerfONCEISA AL NS, i AdEct MEWGEHI PN W 141568 BESEght
brought about, but the percentage of positive cells

abouts, HH lthd hddit b l(%f pSsPOSed k€119 difépientiate

mul ti potenti;al stemTells 'nore preferably into

en%d%rd@tiogf,e@tceﬂé gﬁéﬂﬁﬂ@ E@%ﬁﬂ’f@f%ﬁf@t

mul t1 potenti stemcells 10 are cultured in the
ke A E I
seorf MRS 3 01466 G 2o PO P IL 00U, B oo
ore SINAE 5 WMFSagLs, s Wired WIceTc LPasEolReat routn
facégyﬂ'aﬁth activin. BFGF is available from R & D. The
concentration of b-FGF is preferably 10 ng/ml or higher, with
10 ng/ml being the most preférable.

When embryonic stem cells are cultured under these
conditions, mouse embryonic stem cells will reach an optimal
number of endodermal stem cells which is suitable for the
purification according to the present invention, usually at
day 4 to day 6. Alternatively, it is possible to allow
embryonic stem cells to differentiate into endodermal stem
cells also by the embryoid body formation method which has
been carried out in the paét. In addition, although it is at
low efficiencies, substituting of gelatin, fibronectin, or
the like for collagen IV allows the differentiation of

embryonic stem cells into endodermal stem cells (see, for

example, Wiles, M. et al., Development, 111, 259-267, 1991).
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nunber of endodermal stemcells which is suitable for
the purification according to the present invention,
usually at day 4 to day 6. Alternatively, it is
possible to allow enbryonic stemcells to
differentiate into endodermal stem 20 cells al so by
the enbryoi d body formation nmethod which has been
carried out in the past. In addition, although it is
at (3owmefdicienci &pecsbsttid Wiewpmf gelattiinn provides a
fibronectin, or the like for collagen IV allows the
netibd f &5endi ot d0dn ©f at odprawnéndsdemakl disehndoll of the
endodernmal stemcells (see, for 25 exanple, Wles, M

prefindl invdevedwpiEntreddde #AP%rXdddediPl)cell 16F :(ﬁﬁefést,
anot her aspect, the present invention provides a

and ra%ﬁ hathd adrigh T f &L ENtd B¢ & 1t Ao ENEIOT I iBd p 5 £01 68| the BHhod .
the present invention to prepare an endodernmal cel

of JHRtLHEsthod vk af endadaringl i Gelna wiai dedr Pyd tdis in

preparation nmethod. 5 This nethod for differentiation

s imiTBYr 08 SALAL R0 04 &ébcéﬁﬂ@dﬁﬁb&%@cedures as descri bed
above. Endodernal cells which are obtained by

di fef iR it 1 r&lf&%ﬂf&i‘a&rétcﬁm&ﬁiéé ©f dheror&seiting

|nvent|on are cel which differentiate into stomach,
end ﬂné§ﬁ1§“¢ftﬁﬁgnp nt VEiveSPl §8Nar&ndells
arge int uture Ich can find wuse in

%E %’g ﬁ%nﬁﬁ?c uc e

whi oactive su stances and ot e?%&ég%%ﬁﬁasi@%%€€%ﬁyﬂ fract,
C S | i at

llv% dsg&ot%&r Sld 1a9§1§1' BQe£liMiGal APPLLE; dzl?l‘éh £4) find

aspect e present i1nvention provides a
use in development of drugs, and as cells producing hormones,
bioactive substances, and others, such as insulin producing
cells, and for clinical applications.

(4) As another aspect, the present invention provides a
method for preparing an intermediate stem cell of interest
from a multipotential stem celi. An intermediate stem cell
of interest in this embodiment has the capability of
differentiating into any one of an ectodermal cell, a
mesodermal cell, or an endodermal cell. In this method, a) a
gene of a label protein is introduced in the genome of a
multipotential stem cell so as to be adapted to the
expression system of a predetermined marker gene, such that
said label protein is expressed instead of or together with

the predetermined marker gene. As a predetermined marker

gene, use can be made of markers which are specifically
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15 nethod for preparing an internediate stemcell of
interest froma nultipotential stemcell. An
intermedi ate stemcell of interest in this enbodi nment
has the capability of differentiating into any one of
an ectodermal cell, a nesodermal cell, or an
endodermal cell. In this nethod, a) a 20 gene of a

| abel protein is introduced in the genone of a.

exprai$éPoi@MNah Rl 05é eST Ceh| e8R0aSrhQl pea afapd @drihal f heand an
expression system of a predeterm ned marker gene, such

endddedma Bad tleth ab@11 pr ob£i Bxhp BXPr EBECEpLOSELAUNAEkKOF gene
together with the predeterm ned marker gene. As a

soxPregdeties i e FRrKgE 201 98NEeiN§CecELHIOEMARIELOL cells,
mar kers which are specifically - 17 expressed in any

the OiiSe & £ 0 REFRLLT §Bhe BrIBRQULY "L, MEHEgeNineNdRdehaBLase
stemcell, for exanple, the specific marker gene SOX1

of hdsdderkALesOéntbHELLE] | SndetRg S6L0HEI BBhaSkEM §8hESEATAY
t he specific marker-gene Brachyury or Mesogeninl in

or écﬁb@]kﬁaﬁ? Ph QT cABSOLET FBL SLEM Cﬁ%}ﬁg 8RGod8PmsPEELELC
mar ker gene GATA4 or SOX17 1 n the Tase of the cells

ce1 P! n%o%n%%eri'}ﬁéro%@eio‘}?ldﬁ'a Fund hee ial"tlra{%%f:t Lot Of
ag abel 0

ene of a | protein, ho ogous rec I nati on
. I e . _
om o Y o S L P v 0 e usea.
¢ ! . ot | . .
2as LPAREER Hien 0en Lo TR 18 TLER) Pefhol PHE] &L, Linkea
canrgén&gg as an indicator. In this aspect, it is
preferé%]e that the

Subsequently, an intermediate stem cell of interest is
selected and separated using the label of said label protein
as an indicator. In this aspect, it is preferable that the
multipotential stem cell is an embryonic stem cell and the
label protein is green fluorescence protein.

| The method in this aspect is applicable to methods of
preparing precursor cells of intermediate stem cells (cells
which are at stages capable of differentiating into any two
of ectodermal, mesodermal, or endodermal stem cells) from
multipotential stem cells. Therefore, the present invention
also includes a method characterized by a) introducing a gene
of a label protein in the gencme of a multipotential stem
cell so as to be adapted to the expression system of a
predetermined marker gene, such that said label protein is

expressed instead of or together with the predetermined
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mul ti potential stemcell is an enbryonic stemcell and
the 15 | abel protein is green fluorescence protein.
The nethod in this aspect is applicable to nethods of
preparing precursor cells of internediate stemcells
(cells which are at stages capable of differentiating
into any two of ectodernal, nesodernal, or endoder nal
stemcells) from20 nmultipotential stemcells.
marHEer @éne £, andieb preseattiny eahd osepatsbingcintesmadiate
met hod characterized by a) introducing a gene of a
stethabEl19rof eimtéresbeugengnensf 1aball ¢ £ psatat Labest paotein
cell so as to be adapted to the expression systemof a
as Phededermsed marker gene, such that said | abe
protein is 25 expressed instead of or together wth

t herips eglet BSwH @ te g arSl e STBF &6F e SENE, a2 NehbO d BREREL HATthe
and separating 1nternediate stemcells of interest

presShP0i dhent 8be] Shdsat dehabeinr 018é NdeRSndPrates that
i ndi cator. The foll om ng exanpl es represent an

end&ADRRA et opf cd DB ?r@ﬁ@f@@tbynﬂﬁ@tm@ﬂho@n@fathéhﬁresent
sanme tinme denonstrates that ‘endodernal stem cel

1nvéﬂ€ﬂ§ﬁ3@a@¥ the opthod ofthe @IP?@P&ntiQﬂfﬂ&'QHtBaMSture
e capability of differentiating into mature

ce %? EXAMPLES Ref erence Exanple 1: Muaintaining of
nmbryonic StemCells. a. Materials For maintaining
enbryonic stemcells, reagents and

EXAMPLES
Reference Example 1: Maintaining of Embryonic Stem Cells
a. Materials

For maintaining embryonic stem cells, reagents and

equipment indicated in Table 1 were used.
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equi prent indicated in Table 1 were used. Table 1
Manuf acturerArticle No. G asgow m ni mal essentia

medi um I nvi trogen11710-035 (G MEM Gel ati nSI GVA. @500
2- Mer capt oet hanol (2- ME) SI GVAM/522 Dul becco' s
phosphate buffered I nvitrogenl4190-250 sali ne,
CaCl2(-) L-glutam ne, 200 nmM nvitrogen25030- 081
Non- essential ami no acids (NEAA)Invitrogenll1140-050

MyCL2H,

Tabletal bovi ne serum ( FBS) EQUI TECHSFB30- 960

LLEChem conESGL107 0. 259 (\I\, \1)

trypsin-EDTAInvitrogenZSZOObQﬁﬁm&Ne@KQUT Semntiticle No.

replacepent (KSR}l nvitrogen10828-028 6-cm-di-shEALCON3S
Glasgglomiminalo #FsEPt+dh W iRel rmditueytar Ml NuaTnbAESS
(G-MEMdryonic stemcells was: [89% G- MEM 1% EBS_109% KSR
GelatQnd M 2-MgE, 2 nM 5 L-gl utjafidyg O. 1 M NEAAS5 oand

1000 WMl IIE. _EBS cells derived fromMuse 129 strain
2-meleh oéthéﬂol ab-yrfenes and Heygl opment, 1998522

12: re used as [ enbryonic stemicell b
Duluapggé@Lphgﬁphate buffered . _
saline, MgCl?(), cac12t) Invitrogen 14190-250
L-glutamine, 200 mM Invitrogen 25030-081
Non-essential amino acids (NEAA) | Invitrogen 11140-050
Fetal bovine serum (FBS) EQUITECH SFB30-960
LIF Chemicon ESG1107
0.25% (w/v) trypsin-EDTA Invitrogen 25200-072
KNOCKOUT serum replacement (KSR) | Invitrogen 10828-028
6-cm dish FALCON 35 3802

The composition of the medium for maintaining embryonic

stem cells was:

L-glutamine, 0.1 mM NEAA,

and 1000 U/ml LIF.

EB5 cells derived from Mouse 129 strain

al., Genes and Development,
embryonic stem cell.

b. Procedures

1998,

12:2048-2060)

Six-cm dishes were coated with gelatin.

were seeded with 2 x 10° EB5 embryonic stem cells.

the medium was exchanged once.

confluent at day 2,

89% G-MEM, 1% FBS, 10% KSR, 10™ M 2-ME, 2 mM

(Niwa H.

Coated dishes

When the cells became

- 20 -

the cells were detached from the dish

were used as

Next day,



10 Six-cm dishes were coated with gel atin. Coated
di shes were seeded with 2 x 105 EB5 enbryoni c stem
cells. Next day, the nmedium was exchanged once. Wen
the cells became confluent at day 2, the cells were
detached fromthe dish - 20 wusing trypsin, and seeded
again onto gel atin-coated dishes at a concentration
of 2x105 cells. Culture was carried out on a 5% C02
usingndiyatsam atar¥ Geedref exganioe dixtanpiel & in+whatédrdbshes at
the Differentiation of 5 Enbryonic StemCells in
a copantrErteenVed WmED® Metldsi.al SuFburendasi ogrrhed out on a
differentiation of enbryonic stem cells, materials
5% doydiiaatibdtbomr RabBa°@.were used. Table 2
Manuf acturerArticle No. SO one (SF-03)Sanko
Re f eHéyaK > @ Iddiubt Bavide tges um Bfdturtiation of
(BSA) SI GVAA- 2153 2- Mer capt oet hanol (2- ME) SI GVAM/ 522
EmbrdrBec & ¢ phosihate dusfines e wWddngen14190- 250
saline, Mgl 2 (-) , Cad 2 BI OCOAT col |l agen |V-coated
a. MHE¥GBac on-35 4453 di shDickinson Cell separation
bufferlnvitrogenl3150-016 Activin AGenzyne23389

For inducing the differentiation of embryonic stem

cells, materials indicated in Table 2 were used.
Table 2
Manufacturer Article No.

_ _ Sanko Junyaku .
S—-Clone (SF-03) Co., Ltd. 881303
Bovine serum albumin (BSA) SIGMA A-2153
2-Mercaptoethanol (2-ME) SIGMA M7522
Dulbecco’s phosphate buffered . - :
saline, MgCl?“), cacl?®) | Invitrogen 14190-250
BIOCOAT collagen IV-coated 10-cm | Becton-

. . s 35 4453
dish Dickinson
Cell separation buffer Invitrogen 13150-016
Activin A Genzyme 23389

. . . Takara Shuzo

Anti-cadherin antibody (ECCD2) Co., Ltd. M108

' b. Medium for Differentiating Embryonic Stem Cells
To SF-03 powder was added one liter of distilled water

and the accompanying NaHCO; (2.2 ¢g) was added, and the

mixture was stirred. Then, carbon dioxide gas was added into
the medium until the color of the medium was changed to
2-ME was

orange. BSA was added to a concentration of 0.1%,
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Anti - cadherin anti body (ECCD2) Takara ShuzoML08 Co.,
Ltd. 10 b. Mediumfor Differentiating Enbryonic Stem
Cells To SF-03 powder was added one liter of distilled
wat er and the acconpanying NaHCO3 (2.2 g) was added,
and the mxture was stirred. Then, carbon di oxi de.gas
was added into 15 the nmediumuntil the col or of the
medi um was changed to orange. BSA was added to a

addebnoermoatMpnanfi 6hé%niRtivEewass- sRirraddédrt mot8- 4hivh 30
and the m xture was stirred for nore than 30 m nutes.

minfiaw] | Winkhé ysoltifel eolweasoh Waer fStldreir isawd.ild.zed.
Procedures for Differentiation Induction Bl OCOAT

c. Bdagered \F@oaseffdfeetn £ shesIneie seeded 5 with
1x105 EB5 enbryonic stemcells. At day 3 to day 6, the
CelH DT SR Firedrsddit el ced 4 ons epiadtedd aretiifdesded
(I'nvitrogen) and used for subsequent experinments.

witRef:erenes sExamphRndc SteaCldean sof SEPAROSBt t¥eds®l bs the
or GFP- Positive, E-Cadherin-Positive Cells by

cellAGRMantage - X appratéom ofegieageids Jhersegent s
indicated in Table 3 were used. Table 3

InRH OIS €4 S0, o ie it Sopsu Lk e

( sdtl%ﬁ%%rogenl4185-052 solution (10x Hank's buffer)

Reference Example 3: Selection of GFP-Positive Cells or GFP-
Positive, E-Cadherin-Positive Cells by FacsVantage

a. Preparation of Reagents

The regents indicated in Table 3 were used.

Table 3
Manufacturer Article No.
10x Hank’s equilibrated salt . .
. 185~
solution (10x Hank’s buffer) Invitrogen 14 052
Bovine serum albumin (BSA) SIGMA A-2153

To 900 ml of deionized water were added 100 ml of 10x
Hank’s buffer and 10g of BSA (final concentration of 1%), and
the mixture was well stirred. After the BSA was dissolved,
the solution was sterilized with a 0.2 ym filter.
Hereinafter, the resultant solution is referred to as BSA-
Hank’s buffer.

b. Procedures
Differentiation-induced embryonic stem cells at day 3

to day 6 of the differentiation were'disaggregated with the
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Bovi ne serum al bum n ( BSA) SI GVAA- 2153 To 900 m of

dei oni zed water were added 100 m of 10x 15 Hank's

buffer and | Og of BSA (final concentration of 1%, and

the mxture was well stirred. After the BSA was

di ssol ved, the solution was sterilized with a 0.2 pm

filter. Hereinafter, the resultant solution is

referred to as BSA- Hank's buffer. 20 b. Procedures
celDifdereatiaat iant fevoed et wansltedt@meebitsh aty BSA-3

to day 6 of the differentiation were di saggregated
HanWig bufheer. 28hetgl Itheepanldts ordaufdierscdved Hen Iwadhed 1%

once with 1% BSA- Hank's buffer. Then, the cells were

BSA-Uixgsolyvash ffed pdr of 0°1 %e 1IBSAdMaN IGFP-pffiari veercell® were
cells and GFP-positive cells were collected by cell

col IR imn.cAensrd dbosly. stidh rotfivody teddierd FomE-
performed, 10 ul of nobuse serum per 106 cells was

cadrddded and dacrhaied, fog 120 &F b Eese 0fe @R d&r CROT elllls
bl ocki ng. "A biotin- | abel'ed anti body agai nst E-cadherin

was %e@%ﬁg e hcibated 90 o8t P MEHUESScaF§ Sut

m nutes, the cells were washed once with 1%

bloc%%d"anzkx %1%“&f1fne-rlab-gl%d1%r&ellﬂo%lyﬂ’%rg%1&%td iSRRG i was
500 “ul of 1% BSA-Hank's buffer “contai ning

added ra%Q:f avi digk@add gy cocyaph e d APRuedd. | ng4at ed dhutes,

Ice for 20 mnutes. Finally, the cells were washed

the (U168 vyéxt{ v@a@tﬁéﬁ SRk 51 T { erps Al gsok Ve dob Ardr M 'IQice

1% BSA- Ha tfer per 106 cells, and used for cell
cel13ERANAT QL4 dkdNfed in 500 nl of 1% BSA-Hank’s buffer
containing streptavidin-allopycocyanine (APC) and incubated
on ice for 20 minutes. Finally, the cells were washed twice
with 1% BSA—Hank’s buffer, dissolved in 1 ml of 1% BSA-Hank’s
buffer per 10° cells, and used for cell separation. In the
case of the label dye being PE (phycoerythrin), similar
results were obtained.

The usage of FacsVantage (Becton-Dickinson) was in
accordance to the accompanying guidebook. The frequency of
vibration of the nozzle was on the order of 26000, the level
was at 3 V, and the drop delay was at about 12 to 14.
Reference Example 4: Maintaining and Differentiating of
Goosecoid-Positive Cells

For maintaining and differentiating goosecoid (Gsc)-

positive cells, reagents and equipment indicated in Table 4

were used.
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15 case of the |abel dye being PE (phycoerythrin),
simlar results were obtai ned. The usage of
FacsVant age (Becton-Di ckinson) was in accordance to
t he acconpanyi ng gui debook. The frequency of
vi bration of the nozzle was on the order of 26000, the
l evel 20 was at 3 V, and the drop delay was at about
12 to 14. Reference Exanple 4: Mintaining and

TabId fferentiating of Goosecoid-Positive Cells For

At-athrg—goosecoi-d—{Cse)
positive cells, reagents aEMaﬁunﬂd&meat I ndif aatgdle No.
Table 425 were used 2 Tabl e 4

MlnlW&ﬁu‘F%%‘?’tﬁJ@lAF‘Ffit‘i“% Ko, M nimeicegsant i al Medsum-@e3
medi di ||rﬁ 2. Mar r\:\nt oet hanol
-Mé&%aﬁ%%éﬂﬂaﬂﬁwvﬁazmtygIutan1nsnma00 M7522

boVi-he—serum

1,-g10EBS) FQUI 20eCHMS128311 Bl O00ATrwstldgagen | V- ¢eabed-dficm
Bect an-Di ckinson3s 4453 dissh b. Procedures.

reta®ebbvseddatmd (EEF posi ti veggelisrwer e seeded108311

BIOCOAT collagen IV-coated 10cm

; Becton-Dickinson | 35 4453
dish

b. Procedures

Cell-separated GFP-positive cells were seeded on

BIOCOAT collagen IV-coated 10cm dishes.

c. Medium for maintaining and differentiating Gsc-positive
ceiis
The composition of the maintaining and differentiating
medium was 90% o-MEM, 10% FBS, 5x10™° M 2-ME, and 2 mM L-
glutamine.
Example 1
Establishing of Goosecoid-GFP Knocked-in Embryonic Stem Cells
An construct into which a gene of green fluorescence
protein (GFP) was introduced in frame to the start codon ATG
of the mouse goosecoid gene, in accordance to routine
procedures (for example, Gu H, Zou YR, Rajewsky K., Cell,
1993, 73, 1155-1164) was constructed and introduced into
embryonic stem cells to obtain homologous recombinant clones

(Fig. 1A).

- 24 -~




10

15

20

25

5 BI OCQOAT col | agen | V-coated 10cm di shes. c. Medi um

for maintaining and differentiating Gsc-positive

cells The conposition of the naintaining and

differentiating nmediumwas 90% a- VEM 10% FBS, 5x10-5

M2-Mg, and 2 ML 10 glutamne. Exanple 1

Est abl i shi ng of Goosecoi d- GFP Knocked-i n Enbryonic

StemCells An construct into which a gene of green

f I dioeseende 1nireatesin We@eP)s adas-tiant gl et harnf tdred ttiong

the start codon ATG 15 of the nopuse goosecoid gene, in
analactier deviary tthe @8d neyoqureomeidiir eper(d s exgmuibte . Giiokmal

Zou YR, Rajewsky K., Cell, 1993, 73, 1155-1164) was
celleonst mitcdd raomh licydund usesbribnte t b riyaonimo tstemuwoetdd give

to obtain honol ogous reconbi nant clones (Fig. 1A). -

a 6.2k 1eARA HOTE d ainRirets th e i SEl Bod gk di @outiterreas
blotting analysis using the GSC (goosecoid) gene as a

homdlcRRe:rs N dBbirkadilch idlovu £ b horidogous Traaditatianng

has not occurred give a 6.5-kb-length fragnment by

lenddndldd gliggesid on,s wher g@isg 5 THND| TgetsereneRh satitbern
cl ones provide two fragnents having Ilengths of 6.5

blothPwakkdfHika Bt WAUH el ME®, pssid herm ot tidg
was carried out wth an NEO probe, in order to

identdenf ifhe tehat hale i NRB aREs WSSl B eled sV ethd the

and 't he di sappearance of the signal was observed
disaddpdbratBe [dfOfNe signal was observed (Fig. 1B, right).

Embryonic stem cells treated as described above were

added onto collagen IV-coated culture plates with the
differentiating medium without LIF and supplemented with
serum, and cultured at 37°C on a 5% CO; incubator. At day 4,
about 3% GFP-positive cells were observed. These cells were
subjected to cell separation employing.FacsVantage and
testing for the expression of the goosecoid gene by RT-PCR
method. From the results, the expression of goosecoid was
shown only in the GFP-positive cells (Fig. 2). This
confirmed that the expression of GFP corresponded with the
expression of goosecoid.

| Next, whether these GFP-positive cells express other
genes specific for node cells was examined using RT-PCR in
similar ways (Fig. 3). Interestingly, these cells

specifically express not only node cell-specific genes, but

also endoderm-specific marker genes (GATA4, Socl7). The
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10 Enbryonic stemcells treated as described above
were added onto collagen IV-coated culture plates
with the differentiating nediumwthout LIF and

suppl enented with serum and cultured at 37C on a 5%
COX2 incubator. At day 4, about 3% GFP-positive cells
wer e observed. These ceIIs were 15 subjected to cel
separation enpl oyi ng FacsVantage and testing for the

pat R eSSigho e gniaseca s igeileabytRTERAR ofreidel.cells
Fromthe results, the expression of goosecoid was

and YOWhed Yo fi fsgrien SFd10asi t Tte tueinledl Ohitg.fo2in thefsies
confirmed that the expression of GFP corresponded with

finditRys 2hAX RS Graupio fansanoi b1 Nexdon vdieidesotdelked
G-P-positive cells express other genes specific for

enddiRdR deiinlsSL. wasl Jexani ned using RT-PCR in  simlar ways
(Fig. 3). Interestingly, these cells specifically

Exa ess not only node cell-specific genes, but 25
al so endoder m speci fi c marker genes (GATA4, Socl 7)

Esta-Hle_Lshlgrrg Pratd S 10f o e g e XRIESE) Oy | SSSLrbd BF i¥&O (;,ells

node cells and of their offspring cells. It

t U@.‘%e‘éh%% i By & 1, nh dhatvd f@eﬁ&%ﬁgar at
B

these cells contal ns so-cal | endonesoder nal

leve&%&%‘;‘g £ Ve'%ggea]]m i n%‘o mwfémé&rmgmﬁw md

wn | n "Exanp

thelg: éoel}%%ﬂﬂavgeesc%ues gar @kaﬂl%\é%ll%n%f w%of"et Fi3%t1 made

serum suppl enented nedi um and
by comparison as to whether any changes could result from the

addition of activin A, BMP-4 (bone morphogenetic protein-4),
BMP-2, LicCl, and others under conditions in the presence of
serum. Only a small effect was seen with activin A, and no
significant effect was detected. Investigation of culture
conditions bringing about the appearance of GSC-GFP-positive
cells was then carried out using serum-free medium, and
comparison was made in a similar way between activin A, BMP-
4, BMP-2, LiCl, and others. Specifically, on BIOCOAT
collagen IV-coated dishes, goosecoid knocked-in embryonic
stem cells were subjected to the induction of their
differentiation using the differentiation inducing medium
without LIF in the absence of serum. In this case, activin A
was added at a concentration of 10 ng/ml from day 0. The
expression of GFP from day 2 up to day 6 was analyzed using

Facs. The results show that when activin A was added, the.
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their percentages are snmall. Exam nations were firstly
made 10 by conpari son as to whether any changes coul d
result fromthe addition of activin A, BMP-4 (bone
nor phogenetic protein-4), BMP-2, Lid, and others
under conditions in the presence of serum Only a
smal|l effect was seen wth activin A and no
significant effect was detected. |nvestigation of
exprédd $10re o5 GRENGidd anfduddgim@ Ebat tihe efidearancapie
GSC- GFP-positive cells was then carried out using
(Figeran f pge tAedbifle raRdnd; 0Pl eXPh ¥R ofR@E GFPawas not
simlar way between activin A, BWP- 4, BWMP-2, Lid,

indudel adtdesp-Spedms-cal 1ahd an Bl OB EectRlr, ag®Beriments in

| V-coat ed di shes, goosecoid knocked-in enbryonic 20

whicH GBGeHIS WY G R 66l d, thend nditddranrdiddeide o,

differentiation using the differentiation inducing

0.3,"edi Wh4 Wid Iptnilfedd dhe-ahsense & sesimmidm wdy Sand
case, activin A was added at a concentration of 10

the [é%!ﬁégegsri@ﬁ oy drp e g BXN 8psd UhHfyAdd o e, URt

ay 6 was anal yzed using 25 Facs.” The results show

oGl A A MRS, 0 or IR gse e
pos DS, A LU PR, o SR ot
con SR 5 gy S0 ST 20 MO IOR gL . 1o
che SHILUNS SIANDLA MY AL JRer s feiive
cellfsr %'Bttarl%erf %H’letns sterleﬂm tvrhes paec{cfeecp:t %ﬁ\?F-oiB,G:h%ich is a gene
specific for node cells, Liml, and GATA-4 and Sox17, which
are endoderm-specific genes, were expressed.

Next, effects of BMP-4 and bFGF (basic fibroblast
growth factor) on inducing the differentiation of GFP-
positive cells were stﬁdied.

On BIOCOAT collagen IV-coated dishes, goosecoid
knocked-in embryonic stem cells were subjected to the
induction of their differentiation using the differentiation
inducing medium without LIF in the absence df serum. In this
case, activin A was added at a constant concentration of 3
ng/ml, and BMP-4 and bFGF at a concentration of 10 ng/ml.
The addition of BMP-4 :esulted in a reduced percentage of
Gsc-GFP-positive cells and gave suppressive effects, whereas

the addition of bFGF contrarily lead to an increased
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positive cells was increased in a manner dependent on
the concentration of activin A (Fig. 5) . The gene
expression in 10 the cells thus obtained was the sane
as that in GFP-positive cells obtained when serum was
added: HNF-3R, which is a gene specific for node
cells, Lim, and GATA-4 and Soxl 7, which are
endoder m speci fi c genes, were expressed. Next, effects
percein e, 4 raric thR@E- t{dbasdie dddirnirasit ki igriowtzh dlagteor (Fig.
on inducing the differentiation of GFP- positive cells
6) . Weteist uddedstOodBfComATheskl ddadihyscaatéd tiieshes,
goosecoi d knocked-in enbryonic stemcells were
di f fedradtad drp dthesrp-bisitd iore ddelleiardifdteriantuicdd doy all
using the differentiation 20 i nduci ng nmedi um w t hout

growthF fdttdies ahsenat iofirs e WAd IVFdMitave asaid asdpabil Ay
was. added at a constant concentration. of 3 ng/m,

(altdh PV FERNG bii a1y concentration of 10 ng/m .
The "addition of BMP-4 resulted in a reduced percentage

Exan@fle @C-G-P-positive cells and gave suppressive
éf fects, whereas 25 the addition of bFG- contrarily

Sepaﬁ§¥1§d3é¥1EﬂHH&3¥M§h -cA s PREGESB9eRod 6l iBkd e 1105 tdred
addition of activin A alone (Fig. 6). It is

The%fu#ygﬂfggyggfgﬂthese findings that the

fferentiation of G-P-positive cells are not induced

D173 o oA LA O Al A S s o
GFPJﬁsgﬁgf%é3cells, analysis was made as to. what changes in
the pattern of expression of E-cadherin which is expressed in
the endoderm and ectoderm were caused with the
differentiation of embryonic stem cells. On BIOCOAT collagen
IV-coated dishes, goosecoid knocked-in embryonic stem cells
were subjected to the induction of their differentiation
using the differentiation inducing medium without LIF in the
absence of serum. In this case, activin A was added from day
0 at a concentration of 10 ng/ml. The expression of GFP and
E-cadherin at days 4, 5, and 6, was analyzed using Facs. At
day 4, most of the GFP-positive cells were E-cadherin
positive. As the differentiation advances, GFP-positive, E-
cadherin-negative cells appeared, and theif percentages were
increased (Fig. 7). These results, in the light of the

expression of goosecoid in the endomesoderm, would indicate

that GFP-positive, E-cadherin-positive cells are endodermal
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Separation of Endodermal Cells from G-P-Positive Cells
and Their Proliferation In order to analyze the
differentiation capability of 10 G-FP-positive cells,
anal ysis was nmade as to what changes in the pattern
of expression of E-cadherin which is expressed in the
endoderm and ectoderm were caused with the
differentiation of enbryonic stemcells. On Bl OCOAT
cellepnl | agen |V-coated di shes, goosecoid knocked-in
enbryonic stemcells 15 were subjected to the
i NGty o tifenidts) walid mardanticatdidifenesitnigattdheinto
di fferentiation inducing nediumw thout LIF in the
epitahsensel delSey UMon IE4dddhamisesp@E i Mid) o dveB- catitest in-
fromday O at a concentration of 10 ng/m . The
neg#Rf S 1y Aimdd P &l cEp-qashitive adedlays 4, 5, and 6,
was anal yzed using Facs. At 20 day 4, nost of the
GFRrpesiddorer e llisageel evEcrahel idi s t g sAsoide
differentiati on advances, GFP-positive, E-

knoddadher] neiggald e Hedd caPRealash Aiddedd to the

percentages were increased (Fig. 7). These results,
indddtidie d# tHef dinerEpltess h Als ARPSEEDI @l ffetdietiation
endonesoderm would indicate 25 that GFP-positive,

indx%éi)%fgdfﬁ%diﬁinp%iﬂﬂd{& el Si Al endodsid@lor L8ruke! I1%: this

, attenpts were made to differentiate into

case%piat I 4 & Geld sy ddun E=sadhisf | - Posd teecdEration of 10

-cadherin- negative cells anong the GFP-positive

nghﬁ%%é%go?g§n6$|g@@%@c%%%%a%%ﬁl%Vw%ﬁ%kEQéyé”GF?—positive/E—
cadherin-positive and GFP-positive/E~cadherin-negative were
stained with an antibody against E-cadherin and purified by
cell selection employing FacsVantage. When these cells were
cultured in the differentiating medium containing serum, the
E-cadherin-positive fraction efficiently resulted in the
appearance of only epithelioid cells, whereas the E-cadherin-
negative fraction resﬁlted in no observable appearance of
epithelioid cells like these cells (Fig. 8A). This.means
that epithelioid cells appear preferentially'from GFP-
positive cell E-cadherin-positive cells.

Next, in order to investigate the cell linage of these

epithelioid cells, the expression of genes specific for the

cell linage was analyzed by RT-PCR method. The results

“showed that although HNF3b, which is an endoderm-specific

marker, Soxl7, and GATA4 were expressed, the expression of
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knocked-in enbryonic stemcells were subjected to the
i nduction of their differentiation using the
differentiation inducing mediumw thout LIF in the
absence of serum In this case, activin A was added
fromday O at a concentration of 10 10 ng/m . At day
6, respective cells which were G-P-positive/E-
cadherin-positive and GFP-positive/ E-cadherin-negative
molemrles stxaprnesbad tin dreattddyorhs aged regil dercanildrs wasndot
purified by cell selection enploying FacsVant age.
detedfdl t sy @H)ls cené meubholedy rrtihe 6AHf endnthadsi ngne
medi um contai ning serum the is E-cadherin-positive
exprddsatidrpaitdrel entvey drsu tiatht tHh e@ppprdriane aflls
only epithelioid cells, whereas the E-cadherin-
di £ fReed v dd aslidm s repddiad dd) - haiiabll Siptieay ancd s
of epithelioid cells like these cells (Fig. BA). This
at dBRA arddainRpidhell dd el | s appear preferentially
from GFP 20 positive cell E-cadherin-positive cells.
Next, in order to investigate the cell |inage of these
epithelioid cells, the expression of genes specific

INDUSaR e ArgelicAHR mager was anal yzed by RT- PCR met hod.
The results showed that although HNF3b, which is an

en@%@%@%&%ﬁﬁ?@@éﬁ:giﬂﬂ§¢§%boﬁ&%%?ﬁt&“ﬂiéﬁﬁﬁﬁﬂ%ﬁfe

expressed, the expression of nol ecul’'es expressed

. i : I et i
inver OSPHRE A R SELIG AR "y o Hhsneing
endoHIREIS QN RALLE! rl:é(}@%’se fhadr-dis AR eld Abnach,
cells differentiate rom G-P- posi tive,

duodertAdharde 01 MG £& ! Sliver, spleen, and large bowel in

the future. These endodermal cells can be utilized for

development of drugs, or alternatively, as cells producing
hormones, biocactive substances, and others, such as insulin

producing cells, or for clinical applications.
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5 at day 6 are endodermal cells. | NDUSTRI AL
APPLI CABI LI TY Endodermal stemcells according to the
present invention differentiate into endoder nal
cells, the resulting 10 endodermal cells are cells
that differentiate into stomach, duodenum intestina
tract, -liver, spleen, and |arge bowel in the future.
These endodernal cells can be utilized for
devel opment of drugs, orcakhtEsnatively, as cells
produci ng hornones, bioactive substances, and others,
such as insulin 15 producing cells, or for clinica
applications. CLAIMS 1. An endodernmal stemcell which

1. Moshreiemid]l ertent iedled whiclvitd® Be@rindifferentiated in
mul ti potential stemcell, wherein the cell is

vitrd gt &f rRRegidd terirkersiasidd Ve, aftbteGadiies idell is
positive. 2. The cell according to claim1, wherein

orgdhi& dAlddRatami-nplriedeBeSidives A eliymd £istdRitive.
cell. 3. The cell according to claim1l or 2, wherein
t heor gani zer specific marker is goosecoid. 4. The cel
according to claim3, wherein a |abel protein is fused

2. THe tRA 10T QY B P RS I d1 LB KQfherein &l tipotential
according to claim4, wherein the | abel proteinis

stemrd'ceAN fi'éi%rrﬁ%gﬁﬁ‘ig:rﬂré’tseééh (@H). 6. Anethod for

preparing an endodernal” stem cell, which conprises
the steps of: a) culturing nmultipotential stemcells,
and

3. The cell according to claim 1 or 2, wherein the organizer-

specific marker is goosecoid.

4. The cell according to claim 3, wherein a label protein is

fused to the organizer—specific marker.

5. The cell according to claim 4, wherein the label protein

is green fluorescence protein (GFP).

6. A method for preparing an endodermal stem cell, which
comprises the steps of:

a) culturing multipotential stem cells, and

b) selecting and separating cells expressing an organizer-

specific marker and E-cadherin.

7. The method according to claim 6, wherein a cell sorter is
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b) selecting and separating cells expressing an

organi zer- specific marker and E-cadherin. 7. The

nmet hod according to claim®6, wherein a cell sorter is

- 31 enployed at the selection step. 8. The nethod

according to claim6 or 7, wherein the nultipotentia

stemcells are cultured in the presence of activinin

a serumfree mediumon a culture plate coated with
emplitdagan dné ddierehivrdiddegy.entiating the

mul ti potential stem cells into endodermal stemcells.

9. Anethod for differentiating an endodernmal stem

cell according to any of clains 1 to 5 to prepare. an

8. TerRdegamm ad@ddiofy itY eflesim 6lGr The winitwith ageor di ng
to claim9, wherein the endodermal stemcells are

mul tadrerad 410 dthen RIESNGE- OfciBittirdd i tthe SfdHBridee
mediumon a culture plate coated with collagen 1V,

actitiel aky diddarentdal igthe ghdodaimBlrsStEnceldsatdd avith

endodermal cells. 11. An endodermal cells obtained by

collfé@%rprﬁpar@{é%mi%%rﬁi% thelmineibHentbhalZstem

nmet hod for preparing an internedi ate stemcell of

cel USRS erdd B W dddiplaniial stem cel I, whi ch
conprises the steps o:é%% I ntroduci ng a gene of a
| abel protein in the genone of a - 32

9. A method for differentiating an endodermal stem cell
according to any of claims 1 to 5 to prepare an endodermal

cell of interest.

10. The method according to claim 9, wherein the endodermal
stem cells are cultured in the presence of activin in a
serum-free medium on a culture plate coated with collagen IV,
thereby differentiéting the endodermal stem cells into

endodermal cells.

11. An endodermal cells obtained by the preparation method

according to claim 9 or 10.

12. A method for preparing an intermediate stem cell of
interest from a multipotential stem cell, which comprises the
steps of:

a) introducing a gene of a label protein in the genome of a
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mul ti potential stemcell so as to be adapted to the
expressi on system of a predeterm ned marker gene, such
that said |abel protein is expressed instead of or
together with the predeterm ned marker gene, and b)
sel ecting and separating internediate stemcells of
interest using the | abel of said | abel protein as an
i ndicator. 13. The method according to claim11,
mul tWirteint ite sHeu tddidl &Y i 13 @ye caldptiend aro ertbr yoni ¢
stemcell and the |abel protein is green fluorescence
exprRis@iein s iteml e net aeaorididty rfaxrled migene, wuds,that
wherein the internediate stemcells are endoder nal

saidsti@Meleldrotein is expressed instead of or together with
the predetermined marker gene, and
b) selecting and separating intermediate stem cells of

interest using the label of said label protein as an

indicator.
13. The method according to claim 11, wherein the
multipotential stem cell is an embryonic stem cell and the

label protein is green fluorescence protein.

14, The method according to claim 12 or 13, wherein the

intermediate stem cells are endodermal stem cells.
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